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Executive Summary

Fortescue Metals Group (hereafter referred to as Fortescue) requested that Tetra Tech
complete preliminary geochemical and geotechnical characterisation of the waste rock at the
Christmas Creek Iron Ore Mine. Thereafter Tetra Tech was to compare the geochemical test
results from this initial work with the available Cloud Break mine data in order to address the
guestion of whether or not it is reasonable to present an argument that the waste materials
at the two mines are generally similar, and hence should be subject to the same waste rock
management practices (and hence WRD basis of design).

The preliminary geochemical characterisation of the waste rock at Christmas Creek was
based on samples collected from the Vasse waste rock dump (WRD) and the Eyre mine pit
(ie one of the seven WRDs and one of the eight open pits active at the time this report was
prepared). All samples were collected in a single site visit in June 2012. Ten bulk samples
of in situ waste rock material were collected from the Eyre Pit for geochemical analysis. Bulk
samples of waste rock material were collected at the Vasse WRD from 29 test pits
excavated to a maximum depth of 3.0 m. Only the samples taken from the Vasse WRD were
subject to geotechnical characterisation.

All samples were analysed for total element concentrations, to identify metals or metalloids
of potential concern, and assessed for leaching potential with simulated precipitation
according to the Australian Standard Leachate Procedure (ASLP). In addition, acid-base
accounting was conducted on 65 samples in order to predict the potential acid drainage. A
total of eight samples were also investigated by quantitative x-ray diffraction.

A visual inspection of the excavated rock indicated that the Vasse WRD appears to be
relatively homogenous with respect to lithological/mineralogical components. Unsurprisingly,
mineralogical analysis of the sampled waste rock from both the pit and WRD identified
predominantly Fe-oxide minerals. Whilst no sulfide minerals were observed during the site
visit, operations personnel report the occasional presence of carbonaceous shales.

Elemental analysis of the samples revealed the waste rock to have a low sulphur content
and the associated calculations indicate that the waste has a low acid generation potential.
(Clearly, in the event that a shale lithotype is subsequently found, this should be
characterised.) The results of the elemental analysis were screened to identify elements with
relatively high concentrations as compared to average crustal abundance. This method
identified two el ement s wi t B these being arsehid and
antimony.

ASLP analysis of the waste rock samples identified relatively high concentrations of
aluminium, cadmium, chromium, lead and zinc in multiple samples.

Polarised Light Microscopy identified no asbestiform materials.

A preliminary review of the Christmas Creek groundwater chemistry revealed that
statistically significant changes have been seen in the results for Barium, Iron and Zinc; each
appearing to have increased over time.

Christmas Creek Preliminary Waste Rock Characterisation of
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A comparison of the geochemical characteristics of the waste rock samples taken from the
Eyre Pit and Vasse WRD suggest they are very similar; ie there is no statistically significant
difference in their metal concentrations. Further the mineralisation of the samples from the
two locations appear similar as is their limited potential to generate acid.

A comparison of the geochemical characteristics of the waste rock samples taken from the
Christmas Creek and Cloudbreak sites demonstrate that whilst the mineralogical
composition is broadly similar and the acid generating potential of both is generally low, the
elemental analysis and ASLP results are sufficiently different to negate an argument that
Christmas Creek and Cloudbreak sites have comparable waste from a geochemical
perspective. Consequently whilst most of the waste may be regarded as benign from the
perspective of potential to cause an unacceptable environmental impact, some waste may
be problematic in so far as it may leach metals. Given this, and notwithstanding the
limitations of this preliminary review, it appears likely that Fortescue may need to segregate
some waste rock lithotypes during disposal into either WRDs or as backfill.

In summary, from a geochemical perspective, the various lithotypes examined at Christmas

Creek and Cloudbreak sites do not have sufficiently similar characteristics to justify an

assumptiont hat t heyo6ére si mil ar whleurtherntlekdsultgsughestsi gn de
that some site specific waste rock management practices may be required.

This report also presents the geotechnical analyses of the samples collected from the Vasse
WRD. The analytical tests included Moisture Content, Particle size distribution, Atterberg
Limits, Emerson Crumb Dispersion, Falling Head Permeability, Direct Shear, Consolidation
Oedometer, Triaxial shear, Slake Durability, Moisture/Density Relationship. Insufficient data
was available for TetraTech to draw any substantive conclusions as to whether or not the the
Christmas Creek and Cloudbreak sites are similar or otherwise in terms of the geotechnical
characteristics of the various lithotypes present. Both intra and inter site specific sampling
and analysis will be required on an ongoing basis to ensure accurate characterisation of the
waste rock and sound engineering design of the waste rock disposal facilities.

Christmas Creek Preliminary Waste Rock Characterisation of
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1.0 Introduction

Fortescue Metals Group (Fortescue) 0s Chri
located in the Pilbara region of Western Australia, approximately 110 km north of Newman.

Fortescue requested that Tetra Tech complete preliminary geochemical and geotechnical
characterisation the waste rock at the Christmas Creek Iron Ore Mine. Thereafter Tetra Tech
was to compare the geochemical results from this initial work with the available Cloud Break
mine data in order to address the question of whether or not it is reasonable to present an
argument that the waste materials at the two mines are generally similar, and hence should
be subject to the same waste rock management practices (and hence WRD basis of design).

At the time of the preparation of this report, the Christmas Creek mine comprised seven

st mas

WRDs and eight open pits. At Fortescueds directionjnitialTet r a

geochemical characterisation of the Christmas Creek waste rock was based on samples
collected from only the Eyre Pit and Vasse WRD facility. The geotechnical characterisation
of waste was limited to samples collected from the Vasse WRD.

1.1 Geology

The regional stratigraphy in the Pilbara region of Western Australia is relatively continuous,
with similar geological processes occurring across the region which have resulted in the
enrichment of the iron deposits (Fortescue, 2009). The project area lies within the Hamersley
Basin where granitoid rocks of the Pilbara Craton (2,800 i 3,500 Ma) are overlain by the
Archaean Fortescue Group. This formation is in turn overlain by the Archaean-proterozoic
Hamersley Group of which the Marra Mamba Iron Formation (MMIF) is the lowermost unit
(Environ Australia, 2005).

Mineralisation is confined to the Nammuldi Member of the MMIF, which is characterised by
extensive, thick and podded iron enriched Banded Iron Formation, separated by equally
extensive units of siliceous and carbonate rich chert and shale (Fortescue, 2009). The
Nammuldi Member is overlain by various Tertiary detrital deposits of varying maturity which
may also contain iron mineralisation.

The mineralogy of the ore units is dominated by iron oxides (> 55 %) comprising goethite,
hematite and to a lesser extent martite, together with ochreous goethite. Other minerals
present are kaolinite (alumina <5%) with free and matrix quartz (silica <10%). High grade ore
frequently occurs as lenses within low grade ore, often contains high levels of silica, and can
be in contact with waste rock zones.

Overburden includes silts, clays, sands and shales (goethitic & hematitic) of the Nammuldi
Member. The geochemistry of a range of mine waste samples from the Christmas Creek
Deposit has previously been assessed by Graeme Campbell and Associates (GCA, 2005)
with regard to the implications for mine waste management. Based on the results of this
previous study, the regolith and waste-bedrocks to be excavated during open-pit mining is
expected to be non-acid forming (NAF) sulfide minerals. Enrichment in minor elements from
NAF lithotypes is expected to be low and soluble-salt concentrations low to moderate (GCA,
2005).

Christmas Creek Preliminary Waste Rock Characterisation of
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The Roy Hill Shales, located below the ore zone, are classified as potentially-acid forming
(PAF). However, open-pit mining is not anticipated to extend to a depth where the Roy Hill
Shales will be intersected (GCA, 2005).

1.2 Climate

The Project is in the semi-arid climatic region with an average maximum daily temperature
between 26.8 °C in July and 39.0°C in January. The region experiences an arid tropical
climate with the majority of rainfall occurring in the summer months. Rainfall is typically
associated with cyclone or thunderstorm activity. Long term average (1970-2009) annual
rainfall is 461 mm whilst long term average (1968-2007) annual pan evaporation is 3,059
mm (Fortescue, 2011).

Christmas Creek Preliminary Waste Rock Characterisation of
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2.0 GEOCHEMICAL CHARACTERISATION & COMPARISON

2.1 Sampling

This section describes the sampling methodology used to characterise the Christmas Creek
waste rock.

Samples were collected from purpose excavated pits or directly from surficial materials. The
locations of the sampling pits and surface sampling sites are presented in Figures 2-1 and 2-
2. Sample site selection was completed so as to achieve a representative horizontal and
vertical spatial distribution across the WRD and pit given the pre-defined constraints on the
total number of samples to be collected and sampling method (ie the use of a backhoe).

All test pits were systematically excavated, logged and sampled, where by all excavated
spoil was initially placed in separate stockpiles of 1 m depth increments. The majority of
WRD sample collection was completed by use of a CAT backhoe. Where backhoe access
was not available (Vasse WRD samples #1, #11, #14 and #27), samples were collected
manually with a spade as surface samples (0.0 m) and from the base of shallow pits (0.3 m).

Samples were collected from the corresponding stockpiles as soon as it was safe to do so
following excavation, and sealed in tagged polyurethane mine bags for shipping to the
respective laboratory facility. Following sample collection all spoil was logged in regards to
relative grain size fractions and lithologic proportions present. Lithologic proportions were
determined by combination of scratch plate and hammer/bash plate. All logs were cross
checked against any observations of layering noted during excavation. Excavated materials
were described for mineralogical and lithological characteristics to assist in categorising
potential lithological differences within the interior of the WRDs. Sampling logs are provided
in Appendix C.

211 Eyre Pit Sample Collection

Sample collection at the Eyre Pit facility was conducted in June 2011. Ten bulk samples
(labelled as Eyre Pit #1-10, Figure 2-1) were collected from bench cuts within the Eyre Pit.
Two additional samples (Eyre Pit #10b T Crystalline, #10b i Globular) were collected from
an area adjacent to a temporary waste rock stockpile. This stockpile was associated with
active mining at the north eastern corner of Eyre Pit where visible precipitation of solutes
was observed at the base and downslope of the stockpile. An additional sample (Eyre Pit
#10b) was collected from the stockpile itself. Samples were sealed in tagged polyurethane
mine bags for shipping to the sellected analytical laboratories.

21.2 Vasse WRD Sample Collection

Sample collection at the Vasse WRD facility was conducted between 12 and 14 June 2012.
The Vasse WRD is comprised of two discrete dumps (the north western Vasse WRD and the
south western Vasse WRD). In total, 28 of the 33 originally planned pits were excavated
across the two Vasse dumps and sellected adjacent areas; each pit being approximately 3m
deep. Fifteen pits were excavated within the north western dump, five were taken on the
south western dump, five samples were taken from within fill benched, service and stockpile
areas, and two samples were taken from areas of undisturbed or cut ground (i.e. in situ;

Christmas Creek Preliminary Waste Rock Characterisation of
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Figure 2-2). Four pits planned at locations 17, 23, 24, & 32 were not excavated as access
was not possible. Pit 33 was used for geotechnical sample collection only.

Samples for geochemical analysis were collected from each of the 28 pits. Two samples
were taken from each pit. The first sample was taken from the material excavated from a
depth of 0.0 to 1.5 m, and a second from the material excavated from a depth of 1.5 to 3.0
m. Composite samples taken from the entire depth profile were taken from six pits for the
purpose of testing for asbestiform materials. Thus a total of 62 geochemical samples were
collected from the Vasse WRD facility.

Figure 2-1 Sampling Locations at Eyre Pit

Christmas Creek Preliminary Waste Rock Characterisation of
Vasse WRD and Eyre Pit
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Figure 2-2 Sampling Locations at Vasse WRD

2.2 Geochemical Analytic Methodology
Static test results were used to evaluate the potential for acid formation and short-term
release of solutes. Samples were subjected to the following analytical tests:

1 Quantitative X-ray diffraction (XRD) with Rietveld analysis

i Total Elemental analysis by Inductively Coupled Plasma - Atomic Emission
Spectroscopy; - Mass Spectroscopy (ICP-AES;-MS)

9 Leachate analysis by Australian Standard Leaching Procedure (ASLP)

Christmas Creek Preliminary Waste Rock Characterisation of
Vasse WRD and Eyre Pit
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9 Acid-base Accounting (ABA) by the modified Sobek method
1 Asbestos testing by method AN602.

A summary of the Geochemical Analysis Summary for each sample is presented in Table
2.1. A summary of the analytical methods used for the geochemical analysis of Project
waste rock samples is discussed below. All analyses were conducted at SGS-Newburn in
Perth, unless otherwise stated.

Supplemental data and raw laboratory data is provided in Appendix A and Appendix B,
respectively.

221 Acid-base Accounting

Acid-base accounting (ABA) was used to estimate the capacity of the waste rock to either
produce or neutralise acid. ABA methods compare the maximum potential acidity (MPA) with
the acid neutralisation capacity (ANC) for a given material using either the total sulfur or
sulfide sulfur content.

ABA results were used to determine the Neutralisation Potential Ratio (NPR = ANC/MPA)
and the Net Acid Production Potential (NAPP), where NAPP is the difference between the
ANC and MPA (NAPP = MPA-ANC). These criteria are commonly used to categorise
material into potentially acid forming (PAF) or non-acid forming (NAF) material. Many
interpretation schemes have been developed to assess the potential for acid generation
using either criterion. l ndustry standard
< 0 kg of H2SO4 per tonne of material (kg H2SO4/t) as NAF (Table2-2). In contrast,
materials with NPR < 1 and NAPP >5 kg H2SO-/t are considered PAF. Values between
these designations are considered to have uncertain acid-generating characteristics and it is
generally recommended that they undergo additional testing to assess the dissolution rates
of acid-generating (e.g. pyrite) and acid-neutralising (e.g. calcite) minerals.

2.2.2 Rietveld X-ray Diffraction

Quantitative X-ray diffraction (XRD) was conducted on five samples from Eyre Pit. All tests
were done by Microanalysis of Victoria Park, WA. Vasse WRD samples were excluded from
XRD analysis because the excavated material was mixed with limited insight in the dominant
lithology. This exclusion limits the occurrence of a grab sample that may not be
representative of the entire sample.

Samples were lightly ground such that 90% passed through a 20 pm mesh to eliminate
preferred orientation during analysis. The International Centre for Diffraction Database
(ICDD) was used to identify all crystalline material. These amounts represent the relative
amounts of crystalline phases normalised to 100%. The complete laboratory reports
including the Rietveld refinement plots are provided in Appendix B.

Christmas Creek Preliminary Waste Rock Characterisation of
Vasse WRD and Eyre Pit

1296580400-REP-R0001-01 24 January 2013 Page2-6

criter



TETRATECH
(] % Fortescue

-

Table 2-1 Geochemical Sample Distribution and Analysis Summary

Eyre Pit #1 Surface X X X X
Eyre Pit #2 Surface X X X X
Eyre Pit #3 Surface X X X X
Eyre Pit #4 Surface X X X
Eyre Pit #5 Surface X X X
Eyre Pit #6 Surface X X X X
Eyre Pit #7 Surface X X X
Eyre Pit #8 Surface X X X X
Eyre Pit #9 Surface X X X
Eyre Pit #10 Surface X X X X
Eyre gﬁlthb i Surface X X X
Eyg)z:aﬁil:;) ! Surface X
Eyre Pit #10b -
" Globular Surface X
- vasewd |
Vasse WRD #1 Surface X X X
Vasse WRD #1 0.3 X X X
Vasse WRD #2 0.0-1.5 X X X
Vasse WRD #2 1.5-3.0 X X X
Vasse WRD #3 0.0-15 X X X
Vasse WRD #3 1.5-3.0 X X X
Vasse WRD #4 0.0-1.5 X X X
Vasse WRD #4 1.5-3.0 X X X
Vasse WRD #5 0.0-1.5 X X X
Vasse WRD #5 1.5-3.0 X X X
Vasse WRD #5 0.0-3.0 X
Vasse WRD #6 0.0-1.5 X X X
Vasse WRD #6 1.5-3.0 X X X
Vasse WRD #7 0.0-1.5 X X X
Vasse WRD #7 1.5-3.0 X X X
Vasse WRD #8 0.0-1.5 X X X
Vasse WRD #8 1.5-3.0 X X X
Vasse WRD #9 0.0-15 X X X
Vasse WRD #9 1.5-3.0 X X X
Vasse WRD #10 0.0-1.5 X X X
Vasse WRD #10 1.5-3.0 X X X
Vasse WRD #10 0.0-3.0 X
Vasse WRD #11 Surface X X X
Vasse WRD #11 0.3 X X X
Vasse WRD #12 0.0-1.5 X X X
Vasse WRD #12 1.5-3.0 X X X
Christmas Creek Preliminary Waste Rock Characterisation of

Vasse WRD and Eyre Pit
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Vasse WRD #13 0.0-1.5 X X X
Vasse WRD #13 1.5-3.0 X X X
Vasse WRD #14 Surface X X X
Vasse WRD #14 0.3 X X X
Vasse WRD #15 0.0-1.5 X X X
Vasse WRD #15 1.5-3.0 X X X
Vasse WRD #15 0.0-3.0 X

Vasse WRD #16 0.0-1.5 X X X
Vasse WRD #16 1.5-3.0 X X X
Vasse WRD #18 0.0-1.5 X X X
Vasse WRD #18 1.5-3.0 X X X
Vasse WRD #19 0.0-1.5 X X X
Vasse WRD #19 1.5-3.0 X X X
Vasse WRD #20 0.0-1.5 X X X
Vasse WRD #20 1.5-3.0 X X X
Vasse WRD #20 0.0-3.0 X

Vasse WRD #21 0.0-1.5 X X X
Vasse WRD #21 1.5-3.0 X X X
Vasse WRD #22 0.0-1.5 X X X
Vasse WRD #22 1.5-3.0 X X X
Vasse WRD #25 0.0-1.5 X X X
Vasse WRD #25 1.5-3.0 X X X
Vasse WRD #25 0.0-3.0 X

Vasse WRD #26 0.0-1.5 X X X
Vasse WRD #26 1.5-3.0 X X X
Vasse WRD #27 Surface X X X
Vasse WRD #27 0.3 X X X
Vasse WRD #28 0.0-1.5 X X X
Vasse WRD #28 1.5-3.0 X X X
Vasse WRD #29 0.0-1.5 X X X
Vasse WRD #29 1.5-3.0 X X X
Vasse WRD #30 0.0-1.5 X X X
Vasse WRD #30 1.5-3.0 X X X
Vasse WRD #30 0.0-3.0 X

Vasse WRD #31 0.0-1.5 X X X
Vasse WRD #31 1.5-3.0 X X X

Note: Surface and 0.3 m samples were collected from discrete depths

Table 2-2 Acid-base Accounting Criteria

Non-acid forming (NAF)

> or equal to 2

<0

Uncertain

lupto2

Oupto5
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2.2.3 Leachate Analysis

The purpose of conducting water | eac h ddei@n
assessment of the potential for release of constituents due to exposure to meteoric
precipitation (e.g., rain and runoff). Water leaching was conducted using Australian Standard
Leaching Procedure (ASLP) (Australian Standards AS4439.2 and 44396.3) with de-ionised
water. The procedure utilises 500 ml of de-ionised water and 25 g of sample resulting in a
20:1 water to rock ratio. The samples are shaken for 18 hours before being filtered and the
extract analysed. This dilution factor is reasonable for a site with heavy rainfall in excess of
250 to 320 mm /annum as seen at Christmas Creek. Leachate analysis was completed on
all samples.

224 Total Elemental Analysis

Multi-element assay data provides the near-total elemental composition and gives an
indication of the total potential load (100%) of constituents to the environment. Elemental
analysis was completed on 67 samples (56 from the WRD and 11 from the pit). Solid
samples were digested in acid and analysed for elements by ICP. A total of 48 whole rock
elemental concentrations were determined.

2.2.5 Asbestos Testing

Asbestos testing involves the qualitative identification of silicate minerals that have a
tendency to form thin fibrous crystals. Prolonged inhalation of fibers can cause serious
illness. Asbestos testing involved the qualitative identification of chrysotile, amosite and
crocidolite in bulk samples by polarised light microscopy in conjunction with dispersion
staining. Unequivocal identification of the asbestos minerals present is made by obtaining
sufficient diagnostic indicators, which provide a reasonable degree of certainty; dispersion
staining is a mandatory protocol for positive identification.

Asbestos qualitative testing was completed on the following six samples: (note the numbers
at the end of the sample name refer to the depth in meters from top of WRD sampled):
Vasse WRD #5 Bulk 0.0-3.0

Vasse WRD #10 Bulk 0.0-3.0

Vasse WRD #15 Bulk 0.0-3.0

Vasse WRD #20 Bulk 0.0-3.0

Vasse WRD #25 Bulk 0.0-3.0

Vasse WRD #30 Bulk 0.0-3.0.

=A =4 =4 =4 -4 -4

2.3 Geochemical Results and Discussion

Results from the geochemical characterisation are discussed in the following sections.
Tables and figures are included to provide supporting information. Appendix A contains
supplemental results while data directly from the laboratories are provided in Appendix B.

Christmas Creek Preliminary Waste Rock Characterisation of
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231 Acid-base Accounting

A summary of the waste rock ABA results is provided in Table 2-3. Graphical representation
is presented in Figures 2-3 and 2-4. Complete ABA calculations are presented in Appendix
A.

All 11 samples from Eyre Pit were classified as NAF based on both NPR and NAPP values.
Total and sulfide sulfur was less than 0.24 wt.% in all samples. The majority of Eyre Pit
samples were at or near detection limit of 0.005 wt. % for sulfide sulfur. The highest total
sulfur value was 0.049 wt. %.

Of the 54 samples taken from the Vasse WRD one of the was classified as PAF based on an
NPR ratio of 0.5. The NAPP value for this one sample was 3.5 kg H2SO4/tonne which
classified it as uncertain. Seven of the samples were classified as having uncertain potential
based on NPR values between 1 and 2. All of these were classified as NAF based on NAPP
calculations. The Vasse WRD had a mean total sulfur concentration of 0.01 wt. % with a
maximum concentration of 0.24 wt. %.

Table 2-3 Acid-base Accounting Results

Eyre Pit

; NAF

Eyre Pit #1 0.007 0.006 0.013 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #2 <0.005 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #3 0.01 <0.005 <0.005 <0.5 15 -1.25 6.0
; NAF

Eyre Pit #4 <0.005 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #5 0.008 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #6 <0.005 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #7 0.018 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #8 0.008 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #9 0.029 <0.005 <0.005 <0.5 <1 -0.25 2.0
; NAF

Eyre Pit #10 0.014 <0.005 <0.005 <0.5 3.4 -3.15 13.6
; NAF

Eyre Pit #10b Bulk 0.036 0.013 0.049 1.5 3.2 -1.70 2.1

Vasse WRD

NAF

Vasse WRD, #1 Bulk 0.3 0.01 <0.005 <0.005 <0.5 2.2 -1.95 8.8
NAF

Vasse WRD, #2 Bulk 0.0-1.5 <0.005 <0.005 <0.005 <0.5 2.2 -1.95 8.8
NAF

Vasse WRD, #2 Bulk 1.5-3.0 <0.005 <0.005 <0.005 <0.5 15 -1.25 6.0
NAF

Vasse WRD, #3 Bulk 0.0-1.5 0.019 <0.005 <0.005 <0.5 34 -3.15 13.6
Christmas Creek Preliminary Waste Rock Characterisation of

Vasse WRD and Eyre Pit
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Vasse WRD, #3 Bulk 1.5-3.0 | 0.016 | <0.005 | <0.005 <05 | 22 | -195 | 88
NAF

Vasse WRD, #4 Bulk 0.0-1.5 | 0.011 | <0.005 | <0.005 <05 | 22 | -195 | 88
NAF

Vasse WRD, #4 Bulk 1.5-3.0 | 0.015 | <0.005 | <0.005 <05 | 34 | -315 | 136
NAF

Vasse WRD, #5 Bulk 0.0-1.5 | 0.019 | <0.005 | <0.005 <05 | 8 775 | 320
NAF

Vasse WRD, #5 Bulk 1.5-3.0 | 0.007 | <0.005 | <0.005 <05 | 44 | -415 | 176
NAF

Vasse WRD, #6 Bulk 0.0-1.5 | <0.005 | <0.005 | <0.005 <05 | 51 | -485 | 204
NAF

Vasse WRD, #6 Bulk 1.5-3.0 | <0.005 | <0.005 | <0.005 <05 | 34 | -315 | 136
NAF

Vasse WRD, #7 Bulk 0.0-1.5 | 0.008 | <0.005 | <0.005 <05 | 46 | -435 | 184
NAF

Vasse WRD, #7 Bulk 1.5-3.0 | <0.005 | 0.041 0.046 14 | 34 | 200 | 24
NAF

Vasse WRD, #8 Bulk 0.0-1.5 | <0.005 | 0.009 0.005 <05 | 1.7 | -145 | 68
NAF

Vasse WRD, #8 Bulk 1.5-3.0 | <0.005 | <0.005 | <0.005 <05 | 34 | -315 | 136

Uncertain

Vasse WRD, #9 Bulk 1.5-3.0 | <0.005 | 0.055 0.059 18 | 24 | 060 | 13
- NAF

Vasse WRDl’ 1;10 Bulk 0.0 <0.005 | <0.005 <0.005 <05 | 24 | 215 | 96
- NAF

Vasse WRDé zlo Buk1.5- | (005 | 0.013 0.015 <05 | 1.9 | -165 | 76
NAF

Vasse WRD, #11 Bulk 0.3 | <0.005 | <0.005 | <0.005 <05 | 29 | -265 | 116
- NAF

Vasse WRDl‘ ?2 Bulk 0.0 0.006 | <0.005 <0.005 <05 | 48 | -455 | 19.2
- NAF

Vasse WRDé ﬁlz Bulk 1.5 0.007 | <0.005 <0.005 <05 | 24 | 215 | 96
- NAF

Vasse WRDi ’?3 Bulk0.0- | 005 | 0.036 0.041 13 | 31 | -180 | 24
- NAF

Vasse WRDé §13 Buk1.5- ' 005 | 0.014 0.017 05 | 1.4 | 09 | 28

Uncertain

Vasse WRD, #14 Bulk 0.3 | <0.005 | 0.036 0.034 1 19 | -090 | 1.9
- NAF

Vasse WRDi ?5 Bulk0.0- | 405 | 0.033 0.036 11 | 34 | 230 | 31
- NAF

Vasse WRDé *515 Bulk 1.5- | 5005 | <0.005 | <0.005 <05 | 22 | -195 | 88
- NAF

Vasse WRDi ?6 Buk0.0- | 405 | 0.021 0.021 06 | 26 | 200 | 43
- NAF

Vasse WRDé ’:;16 Bulk 1.5- | 005 | 0.04 0.037 11 | 22 | -110 | 20
- NAF

Vasse WRDl’ ?8 Bulk 0.0 0.012 | <0.005 0.017 0.5 19 | -1.40 | 38
- NAF

Vasse WRDé ?8 Buk1.5- | 45013 | o001 0.024 07 | 26 | -1.90 | 37
- NAF

Vasse WRD, #19Buk00- | 0015 | <0005 | 0006 | <05 | 19 | 1875 | 76.0
- NAF

Vasse WRDé *glg Bulk 1.5 0.009 | <0.005 <0.005 <05 | 14 | -13.75 | 56.0
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Vasse WRDi’ZZO Bulk0.0- 1 6023 | 022 0.24 74 | 39 | 350 | 05
] NAF
Vasse WRDg’ ;gzo Bulk 1.5 0.025 | <0.005 <0.005 <05 | 61 | -585 | 244
- NAF
Vasse WRDl’ ’;21 Buk0.0- | 4015 | <0.005 0.019 06 | 24 | -180 | 40
_ Uncertain
Vasse WRDé’Lézl Bulk 1.5 0.017 | 0.042 0.059 1.8 24 | 060 | 1.3
- NAF
Vasse WRDi ’;22 Bulk0.0- | 4505 | 0.008 0.012 <05 | 17 | -145 | 6.8
- NAF
Vasse WRDl’ *;25 Bulk 0.0 0.012 | <0.005 <0.005 <05 | 46 | -435 | 184
; NAF
Vasse WRDé 1325 Buk1.5- | 4013 | <0005 | <0005 | <05 | 39 | 365 | 156
- NAF
Vasse WRDl’ *;26 Bulk 0.0 0.013 | <0.005 <0.005 <05 | 41 | -385 | 16.4
- Uncertain
Vasse WRDé%ZG Bulk15- 1 5000 | 0.048 0.057 17 | 29 | ‘120 | 17
Uncertain
Vasse WRD, #27 Bulk 0.3 | 0.043 | <0.005 0.039 12 | 22 | -1.00 | 18
- Uncertain
Vasse WRDi’?S Bulk0.0- | 5013 | 0047 0.06 18 | 24 | 060 | 1.3
- Uncertain
Vasse WRDé%% Bulk1.5- 1 4072 | 0.026 0.097 3 44 | -1.40 | 15
- NAF
Vasse WRDl’ ’;29 Bulk 0.0 002 | <0005 | <0005 | <05 | 7 675 | 280
- NAF
Vasse WRDé gzg Buk15- 1 5019 | 0.017 0.036 11 | 24 | 130 | 22
- NAF
Vasse WRDl’ ’;30 Buk0.0- | 5028 | 0.008 0.036 11 | 27 | -160 | 25
- NAF
Vasse WRDé ;?;30 Bulk 1.5 0.015 | <0.005 <0.005 <05 | 51 | -485 | 204
- NAF
Vasse WRDl’ f’l Bulk 0.0 0.018 0.04 0.058 1.8 44 | 260 | 24
- NAF
Vasse WRDé ’:;31 Bulk 1.5 0.015 | <0.005 <0.005 <05 | 53 | -5.05 | 21.2
NAF
Vasse WRD, #1 Bulk Surface | 0.01 | <0.005 <0.005 <05 | 24 | 215 | 96
NAF
Vasse WRD, #11 Bulk 0015 | <0005 | <0005 | <05 | 24 | 215 | 96
Surface
NAF
Vasse WRD, #14 Bulk 0039 | <0.005 | <0005 | <05 | 17 | -145 | 6.8
Surface
NAF
Vasse WRD, #27 Bulk 0051 | <0.005 0.039 12 | 27 | 150 | 23
Surface

Note: All calculations involving values below reporting limit were done using 0.5 x the reporting limit.
* Total sulfur calculated by adding sulfate and sulfide sulfur values

Graphical representation of samples (Figures 2-3 and 2-4) confirm that the majority of
samples are NAF, with a smaller population being uncertain. One sample was classified as

PAF.
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Given the above, it appears that waste rock from both Christmas Creek and Cloudbread can
be characterised as non-acid forming.
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2.3.2 Elemental Analysis

Samples of waste rock from the Eyre pit and Vasse WRD were analysed. A statistical
summary of selected elements is presented in Table 2-4.

For the purpose of screening, each element was compared to the Geochemical Abundance

Index (GAI). The GAI compares the actual concentration of an element in a sample with the

median abundance for that element in the most relevant media (such as crustal abundance

as used in this review). The main purpose of the GAIl is to provide an indication of any

element a | 6enrichment 6 that may be of environment a
integer increments where a GAI-0 indicates the element is present at similar concentration

as the crustal abundance. As a general rule, a GAI-3 (approximately a twelve-fold

enrichment) or greater indicates enrichment that warrants further examination. However, it

should be noted that enrichment does not necessarily mean that an element poses an
environmental hazard.

Elemental concentrations compared to the relevant GAl value are provided in Appendix A.

With the exception of Eyre Pit #4 and Vasse WRD #12 1.5-3.0, all samples contained
arsenic concentrations greater than GAI 3 GAl ( or 12 ppm). Approximately half of samples
(34 out of 66) exceeded the GAI-3 value for antimony (2.4 ppm). All other constituents of
interest were below the relevant GAI-3 value.

With the exception of Eyre Pit #10, all returned selenium concentrations were at method
detection limit (2 ppm, c.f. GAI-3 of 0.6 ppm). Anomalously high selenium levels in Eyre Pit
#10 (7 ppm) were statistical outliers both within the Christmas Creek data set, and in
comparison to previous Cloudbreak analyses (Section 4.7.2). Due to ongoing works in the
vicinity of Eyre Pit, the location of the anomalous selenium result has been buried beneath
haul road construction and so receptor pathways and atmospheric exposure have been
removed. Should any future excavation take place in the vicinity of sample Eyre #10,
additional validation sampling should be undertaken.

Table 2-4 Summary Statistics for Total Element Analysis (mg/L)

Ag 0.1 <0.1 0.3 0.1 <0.1 <0.1 0.1 <0.1
Al 58 943 5040 142 000 47 076 36 907 10 300 74 100 15 199
As 81 10 229 77 33 11 69 13
Ba 104 6 655 187 166 24 975 165
Cd <0.1 <0.1 0.5 0.2 <0.01 <0.01 0.1 <0.1
Cr 85 <10 260 858 63 <10 150 44
Fe 326 845 24 700 549 000 184 282 451 074 234 000 584 000 60 087
K 1520 <100 7180 2163 569 <100 4 080 784
Mg 672 190 2490 696 776 330 2010 349
Mn 7 310 64.1 67 300 19 940 2738.1 159 13 400 2542
Ni 61 8 211 72 28 12 63 11

Christmas Creek Preliminary Waste Rock Characterisation of
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Pb 32 9 68 19 25 11 60 9
S 315 80 690 214 521 240 1150 180
Sb 2.4 1.0 5.2 14 2.8 1.0 6.7 1.2
Se 1 <2 7 2 1 <2 3 1
Ti 3421 410 12 700 3596 1998 540 4000 938
Zn 34 9 84 24 50 22 166 29

2.3.3 Leachate Analysis

A statistical summary of results is shown in Table 2-5 and results of all leachate testing are
included in Appendix A. Most of the samples taken from Eyre Pit had leachate pH that was
slightly higher or lower than the expected range of 6.5-8.5. The average pH of all the Eyre
Pit samples was 6.4 with the highest pH at 8.9 and the lowest at 5.8. For samples taken
from Vasse WRD the average pH was 6.8. Six of the 55 Vasse WRD samples had pH
values slightly lower than the expected minimum of 6.5.

For the purpose of screening only, the leachate results were compared to ANZECC water
guality guidelines (ANZECC 2000, Freshwater 95% protection level). This process identified
results that were subject to further consideration. (It should be noted however that
background groundwater concentrations for many elements naturally exceed ANZECC water
guality guidelines for freshwater protection. Any assessment of potential impacts can only be
made by comparing the potential leachate results with the naturally occurring groundwater
concentrations. This matter is addressed in Section 4.8.)

Within the above context, for the Eyre Pit, all elemental leachate samples were below
ANZECC guideline concentrations with the exception of chromium and zinc. A relatively high
concentration of chromium was detected in the vicinity of samples Eyre #7 to Eyre #10,
indicating enriched concentrations in the north eastern section of the Eyre pit mining area.
Chromium concentrations elsewhere in the Eyre pit mining area were below detection limit.
Relatively high zinc concentrations were detected in all samples with the exception of Eyre
#10 in the north eastern corner of the area.

Relatively high levels of aluminium, cadmium, chromium, lead and zinc were all detected in
analyses of Vasse WRD samples. Concentrations of aluminium, up to 2.5 times the
ANZECC value, were detected in 3 samples including an in situ sample from Vasse #2, at a
level of 2 times the ANZECC limit.

Relatively high cadmium, up to two orders of magnitude greater than ANZECC limits was
detected in approximately 37% of samples. Relatively high levels of chromium, lead and zinc
up to one order of magnitude greater than ANZECC limits was detected in 17% (Cr), 28%
(Pb) and 98% (Zn) of samples respectively.
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Table 2-5 Summary Statistics for Leachate Water Quality (mg/L)
pH - 7.3 5.8 8.9 1.2 7.2 6 8.4 0.6
TDS - 40 <10 56 59 76 <10 264 57
Al 0.055 0.022 <0.001 0.110 0.035 0.017 <0.001 0.130 0.024
As 0.013 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 <0.001
B 0.37 0.035 0.014 0.069 0.017 0.039 <0.005 0.086 0.017
Ba - 0.063 0.024 0.120 0.027 0.176 0.058 0.370 0.070
Ca - 13 <0.2 4 1.2 10.5 0.7 48.0 8.3
Cd 0.0002 <0.0001 | <0.0001 <0.0001 <0.0001 0.0034 <0.0001 0.0510 0.0082
© Cr 0.0033 0.004 <0.001 0.011 0.004 <0.001 <0.001 0.005 <0.001
F - 0.3 <0.1 0.6 0.2 0.6 0.2 1.2 0.3
Fe - 0.020 <0.005 0.071 0.025 0.022 <0.005 0.180 0.031
K - 0.8 0.3 2.2 0.6 1.4 0.2 5.7 1.2
Mn 1.9 0.098 <0.001 0.7 0.221 0.014 <0.001 0.320 0.055
Pb 0.0034 <0.001 <0.001 <0.001 <0.001 0.007 <0.001 0.046 0.012
Sb 0.009 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Se 0.011 <0.002 <0.002 <0.01 <0.01 <0.002 <0.001 <0.002 <0.002
Sr - 0.014 <0.001 0.037 0.012 0.055 <0.001 0.200 0.039
S04 - 6 <1 20 7 16 2 85 14
Zn 0.008 0.015 <0.001 0.021 0.006 0.042 0.007 0.077 0.018
Note: Figures in bold exceed ANZECC Freshwater Quality Guidelines (ANZECC 2000)
(A) Low Reliability fresh water trigger value for Crl Il (Al nteri me
2.3.4 Mineralogy

Quantitative XRD analysis was conducted on five samples from Eyre Pit. Vasse WRD
samples were excluded from XRD analysis because the excavated material was mixed and
heterogeneous. This exclusion limits the occurrence of a grab sample that may not be
representative of the entire sample.

Table 2-6 shows the mineralogical composition of these representative samples from Eyre
Pit. Samples are dominated by Fe-oxide minerals. Goethite ranges from 14% to 51%, while
hematite ranges from 15% to 56%. Kaolinite was identified in three of the samples with
appreciable concentrations as high as 87%. Rutile and quartz were also observed in discrete
samples.

No sulphidic minerals were identified in the samples which are consistent with the low sulfide
sulfur and total sulfur concentrations reported with the ABA results.

Christmas Creek Preliminary Waste Rock Characterisation of

Vasse WRD and Eyre Pit
Page2-16

1296580400-REP-R0001-01 24 January 2013



TETRATECH
(] % Fortescue

-

Table 2-6 Quantitative XRD Analysis Results (%)
Goethite FeO(OH) 47.4 35.8 38.8 135 51
Hematite Fer.s5H0.4503 19.2 56.5 14.8 0 25.1
Kaolinite Al;Siz05(0OH)4 33.4 0 0 86.5 23.9
Pseudo-rutile Feo.48Mno 54 Ti19.32050 0 7.7 0 0 0
Quartz Sio, 0 0 46.5 0 0

235 Asbestos Testing

Asbestos was not found in any of the samples.

2.3.6 Comparison of Eyre Pit and Vasse WRD

A comparison of surface samples between Eyre Pit and Vasse WRD was undertaken using
T-tests which are a statistical method to compare the distribution of two sets of normal
distributed data. These tests were conducted to ascertain whether waste material is
considered similar and comparable between Eyre Pit and Vasse WRD. Results shown in
Table 2-7 indicate that the geochemical characters are indeed similar with exception of
Calcium, although, these results should not be extrapolated to characterise the interior of the
WRDs.

Table 2-7 T-tests between Eyre Pit and Vasse WRD Total Metals
[Analyte | df [ tvalue | pvalue |  Class |

Al 10 1.5363 0.15 Similar

As 10 2.09 0.06 Similar

Ca 60 -4.3988 <0.05 Dissimilar

Fe 10 -2.212 0.05 Similar

Mg 11 -0.4821 0.64 Similar

Mn 10 0.7592 0.46 Similar

Pb 11 1.0955 0.30 Similar

Sbh 13 -1.032 0.32 Similar

Sr 6 1.1583 0.28 Similar

Zn 17 -1.9694 0.066 Similar

df equals degrees of freedom (n-1)
Set of values are considered similar if p-value > 0.05

2.3.7 Comparison of Christmas Creek and Cloudbreak Samples

The following sections discuss a comparison between the lithologies and chemical character
of the waste rock material between the Christmas Creek and Cloudbreak mines. Additional
geochemical characterisation of waste material at Cloudbreak is provided in Tetra Tech
(2012).
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Lithologic Comparison

A geological comparison was completed to determine if lithological units from Christmas
Creek were similar to the lithological composition from the Cloudbreak site. Geological
interpretation of borehole samples was conducted by Tetra Tech at the Cloudbreak site
between March 2012 and April 2012.

Visual observations from Christmas Creek show that the samples are also dominated by Fe-
oxide minerals goethite and hematite, with considerable amounts of shale in numerous
intermixed waste samples. Operations personnel report the occasional presence of
carbonaceous shales but none were found in the samples collected. No detrital alluvium
material was observed in the samples which may be due to the samples being collected
from the top 3 m of the WRD and at the Eyre Pit floor. The Fe-oxide proportions are fairly
similar between the two sites.

Visual observations of sampled intervals from the Cloudbreak site were dominated by meso-
and micro-scale banded Fe-oxide minerals. Hematite clasts were typically blue-grey with a
metallic lustre with variable concentrations of ochreous coating. Goethite was typically
ochreous and friable. Generally, these Fe-oxide minerals accounted for the majority of the
collected sample. Minor components observed in the samples were detrital material,
composed of chert, shale and clay minerals. Visual observations were supported by
mineralogical quantification of representative samples. With the exception of two detrital
samples, the majority of samples had cumulative proportions of goethite and hematite
ranging from 15% to 66% and 21% to 39%, respectively (Tetra Tech, 2012).

Quantitative mineralogical results between the two sites were comparable. Goethite at
Christmas Creek ranges from 14 % to 47 % which is similar to the goethite range observed
at Cloudbreak. Likewise, hematite concentrations at Christmas Creek were between 19 %
and 56 % (Table 2-6). Excluding the detrital material analysed at the Cloudbreak site,
accessory minerals were consistent between the sites.

Geochemical Comparison

The following sections discuss the geochemical character of waste rock samples between
the two sites.

AcidBase Accouimg

At Christmas Creek 1.8% of the WRD samples exhibited PAF and 13% presented uncertain
characteristics, whereas as at Cloudbreak 8% exhibited PAF characteristics and 16% of the
samples exhibited uncertain characteristics. Waste rock at Christmas Creek appears to
have a lower acid generating potential than that at Cloudbreak (Figure 2-5).

Leachate and Metal Concentration Comparisons

The ASLP results for waste rock obtained from Cloudbreak and Christmas Creek sites were
subject to statistical comparison. Table 2-8 provides the results of the T-tests. While several
elements have statistically similar mean concentrations (p-value>0.05) there are enough
inconsistencies in the number of valid results above detection limit to suggest that any
extrapolation between sites is unadvised and not supported by the elemental concentrations

Christmas Creek Preliminary Waste Rock Characterisation of
Vasse WRD and Eyre Pit

1296580400-REP-R0001-01 24 January 2013 Page2-18



[E] TETRATECH

% ortescu
“The New Force in lron Ore

-

and leachate water quality content. Of particular note is the mean Cadmium result for

Christmas Creek.
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Figure 2-5 Comparison of MPA vs ANC for Christmas Creek (orange) and Cloudbreak
Samples (blue)
Table 2-8 T-test Results for Waste Rock and Waste Rock Leachate Comparison

mg/l mg/|
Al 40 636 36 579 112 1.0928 0.27 similar
As 41.4 28.2 82 2.6679 0.01 dissimilar
Cd 0.18 0.23 9 -0.3208 0.76 similar
Ca 949.4 2302 88 -4.78 <0.05 || dissimilar
Fe 430 050 387 750 120 2.1989 0.03 dissimilar
K 733 2023 92 -4.2741 <0.05 || dissimilar
Mg 758 1151 103 -4.123 <0.05 || dissimilar
Mn 3511 4009 107 -0.4034 0.69 similar
Pb 26.25 17.8 112 4.9346 <0.05 || dissimilar
Sb 2.76 2.3 119 2.4145 0.02 dissimilar
Se 2.6 2.17 19 1.1575 0.26 similar
Sr 11.93 23.7 103 -4.6499 <0.05 || dissimilar
Zn 47.52 36.8 118 2.3726 0.02 dissimilar
| sosisofleschatefromwesterok |

Al 0.018 0.02 108 -1.2595 0.21 similar
Cd 0.003 0.00005 64 2.9668 <0.05 || dissimilar
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Fe 0.031 0.03 89 0.4333 0.67 similar
K 1.298 2.51 103 -4.5915 <0.05 || dissimilar
Mg 2.328 2.318 115 0.0249 0.98 similar
Mn 0.027 0.004 65 1.8128 0.07 similar
Sr 0.048 0.099 66 -2.2133 0.03 dissimilar
zZn 0.038 0.022 123 5.0132 <0.05 || dissimilar

df equals degrees of freedom (n-1)
Set of values are similar if p-value is > 0.05

2.3.8 Changes in Groundwater Chemistry

The following sections provide a) a preliminary review of changes in groundwater chemistry
over time at Christmas Creek and b) a comparison of the chemical concentrations as seen in
the Christmas Creek waste rock leachate (as characterised be ASLP laboratory testing) and
the regional groundwater.

Groundwater Monitoring

For the purpose of completing this initial comparison, groundwater concentrations have been
sourced from 13 wells in the region. As some wells have multiple sample depths, these
provide a total of 31 individual sampling locations. Records for each of these sampling
locations were available for the period 2007 to 2012. Of the 150 records available for this
period, 106 are for the period post the commencement of land disturbing activities whilst 44
were available for the pre-disturbance period.

Well locations are shown on Figure 2-6.

Figure 2-6 Christmas Creek Pit Locations and Plotted Groundwater Bores
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Changes in Groundwater Chemistry over time

Figure 2-7 shows the groundwater composition on a piper diagram indicating a high degree
of water type variability. Box and Whisker plots of recorded groundwater chemistry are
shown in Figures 2-8 and 2-9. Mean and standard error plots are presented in Figures 2-10
and 2-11.

Statistical analysis of the pre and post disturbance concentrations of the analytes suggest
that the levels of pH, TDS, calcium, magnesium, potassium, aluminium and sulfate have not
changed appreciably since commencement of land disturbance activity in early 2009.
Similarly there have been no statistically significant changes in the concentrations of
aluminium, chromium and manganese.

In contrast, statistically significant (at the 95% confidence limit) changes have been seen the
results for Barium, Iron and Zinc; each appearing to have increased over time. Whilst there
was ho statistically significant change in the mean aluminium result, some of the individual
results were notable high in the post disturbance results.

Christmas Creek Preliminary Waste Rock Characterisation of
Vasse WRD and Eyre Pit
1296580400-REP-R0001-01 24 January 2013 Page2-21




























































