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EXECUTIVE SUMMARY
Fortescue Metals Group is developing the Solomon Bwe Project (Solomon)whichis located 60 km
north of Tom Price in the Pilbara region of Western Austrdtiés proposed thasolomonwill consist of
two mines,Kings and Firetal Yy R | f a2 Ay Of dzZRS | sChlidbréakPartBeaandi K G 2 ;
Railway Kings mine cmprisesthree Channel Iron Deposits (CIR)own asthe Valley of the Queens,
Valley of the Kings (previously known as Valley of the Kings and Trinity) and Zion. The Firetail mine
comprises two Bedded and Detrital Iron Deposits, which are divided inttaiFiMorth and Firetail
South In April 2011, the Minister for Environment issued conditional approval under Ministerial
Statement 862 for Solomon.

Among the conditions attached to Ministerial Stateme®62 was a requirement for survey before
development of the approved Zion deposit at Kings. This Conditignsi&tes:

Three months prior to commencement of ground disturbing activities associated with the Zion
deposit, the proponent shall demonstrateat similar and connected troglofauna habitat gxi
outside of areas that have been or are likely to be impacted by mining to the satisfaction of the
Chief Executive Officer of the Office of the Environmental Protection Authority on advice from the
Depatment of Environment and Conservation.

Thepurposeof this reportis to address Condition 28 and é&monstratk that speciesollectedfrom the
Zion deposit occur in surrounding areas thall wit be threatened by angotential future mining.

Troglofaunavere sampledat Zionin accordance with the recommendations of EPA Guidance Statement
54A Each sample consistadf a trap and a scrape stdample. A total of 38.5 samples were collected
within the potential mine pitsand 39 sampleswere collected fromadjacent reference areas.The
number of impact samples wdswer than the recommended 60 samplégcause of the lack of drill
holes to sample; howevethe averageyield of animals per sample (1.74) wasll above the historical
Pilbara capture rate of @5 animals per sampland the troglofauna community is likely to have been
adequately characterised

Atotal of 27 troglofaunaspecieselonging tol4 Ordersvere collected. Thisepresents a relatively rich
troglofauna communityfor a survey area dhe size of Zion Seventeerof the 27species were recorded
in potential mine pits. All buthree of these speciesecorded from the potential mine pitave also
been recorded in reference areas, other deposits at Solomon or in the wider Pilbaisindcates that

there is considerable connectivity in the strata surrounding the potential mine Pphge connectivity
occurs at two scalefor troglobitic specieconfined to underground habitatsvery locally within the
outcropping CID at Zion and monedely within Sibomon. There is a third scale @onnectivitywhereby

most troglophilicspecies with a surface stage in theiifecycle have sukregional or regionascale

ranges.

Thethree species of troglofauna currently known only frdhe potentialmine pits atZion Draculodes

sp. B30,Cryptopssp. SOLOMON &nd Zuphiini sp. SOLOMONpresented by single animalsThe
apparently localised ranges of these species were the result of being collec®dgis animals from
single holes, which providevery incomplete (and perhaps misleading) information about the range of a
species. Howeverpformation on the biology and distribution of related species suggestsof the
species Draculoidessp. B30and Zuphiini sp. SOLOMDMay actually have smalanges élthoughnot

as localised as thpotential mine pits), andtherefore could potentially beestricted to the outcropping
CID in the Zion deposit.
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The important issue from an assessment viewpoint is that being restricted to outcropping CID at Zion
does not mean that species will be threatened by minir@utcropping CID is extensive outside the
potential mine pits and tere is evidence of continuitipetween outcropping CID habitat inside and
outside the potential mine pits for two less restrictedespes (a schizomid and a symphylanherefore,
although Draculoidessp. B30and Zuphiini sp. SOLOMOMy be restricted to Zion deposihe small

siz of individual potential mingits and the considerable amount of outcropping CID that neithain

after mining (366 of the 406 ha based on current data) make it unlikelgeispeciesoccuronly within

the proposedmine pits. On this basig, is unlikelythe persistence of anyroglofaunaspecies will be
threatenedby miningat Zion.
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1. INTRODUCTION

Subterranean fauna commonly have very lirditeanges and, accordingly, they are particularly
vulnerable to extinction as a result of anthropogenic activities. About 70% of stygofauna in the Pilbara
meet the criterion for being a shoerange endemic species (SRE) (Eberhatrcil. 2009) and the
proportion of troglofauna that are SREslikely to beeven higher (Lamoreux 2004Lonsequently, the
Environmental Protection Authority (EPA) usually requires that the risks to subterranean fauna are
considered when assessing proposed mine developm@&Rg2003)

Fortescue Metals Group (Fortescue) is developimg $olomon Iro Ore Project (Solomon) whichis
located 60 km north of Tom Prige the Pilbara regio of Western Australia The SolomonProject will
consistof two mines,Kings and Firetaibnd arail spur that joins Fortesc@CloudbreakPort Hedland
Railway TheKings nme compriseshree Channel Iron Deposits (ClE3lledValley of the Queens, Valley
of the Kings(previously known as Valley of the Kings and Triraty) Zion. The Firetailmine will
comprisetwo areas ofBedded and Detrital Iron Deposits (BID and Didich aredivided into Firetail
North and Firetail South (Figure 1.1). April 2011, the Minister for Environmeissued conditional
approvalfor Solomonunder Ministerial Steement 862 (MS862)

Ministerial Statement 862ncorporatedthe 9t ! Qa recemmsndaiios contained inReport 1386
The following three points summarighe key asessments and recommendation$ Report 1386 in
relation to subterraneariauna

1) It was concluded thathe impact to subterranean fauna from the railway spur and mining at
Firetail were unlikely to be significant andhus stated, assessment would focus tme Kings
mine;

2) In relation to stygofauna at Kingte report noted somestygofaina species had only been
recorded at Kingbut 1 KS 9t ! [ 3INBSR ¢A0GK GKS LINRBLRYySyGQa
community exteneéd beyond the impacted CID aquifer armbncluded thatthe observed
distributions werean artefact of sampling; and

3) In relation to troglofauna at Kingshe reportnoted the higher proportion of troglofauna species
restricted toKingsMineX | ANBSR ¢gAGK GKS LINRBLRYySyGQa KeLRi
demonstrate troglofauna communities exteed outside the impactand recommended such
survey to validate habitat connectivity beyond the impagta. These findings deto the
develgpment of Condition 13 of MS86@rpvided in full inAppendix 1).

Among theapprovalconditionsfor the SolomonProjectwas a requiremenfor a troglofaunasurveyto
be undertakerprior to the commencement of any groumtisturbing activitieswithin the Zion deposit at
Kings The purpose of this report is to address Conditiomdghich states:

Three months prior to commencementgbund disturbing activities associated with the Zion
deposit, the proponent shall demonstrate that similar and connected troglofauna habisg exi
outside of areas that have been or are likely to be impacted by mining to the satisfaction of the
Chief Exeutive Officer of the Office of the Environmental Protection Authority on advice from the
Department of Environment and Conservation.
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Figurel.l. Location of the two Solomon mines, Ksnfyalley of the Queens, Valley of the Kings and Zion) and Firetail (Firetail North and Firetail South).

Indicative mine pits at each deposit are indicated
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2. MINING AT ZION DEPOJI

Any future mining ofZion deposit will beabove watertableusing open cut methods ancbvering an
area ofapproximately258 ha.

3. TROGLOFAUNAREVIEW

While the earliest work on troglofauna was focussed on their occurrence in caves, surveys during the
past five years have showthat troglofauna are widespread in the landscape matrix of the Pilbara and
are represented by many invertebrate groupscluding isopods, palpigrads, spiders, schizomids,
pseudoscorpions, harvestmen, millipedes, centipedes, pauropods, symphylans, miplsitverfish,
cockroaches, bugs, beetles and fungumats. Although abundance and diversity Bfestern Australian
troglofauna appear to be greatest in the Pilbara, at a regional scale troglofauna are ubiquitous in
Western Australiautside caves anthey havebeen recorded from the Kimberley (Harvey 2001), Cape
Range (Harveet al. 1993), Barrow lIsland (Biota 2005aMid-West (Ecologia 2008) and Yilgarn
(Bennelongi&20093, and SouthWest (Biota20058.

3.1. Habitat Requirements of Troglofauna

Troglofauna hatbat is usually considered to occur from the lower layers of soil and batav the
ground surfacedown to the interface with groundwater (Juberthiet al. 1981) Troglofaunaoccupy
interstices, vugs, cavities and fissurgghin this realm, so that theioccurrence islosely linkedto
geology Ifno fissures or voids are present, no troglofauna agitur. When these subterranean spaces
are present their pattern of occurrence will largely determine thpattern of abundance and
distribution of troglofauna. Vertical connectivitf voidswith the surface is important for supplying
carbon and nutrients to maintain populations of different species (plant roots are an important surface
connection), while lateral connéeity is crucial to underground dispersal. Geological features such as
dykes may block off the continuity of habitat andt as barriers talispersal, leading to species having
highly restricted ranges.

Troglofauna occur widely in the mineralized iramhations of the PilbaraBennelongia 2008ab, c,
2009b,c; Biota 2008. There is relatively little information about the occurrence of troglofauna outside
mineralized habitats because mine development has been the primary reason for most of the sampling
programs. However, it has been shown that troglofauna occur in calcrete and alluvium in the Pilbara
(Edward and Harvey 2008; Rio Tinto 2008), Yilgarn (Barranco and Harvey 2008; Platnick 2008;
Benrelongia 2009pand elsewhere (Biota 2005a),.

3.2. Previous Troglofauna Surveys at Solomon

Subterranean fauna sampling associated vilib environmentalimpact assessmemf Solomon was
undertaken bySubterranean Ecology the Kingsarea (Valley of the Kings, Valley of the Queand
Zion depositsand by Bennelorig inthe Firetail area.

Subterranean Ecology (201@)llectedand identified28 species of troglofaunfrom 165 samples Zion
supported the most species (14) of the three deposiithin Kings andonly two of the species recorded

at Zionwere not recorded elsewhere at Soloman Altogether at Kingsolur arachnid Orders were
recorded:Pseudoscorpionidé2 species)Palpigradi(l species)Schizomidg2 speciesand Araneae(l
species).The only crustacean Order collected was Isopodapécies). On@rder of centipede was
recorded: Scolopendromorphd3 species)Millipedes were represented by one Order: Polyxenida (1
species). Pauropods were represented by the only known Order in this group (Pauropodina) (1 species).

3
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Symphyla were represented by unkmo Orders (2 species).There were five Orders of hexapods
(Entognatha/lnsecta): Diplura (4 species), Thysanura (2 species), Blattodea (1 species), Hemiptera (2
species) and Coleoptera (5 species).

Bennelongig2010)collected45 species of troglofauniom 356 samplesat the Firetailarea Ten of the

Firetail speciesvere also recordedat Kings (Subterranean Ecology 20114t Firetail bur arachnid

Orders were recorded?seudoscorpionida (5 specigBglpigradi (1 specie§chizomida (2 specieahd

Araneae (7 species) The only crustacean Order collected was Isopoda (2 speciesd. Orders of
centipede were recordedseophilomorpha (1 specieahd Scolopendromorpha (3 speciesMillipedes

were represented by two Orders: Juliformia (1 species) Rolydesmida (1 species). Pauropods were
represented by the only known Order in this group (Pauropodina) (1 species). There were five Orders of
hexapods (Entognatha/lnsecta): Diplura (7 species), Thysanura (4 species), Blattodea (2 species),
Hemiptera (3pecies) and Coleoptera (5 species).

A subsequentegionaltroglofaunasurvey around the Kingarea and farther west and north westof
Solomon was conducted by Subterranean Ecology (2011). Fourteen species of troglofauna were
collected in c. 49 samplewijth at least five of these species previously recorded at Kihg2011 and

2012, Bennelongia also undertook regidssurveys arond the Kings area

4. HABITAT CHARACTERISAION AT ZION AND SURROUNDS

4.1. Geology

Solomon lies in the main Hamersley Range and contains a significant section of the Lower Proterozoic
Hamersley Group sedimentagequence. The rangeswithin the Solomontenements are typically
rugged, with prominent strike ridegs and hills obutcroppingBrockman Iron Formatiothat separate
palaeochannelsncised into relatively flat lyinpasement rocksin which thick sequences of iremch

infill have been locally desited(MHW 2010)

Solomon deposits typically contain the following palaeochannel units (MWH 2010; Eigjure
1. Alluvial/Colluvial and Detrital Depositsalley in-fill sequence consisting clay, silt and gravel
includingDID derived from BlBbout 10 to 60 m thck.
2. Oakover Formatiorcalcrete and silcrete horizon typically owénig CID andraryingin thickness
from barely present to several metres.
3. Upper Cibhard, goethitedominaed CID which has been overprinted in places liyaad @p
zone of hydrated goeilte up to 15 mthick.
Lower Clbvuggy, clay rich ochreous goethite dontgthCID.
Basal Conglomeratéasal conglomerate and clay unit present at the base of the CID, typically
within the deepest parts of the palaeochannel system.
6. Brockman Iron Formatiorrelatively flat lying, predominately unmineralised Blfales Gorge
and Joffre Memberglivided by Mt Whaleback Shalevith zones of mineralised Bé&nd DID
occurring in the adjacent valley walls and margins of the palaeochannels.

S

TheZiondeposit is parof the same palaeochannel as the other Solomon deposits (Valley of the Kings,
Valley of the Queens) but c@mposed of a moreelevated CIDwhich is referred to here as outcropping
CID although it has sometimes been describe®alse Isolite. The outcropping CIDsits entirelyabove

the watertable withlittle or no overlyingalluvium(Figure 4.1) Brockman Iron Formatio(BIF)andthe
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Figure4.1. Schematic diagram of the geology within the Solomon Area, at Hjretdley of the Kings and Zion

Adapted and modified from MWE2010), not drawn to scalend is designed to represent a general diagrammatic representation of troglofauna habitat in the Solomonrtinea détail of the
inset can be seen in Figure 1.1.
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underlying Mount McRae Shale form the northern and southern valley walls, hills and ridgelines, as well
as the padeochannel valleyloor at Zion

4.1.1. Zion and Surrounds as Troglofauna Habitat

All of the mineralized lithologiesound at Solomor(BID/CID/DID) are knowto be porous andare well
recognised as troglofauna habitat manyother parts of the PilbargBiota 20®, Bennelongia @09a,h
2010,2011a, 2013. The basement lithologies that occur throughout the tenement are predominantly
basal conglomerateBIFand shalesandare not recognised as prospective for troglofauparticularlyat

the depths at whictlthey occur atSolomon On the other hand, wathered surface BlBccurring on
ridgelines and hills(commonly known as the Har@p Zone)is considered to be troglofauna habitat
because of itporosity.

The colluvial and alluvial sedimentat overlay the CID and flanking Dilthe valleysare considered to

be less prospective troglofauna habitat, although troglofauna have been found in alluvium (often where
calcrete is present)n the Pilbaraand elsewhere in Western Australia (Edward and Harvey 2008;
Barranco and Harvey 280Platnick 2008; Bennelongia unpublished data).

The outcroppingCIDat Zion, whichlies above the watertablerepresents classic troglofauna habitat
(Biota 2006). The flanking valley walls and hills compns®rcommercialgrade BID (Dales Gorge and
Jdfre Member) and Hard Cap. This Hard Cap zone is the prospective troglofauna habitadt Zion
outsidethe potential mine pits.

Metadolerite sills and dolerite dykes are known to cut Bi&within the regionalarea aroundSolomon
(MWH 2010)

4.2. Habitat Continuity at Zion

Quantifying habitat connectivity for troglofauna in inherently difficult and in most cases connectivity is
inferred via the lack of obvious barriers to troglofaungovement Landscape featusethat are
considered to be potentiddarriers include deep valleys, mesa formations, dolerite dykes and significant
faulting. Such features have the potential to block the continuity of voids and spaces that are required
for the presence of troglofaunan contrast,a transition between lithology/strata €speciallyfrom
commercial to norcommercial grademineralsation) rarely indicatesa barrier to troglofauna
distribution (Bennelongia 20094, 2011a2011b, 2012.

Theoutcropping Clxt Zion represents an unusual gedly formation inthe Solomon areaHowever,
surveyselsewhere in the Pilbarhave shown thasometroglofauna specieand community may occur

in both isolatedCIDand nearby mineralised BIF (Subterranean Ecology 280&here is expected to be
habitat continuity betweerZion and surrounding deposits in Solomon, especially through the CID in the
Valley of the Kings and Valley of the Queevhile deep valleys, dolerite dykes and faultarg present

at Solomon troglofauna species (including troglobitic species) havenb®gserved either side of such
potential barriers in other areaef the Pilbara (Bennelongia 20098,2011, 20129. At the same time, it
must be recognisd that troglofauna species tend to hauestricted distributionsand uniform
assemblages areot expected at Zion and other Solomon deposits (skamoreux2004 Harveyet al.
2008).
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5. METHODS

5.1.1. Survey Rationale

The ftroglofauna survey at Ziorwas conducted according tthe general principles laid out in EPA
Guidance Statements Nos 54 and 54A (EPA 2003, 2@)plingwas organised around clusters of
boresinsidethe potentialmine pits. Reference areas, sampled to determine whether speciesrdecb
within the potential mine pitsoccurmore widely weredefined as areas the vicinity ofthe potential
mine pits butoutsidethem. Collectively the impact and reference areag aeferred to ashe Pion

{ dzNJZ S & likewls& th€@ wider Solomon mining area is referred & a (1F6IBmo? NB [hlE &
includes Firetaitieposits (Firetail North andretail South) and other Kingieposits (Valley of the Kings,
Trinity and Valley of the Queens).

5.1.2. Sampling Methods
Each troglofauna sample consisted of two samples collectedypseparate techniques. These were
scraping and trapping:

1. Scraping occurred immediately prior to setting traps. A troglofauna net (weighted ring net, 150
pm mesh, aperture varied according to bore diameter) was lowered to the bottom of the bore,
or to the watertable, and scraped back to the surface along the bore walls. Each scrape
comprised four sequences of lowering and retrieving with the aim of scraping all troglofauna
present on the walls of the bore into the net. After each scrape, the conteritseonet were
transferred to a 125 ml vial and preserved in 100% ethanol.

2. Custom made cylindrical PVC traps (270 xnidQ entrance holes side and top) were used for
trapping. Traps were baited with moist leaf litter (sterilised by microwaving) and lowared
nylon cord to within several metres of the watertable or end of the bore. Each bore was set
with two traps. Bores were sealed while traps were set to minimise the capture of surface
invertebrates. Traps were retrieved eight weeks later and their eaiist (bait and captured
fauna) were emptied into a zilock bag and road freighted to the laboratory in Perth.

5.1.3. Sample Effort and Timing

The scrape and trap (single or doubjb-samples collectedt a site during eackamplinground were
treated asa sirgle sample in calculations of sample effodccording to currently recognised best
practice for troglofauna sampling (BHPBIO 2008; Halse and Pearson suhnhittegdtances whera
sample consisted of either trapping or scraping aloae effort value of 0.5 was assignedto that
sampling event.

Altogether 385 troglofauna impact samples were collected from bores withingbgential mine pits at

Zion, and afurther 39 reference samples were collectgd@able 5.1 and Figure 5.1). Samplngs
conducted wer fiverounds: Round 1 on 20 January 2010, Round 2 from 25 February to 2 March 2010,
Round 3 from 4 September 2011tirl November 2011Round 4 from 1 March to 3 May 201&nd
Round 5rom 12 September 2018ntil 7 November 2012Rounds 1 and 2 samp§ were conducted by
Subterranean Ecology; other sampling was conducted by Benneldhgiamplete list of drill holes
sampled and dates aglamplingis provided in Appendix 2.

Results of all previous troglofauna sursegt Solomonconducted by Subterranea Ecology and
Bennelongia have been included in analysis of the status and distributions of species found at Zion
deposit.
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5.1.4. Sample Sorting and Species Identification
Troglofauna caught in traps were extracted from the leaf litter using Berlese funnels under halogen
lamps. Lightdrives troglofauna and soil invertebratesit of the litter into the base of thefunnel

Table5.1. Sampling Effort fofroglofauna Survey at Zion.
S Trap = single trap, D Trap = double trap.

Impact Reference
Round 1
Scrape 12 8
Samples 6.0 4.0
Round 2
Scrape 12 8
S Trap 13 10
Samples 12.5 9
Round 3
Scrape 10 10
S Trap 8 8
D Trap 2 2
Samples 10 10
Round4
Scrape 10 10
S Trap 8 7
D Trap 2 3
Samples 10 10
Round 5
Scrape 6
S Trap 5
D Trap 1
Samples 6
Total Samples 38.5 39

containing 100% ethanol (EPA 2007). After about 72 hours, the ethanol and its contents were removed
and sorted under a dissecting microscope. Litter from each fumad also examined under a
microscope for any remaining live or dead animals.

Preserved scrapes were elutriated to separate animals from heavier sediment and sieved into size
fractions (250, 90 and 53 um) to remove debris and improve searching effici&zyples were then
sorted under a dissecting microscope.

All fauna wereemovedfrom samples and examined for troglomorphic characteristics (lack of eyes and
pigmentation, well developed sensory organs, long slender appendages, vermiform body shape).
Surface and sedwelling animals were identified only to Order level. Troglofauna were, as far as
possible, identified to species or morphospecies level, unless damaged, juvenile or the wrong sex for
identification (as stipulated by EPA 2007). Iderdtfans were made under dissecting and/or compound
microscope and specimens were dissected as necessary. Unpublished and informal taxonomic keys
were used to assist identification of taxa for which no published keys exist.

Representativeanimals collected by Bennelongiahave beenlodged with the Western Australian
Museum(Appendix 3)

5.2. Personnel

Fieldworkby Bennelongia in 2011 and 20d&s undertaken by Jim Cocking and Sean Bennett. Sample
sorting was done by Mike Scanlon, Gran&aiBen, Jim Cocking, Lucy Gibson, Jeremy Quartermaine, Sean
Bennett and Sabrina Cocking. ldentifications were made by Jane McRae anddean
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Figureb. 1. Drill holes sampled for troglofauna at Zion






















































