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Mineral Resources and Ore Reserves update
South32 Limited (ASX, LSE, JSE: S32) (South32) is pleased to announce changes to its
estimates of Mineral/Coal Resources and Ore/Coal Reserves for three of its key operations:
Cannington, Groote Eylandt Mining Company (GEMCO) and Illawarra Metallurgical Coal.
The company reports:


Cannington- a 21% increase in total Mineral Resources;



GEMCO- Ore Reserves for the sand tailings (Sands) associated with the Premium
Concentrate Project (PC02) for the first time, and the upgrading of in situ (ROM)
Mineral Resources from Indicated to Measured and the downgrading of ROM Ore
Reserves from Proved to Probable; and



Illawarra Metallurgical Coal- upgrades to Coal Resources (following additional
drilling) and Coal Reserves (as a result of obtaining extraction approvals for future
longwall panels) for Illawarra Metallurgical Coal.

The estimates of Mineral Resources and Ore Reserves (including Coal Resources and Coal
Reserves) are reported in accordance with the Australasian Code for Reporting of
Exploration Results, Mineral Resources and Ore Reserves, 2012 (JORC Code) and the
ASX Listing Rules. This report summarises the information contained in each of the JORC
Code Table 1 appendices prepared in connection with this report which are attached, have
been submitted to UK Listing Authority (UKLA) national storage mechanism and are
available for inspection at http://www.morningstar.co.uk/uk/NSM or are otherwise available
on South32’s website at http://www.south32.net.

Increase in estimated Mineral Resources at Cannington
South32 confirms a 21% increase in estimated Mineral Resources at Cannington compared
to the previous 30 June 2014 estimate (Table 2 and Table 3). The increase is due to
changes in foreign exchange rates and commodity prices as well as the inclusion of Mineral
Resources previously excluded in areas identified to transition from open cut to underground
and along the perimeter of the potential open cut pit shell offset by depletion. The updated
Mineral Resource estimates do not materially affect the Ore Reserve estimates.
Cannington,100% owned by South32, is located in northwest Queensland, 200 km south east
of Mount Isa, near the township of Mckinlay in Australia.

Registered Office: Level 35, 108 St Georges Terrace, Perth Western Australia 6000, Australia
ABN 84 093 732 597 Registered in Australia

Estimate of Mineral Resources
Geology and geological interpretation
Cannington is a Broken Hill Type (BHT) silver-lead-zinc massive sulphide deposit hosted by
Proterozoic age high-grade metamorphic lithologies of the Soldiers Cap Group, located in the
Eastern Succession of the Mount Isa Block.
Mineralisation is stratiform bound along the limbs of a tight isoclinal recumbent synform with an
easterly dip and a southerly plunge. The core of the synform is composed of amphibolites with
encompassing silver-lead-zinc sulphide mineralisation. The mineralisation has been divided into
nine types based on textural, mineralogical and geochemical characteristics which assist in
defining metallurgical performance.
Drilling techniques
Out of a total of 6,470 drill holes considered for this resource update, 6,396 are diamond core
and 74 are reverse circulation drill holes. 86% of the diamond core holes were drilled from
underground using a fan drilling pattern.
Sampling and sub-sampling techniques
All diamond core samples were halved and samples were collected on one metre (m) intervals
through the mineralised zone, including a visually identifiable buffer of at least six metres into the
non-mineralised core. The samples were submitted for preparation and analysis at the
Cannington on-site laboratory. The mineralised intersections are verified by mine geologists
throughout each drilling programme and field duplicates are within an acceptable range for
resource modelling.
Sample analysis method
Samples are crushed to a nominal 2mm with 25% representing the sample and the remaining
75% rejected. A sub-sample of 300g is pulverized to 90% passing 75 microns, subjected to a
three acid digest and analysed by Inductively Coupled Plasma – Optical Emission Spectrometry
(ICP-OES). Coarse crushed duplicates and laboratory pulp duplicates were undertaken at a
submission rate of one in ten samples and one in 100 samples were sent to an external
laboratory for analysis.
Laboratory quality assurance and quality control measures at the Cannington laboratory include
eight geological standards made of homogenized Cannington ore representing the range of
Mineral Resource grades.
Cut-off grade
Cannington is a polymetallic deposit and utilises an equivalent dollar value for a grade descriptor.
A cut-off dollar value equivalent representing the minimum required for potential economic
extraction has been determined as follows:



underground Mineral Resource cut-off of A$90/t (Dry Metric Tonnes); and
open cut Mineral Resource cut-off of A$45/t.
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Mining and metallurgical methods and parameters
Cannington has been operating as an underground long hole open stope mine for 18 years and
uses periodically updated performance data to establish its modifying factors. This includes
geological interpretations with defined mineralisation and waste lithology as well as metallurgical
recovery assumptions which are reconciled annually.
Estimation methodology
Resource estimation is performed by Ordinary Kriging (OK) interpolation for silver, lead, zinc and
iron which uses search criteria consistent with geostatistical models separately developed for all
the elements according to the appropriate geological controls. Inverse Distance weighting is
used to interpolate grades of minor elements: arsenic, bismuth and magnesium oxide. Validation
includes swath plots, visual inspection and alternate estimation method.
Specific gravity measurements from drill cores are used as the basis for estimating dry bulk
density in tonnage calculations for both mineralised and non-mineralised material.
Mineral Resource classification
Mineral Resources are classified based on drill spacing considering data density, data quality,
geological continuity and/or complexity and estimation quality (Table 1).
Table 1: Mineral Resources classification criteria for Cannington (Drillhole Spacing)
Category

East (m)

North (m)

RL (m)

UG*

OP**

UG*

OP**

UG*

OP**

Measured

15

25

12.5

25

15

25

Indicated

25

50

25

50

25

50

Inferred

>25

>50

>25

>50

>50

>50

*Underground

**Open Cut

Competent Person’s Statement
The information in this report that relates to Mineral Resources for Cannington is presented on a
100% basis and is based on information compiled by Tracy Fouet. Ms Fouet, a full time
employee of South32, is a member of the Australasian Institute of Mining and Metallurgy and has
sufficient experience relevant to the style of mineralisation and type of deposit under
consideration and to the activities being undertaken to qualify as a Competent Person as defined
in the 2012 Edition of the 'Australasian Code for Reporting of Exploration Results, Mineral
Resources and Ore Reserves'. Ms. Fouet consents to the inclusion in the report of the matters
based on her information in the form and context in which it appears.
Additional information is contained in Appendix 1.
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Table 2: Mineral Resources for Cannington as at 30 June 2015 in 100% terms
Measured Resources
Ore Type

Mt*

g/t
Ag

U/G Sulphide

47

201

O/C Sulphide

13

90

%
Pb

%
Zn

Indicated Resources
Mt*

g/t
Ag

5.53 3.66

14

127

3.66 2.21

7.9

58

%
Pb

%
Zn

Inferred Resources
Mt*

g/t
Ag

3.91 2.81

10

82 3.00 1.95

2.51 1.83

-

-

%
Pb

Total Resources

-

%
Zn

-

Mt*

g/t
Ag

%
Pb

%
Zn

71

170

4.86 3.26

21

78

3.23 2.07

South32
Interest

100%

*Million Metric Tonnes, g/t Ag- Grams per tonne of Silver, % Pb- Percent Lead, %Zn- Percent Zinc.
Notes:
1.
Cut-off grade: All metals used in the net value calculation for Mineral Resources and Ore Reserves were recovered into concentrate and sold.
UG Sulphide: Net value cut-off incorporating material revenue and cost factors and includes metallurgical recovery. Mineralisation at A$90/t averages 39g/t Ag, 1.36%
Pb and 1.67% Zn.
OC Sulphide: Net value cut-off incorporating material revenue and cost factors and includes metallurgical recovery. Mineralisation at A$45/t averages 21g/t Ag, 0.69%
Pb and 0.77% Zn.
2.
Mineral Resource information is inclusive of Mineral Resources that have been modified to produce Ore Reserves.
3.
All volumes are reported as dry metric tonnes.
4.
All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small differences may be present in the totals.

Table 3: Mineral Resources for Cannington as at 30 June 2014 in 100% terms
Measured Resources
Ore Type

Mt*

g/t
Ag

U/G Sulphide

42

226

O/C Sulphide

15

70

%
Pb

%
Zn

Indicated Resources
Mt*

g/t
Ag

6.18 3.86

11

147

3.04 2.12

1.2

67

%
Pb

%
Zn

Inferred Resources
Mt*

g/t
Ag

4.51 3.04

6.7

98 3.52 2.00

2.64 1.32

-

-

%
Pb

Total Resources

-

%
Zn

-

Mt*

g/t
Ag

%
Pb

%
Zn

60

197

5.57 3.50

16

70

3.01 2.06

South32
Interest

100%

*Million Metric Tonnes, g/t Ag- Grams per tonne of Silver, % Pb- Percent Lead, %Zn- Percent Zinc
Notes:
1.
As reported by South32 to the ASX, LSE and JSE in the South32 Information Memorandum, available at www.asx.com.au.
2.
South32 acquired the 100% interest in Cannington from BHP Billiton as a result of South32’s demerger from BHP Billiton. On 30 June 2014, that interest was held by
BHP Billiton. Further information in relation to the asset restructuring steps is available in South32’s financial results and outlook for the year ended 30th June 2015
(dated 24th August 2015).
3.
Cut-off Grades: All metals used in the net value calculation for Mineral Resources and Ore Reserves were recovered into concentrate and sold.
UG Sulphide: Net value cut-off incorporating material revenue and cost factors and includes metallurgical recovery. Mineralisation at A$90/t averages 48g/t Ag, 1.66%
Pb and 2.15% Zn.
OC Sulphide: Net value cut-off incorporating material revenue and cost factors and includes metallurgical recovery. Mineralisation at A$45/t averages 27g/t Ag, 0.85%
Pb and 0.90% Zn.
4.
Mineral Resource information is inclusive of Mineral Resources that have been modified to produce Ore Reserves.
5.
All volumes are reported as dry metric tonnes.
6.
All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small differences may be present in the totals.
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Update on estimates of Mineral Resources and Ore Reserves at
GEMCO
South32 confirms the first time reporting of Ore Reserves for Sands following approval of the PC02.
This update also includes upgrading of ROM Mineral Resources from Indicated to Measured and
downgrading of Ore Reserves from Proved to Probable. The upgrading of Mineral Resources is a
result of additional drilling in areas previously classified as Indicated Resources. Some of the
Measured Resources were converted to Probable Ore Reserves to reflect uncertainty in areas where
there was a difference of more than 10% between the “grade control model” ore volumes and “Mineral
Resource model” ore volumes. The Mineral Resources and Ore Reserves as at 30 June 2015 are
presented in Table 5 and Table 7 and a comparison to the previous estimates (as at 30 June 2014) is
presented in
Table 6 and Table 8.
GEMCO is owned by South32 (60%) and Anglo American (40%). GEMCO is located on Groote
Eylandt, Northern Territory, Australia, approximately 16 kilometres (km) from the town of Alyangula.
Estimate of Mineral Resources
Geology and geological interpretation
Groote Eylandt is predominantly composed of a basement of Proterozoic sandstones and quartzites
overlain on the western margin by a blanket of Cretaceous sediments which host the manganese
deposits. The orebodies comprise of pisolitic and oolitic manganiferous oxides thought to have been
chemically precipitated during sea level transgression and regression. Periods of subsequent tropical
weathering and preservation have facilitated a supergene enrichment process which has upgraded
the manganiferous oxides to what they represent today. The enrichment zone is stratiform in
character, relatively contiguous laterally, and ranges up to 11 metres in thickness.
Sands are produced as a by-product during the beneficiation of the GEMCO manganese ore from the
gangue constituents. These stockpiles and dams are a mixture of sand-sized particles and slimes
composed of manganese (pyrolusite and cryptomelane) and silica sands, with kaolinite and goethite
as the gangue minerals.
Stratigraphic modelling technique is deemed the most appropriate for modelling due to the thin tabular
nature of the mineralised horizon, sampling methodology, mining and processing method.
Drilling techniques
Since 1967, multiple exploration programs have been conducted at GEMCO comprising over 10,000
drillholes (totalling approximately 230,000 metres). For the ROM, 71% of the drilling is reverse
circulation technique (RC) and the remaining 29% is percussion and tri-cone drilling. For GEMCO
Sands, 124 push probe holes have been drilled.
Sampling and sub-sampling techniques
For the ROM, drill chip samples are collected and bagged from RC drillholes (whole sample) at 0.5
metre intervals downhole, with only the mineralised samples submitted for laboratory analysis. Field
reference samples are used at a rate of one in 60 and field duplicates collected at a rate of one in 30.
For Sands, samples were collected in one metre runs for geological logging and split in a single tier
riffle splitter. Half of the splits were combined into a single composite sample per drillhole for
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submission to the external laboratory, while the other portion of the split was reserved for further test
work.
Sample analysis method
All GEMCO samples are analysed using X-ray Fluorescence spectroscopy (XRF) with a glass bead
which is deemed appropriate for the style of mineralisation.
The samples from GEMCO ROM were analysed in the GEMCO laboratory until 2012, and have since
1
been prepared and analysed at Bureau Veritas (a NATA certified laboratory). Laboratory quality
assurance and quality control measures include regular standard calibrations using a certified
reference material, use of internal field and pulp duplicates and “round robin” assaying with external
laboratories.
All the samples generated from GEMCO Sands are also analysed at Bureau Veritas.
Cut-off grade
40% manganese washed product cut-off grade is used to define the ROM Mineral Resources. The
mineralised envelope includes some sub 40% inter-burden material that reports to tailings during
processing. Cut-off grade was determined based on a study completed in 2013. NPV analysis has
been used to confirm the appropriateness of this cut-off grade, which has been used to define the
ROM Mineral Resource for at least 10 years. For GEMCO Sands, no cut-off grade has been used
given all the material from the stockpile will be reclaimed and processed.
Mining and metallurgical methods and parameters
No assumptions on mining factors have been included in the resource estimation for the ROM as it is
part of the existing operation. A yield is calculated from the ROM samples and used in the Mineral
Resource estimate.
Bulk mining is considered suitable for reclaiming the Sands.
Estimation methodology
Resource estimation is performed by Ordinary Kriging (OK) interpolation for all major and minor grade
elements (Mn, Fe, SiO2, Al2O3, P, BaO, K2O, MgO, Na2O, CaO, SrO and TiO2) using search criteria
consistent with geostatistical models separately developed for all the elements according to the
appropriate geological controls.
Bulk density is assigned based on planimetric and stratigraphic domains for the ROM. A global bulk
3
density of 1.8 g/cm has been assigned for the Sands based on pilot test work.
Mineral Resource classification
Mineral Resources are classified by the Competent Person based on drill spacing considering data
density, data quality, geological continuity and/or complexity and estimation quality (Table 4).
Additionally, for the ROM, a minimum ore thickness of one metre and Mn product grade cut-off of
40% is used.

1

National Association of Testing Authorities (NATA) is the authority that provides independent assurance of technical
competence through a proven network of best practice industry experts for customers who require confidence in the delivery of
their products and services. NATA provides assessment, accreditation and training services to laboratories and technical
facilities throughout Australia and internationally.
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Table 4: Mineral Resources classification criteria for GEMCO
Drill Spacing (m)
Boundary Definition

Category
Measured

≤ 60mE* by 120mN**

30m past the last drillhole to be included

Indicated

≤ 120mE* by 120mN**

60m past the last drillhole to be included

Inferred

≤ 240mE* by 240mN**

120m past the last drillhole to be included

*mE- Metres East, **mN- Metres North

Table 5: Mineral Resources for GEMCO as at 30 June 2015 in 100% terms
Measured Mineral
Resources
Ore Type

ROM

Indicated Mineral
Resources

Inferred Mineral
Resources

Total Mineral
Resources

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

106

45.2

48

29

43.4

47

35

42.6

49

169

44.3

48

13

20.8

2.3

20.0

15

20.7

Sands

South32
Interest
%

60

*Million Metric Tonnes, % Mn- Percent Manganese
Notes:
1. Cut-off grade for Mineral Resources: >40% Mn washed product and ≥ 1m ore thickness for ROM, > 0% Mn in situ for
Sands.
2. Mineral Resource ROM tonnes are stated as in situ, manganese grades are given as per washed ore sample and
should be read together with their respective tonnage yields.
3. Mineral Resource Sands tonnes and manganese grades are reported as in situ.
4. Mineral Resource information is inclusive of Mineral Resources that have been modified to produce Ore Reserves.
5. All volumes are reported as dry metric tonnes.
6. All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small
differences may be present in the totals.

Table 6: Mineral Resources for GEMCO as at 30 June 2014 in 100% terms

Ore Type

Measured Mineral
Resources

Indicated Mineral
Resources

Inferred Mineral
Resources

Total Mineral
Resources

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

ROM

95

46.1

48

46

43.6

47

34

42.7

49

175

44.8

48

Sands

-

-

-

13

20.8

2.3

20.0

15

20.7

South32
Interest
%

60

*Million Metric Tonnes, % Mn- Percent Manganese
Notes:
1. As reported by South32 to the ASX, LSE and JSE in the South32 Information Memorandum, available at
www.asx.com.au .
2. South32 acquired the 60% interest in GEMCO from BHP Billiton as a result of South32’s demerger from BHP Billiton.
On 30 June 2014, that interest was held by BHP Billiton. Further information in relation to the asset restructuring
steps is available in South32’s financial results and outlook for the year ended 30th June 2015 (dated 24th August
2015).
3. Cut-off grade for Mineral Resources: >40% Mn washed product and ≥ 1m ore thickness for ROM, > 0% Mn in situ for
Sands.
4. Mineral Resource ROM tonnes are stated as in situ, manganese grades are given as per washed ore sample and
should be read together with their respective tonnage yields.
5. Mineral Resource Sands tonnes and manganese grades are reported as in situ.
6. Mineral Resource information is inclusive of Mineral Resources that have been modified to produce Ore Reserves.
7. All volumes are reported as dry metric tonnes.
8. All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small
differences may be present in the totals.
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Estimate of Ore Reserves
The declared Ore Reserves are based on the Mineral Resource estimate as at 30 June 2015.
Material and economic assumptions
GEMCO is an operating mine which commenced production in the 1960s using strip mining. The
depth of ore below the surface ranges from one metre to 40 metres with ore horizon thicknesses
ranging from 0.5 metres to six metres. The ROM ore is beneficiated on site before being transported
by road train to the ship loading area.
The PC02 is designed to feed a combination of reclaimed Sands tailings stockpiles and direct feed
from the concentrator sand tailings stream. A feasibility study was undertaken to review the viability
and the project was approved for execution in August 2014. The trial PC02 plant product was used to
test market, plant performance and to generate the value-in-use assumptions for the blended product.
Criteria used for classification
For the ROM, the Proved Ore Reserves are sourced exclusively from the Measured Mineral
Resources. The Probable Ore Reserves contain both Measured and Indicated Mineral Resources.
Some of the Measured Resources are converted to Probable Reserves to reflect the uncertainty in
areas where there was a difference of more than 10% between the grade control model ore volumes
and Mineral Resource model ore volumes. 6.6 million tonnes of Measured Resources are converted
to Probable Reserves. For Sands, all reserves are classified into Probable Ore Reserves. The Ore
Reserves as at 30 June 2015 are provided in Table 7 and reflect the Competent Person’s view of the
deposit.
Mining method and assumptions
Mining is entirely by open-cut strip. A 95% mining recovery is assumed with no mining dilution. The in
situ and run-of-mine moisture is assumed to be 10%. For Sands, a detailed design of PC02 was
completed during the feasibility study. The reclamation of the sand stockpiles is planned using
2
excavator loading into articulated trucks. The PC02 plant is designed to produce 0.5Mtpa (dry)
product. No mining dilution or mining loss has been considered. All planning for PC02 has been on a
dry basis.
Processing method and assumptions
The beneficiation process comprises size separation followed by dense media separation. It is
appropriate to the style of mineralization, and has been well tested for the operation.
An on-site pilot plant was installed as part of the pre-feasibility study. The pilot plant results are used
in the calculation of yield and the product was used for market acceptance testing. The pilot plant and
the feed used are considered representative of the Sands feed.
Cut-off grade
For the ROM, 40% manganese washed product cut-off grade for the overall horizon was used. There
is some sub-40% product grade within the mining horizons where there is higher grade below. NPV
analysis has been used to confirm the appropriateness of this cut-off grade, which has been used to
define the ROM Mineral Resource for at least 10 years. A thickness cut-off of 0.5 metres within the
orebody and one metre around the edge of the orebody has been considered.
2

Million Metric tonnes per annum.
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As reclaiming Sands is a stockpile recovery method, no grade cut-off is applied to the PC02 feed.
Estimation methodology
GEMCO uses BHP Billiton’s proprietary Blasor software for optimizing pit and strip sequencing. The
Ore Reserve estimate is based on the current Life of Asset Plan which sets the long term direction of
the operation and has been evaluated in financial models to ensure economic viability.
Material modifying factors
The mining areas are located on existing mining leases with appropriate environmental approvals in
place. The GEMCO mine has the necessary legal agreements and marketing arrangements to
support the annual production rate that underpins the Ore Reserves. As an existing operation,
sufficient infrastructure is available for the ROM.
For Sands, the infrastructure capital costs were derived during the feasibility study and the project is
currently in execution.
Table 7: Ore Reserves for GEMCO as at 30 June 2015 in 100% terms
Ore
Type

ROM
Sands

Proved Ore
Reserves

Probable Ore
Reserves

Total Ore Reserves

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

60

45.3

55

22

43.2

55

82

44.8

55

7.6

40.0

33

7.6

40.0

33

Reserve
Life years

South32
Interest
%

10

60

*Million Metric Tonnes, % Mn- Percent Manganese
Notes:
1. Cut-off grade for Ore Reserves: >40% Mn washed product and ≥ 1m ore thickness for ROM, > 0% Mn in situ for
Sands.
2. Ore Reserves tonnes are stated as ROM, manganese grades are reported as expected product and should be read
together with their respective tonnage yields.
3. Approximate drillhole spacings used to classify reserves were:
Proved Ore Reserves 60m x 120m and 60m x 60m
Probable Ore Reserves 120m x 120m
4. All volumes are reported as dry metric tonnes.
5. All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small
differences may be present in the totals.
6. Ore delivered to Process Plant.
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Table 8: Ore Reserves for GEMCO as at 30 June 2014 in 100% terms
Ore
Type

ROM

Proved Ore
Reserves

Probable Ore
Reserves

Total Ore Reserves

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

Mt*

%
Mn

%
Yield

78

45.0

58

16

42.6

57

94

44.6

58

Reserve
Life years

South32
Interest
%

11

60

*Million Metric Tonnes, % Mn- Percent Manganese
Notes:
1.
As reported by South32 to the ASX, LSE and JSE in the South32 Information Memorandum, available at
www.asx.com.au .
2.
South32 acquired the 60% interest in GEMCO from BHP Billiton as a result of South32’s demerger from BHP Billiton. On
30 June 2014, that interest was held by BHP Billiton. Further information in relation to the asset restructuring steps is
available in South32’s financial results and outlook for the year ended 30th June 2015 (dated 24th August 2015).
3.
Cut-off grade for Ore Reserves: >40% Mn washed product and ≥ 1m ore thickness for ROM, > 0% Mn in situ for Sands.
4.
Ore Reserves tonnes are stated as ROM, manganese grades are reported as expected product and should be read
together with their respective tonnage yields.
5.
Approximate drillhole spacings used to classify reserves were:
Proved Ore Reserves 60m x 120m and 60m x 60m
Probable Ore Reserves 120m x 120m
6.
All volumes are reported as dry metric tonnes.
7.
All tonnes and grade information have been rounded to reflect relative uncertainty of the estimate, hence small
differences may be present in the totals.
8.
Ore delivered to Process Plant.

Competent Persons’ Statements
The information in this report that relates to Mineral Resources for GEMCO is presented on a 100%
basis, represents an estimate as at 30 June 2015, and is based on information compiled by David
Hope.
The information in this report that relates to Ore Reserves for GEMCO is presented on a 100% basis,
represents an estimate as at 30 June 2015, and is based on information compiled by Mark Bryant.
Mr. Hope is a full time employee of South32 and Mr. Bryant is employed by Bryant Mining Pty. Ltd.
Both the named Competent Persons are members of The Australasian Institute of Mining and
Metallurgy and have sufficient experience relevant to the style of mineralisation and type of deposit
under consideration and to the activities they are undertaking to qualify as Competent Persons as
defined in the 2012 Edition of the 'Australasian Code for Reporting of Exploration Results, Mineral
Resources and Ore Reserves'. Each Competent Person consents to the inclusion in the report of the
matters based on his information in the form and context in which it appears.
Additional information is contained in Appendices 2 and 3.

Update on estimated Coal Resources and Coal Reserves at Illawarra
Metallurgical Coal
South32 confirms upgrades of estimated Coal Resources and Coal Reserves at Illawarra
Metallurgical Coal (as presented in Table 11 and Table 12). The increase in Coal Resources is due to
additional drilling for the past two years and the upgrading of Coal Reserves due to obtaining the
extraction approval granted for longwall panels 901-904. The previous estimate of Coal Resources
and Coal Reserves (as at 30 June 2014) is presented in Table 13 and Table 14 .
Illawarra Metallurgical Coal,100% owned by South32, is located in the Illawarra region of New South
Wales, Australia (near the city of Wollongong and approximately 75km – 90km south west of Sydney).
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Coal is hauled by road to the Port Kembla Coal Terminal for export to customers globally. Coal is also
sold domestically and, in case of BlueScope Steel, coal is delivered from the Dendrobium CPP by
conveyor or truck to the blending yard at BlueScope Steel’s Port Kembla steelworks.
Estimate of Coal Resources
Geology and geological interpretation
The Coal Resources are contained within the Late Permian Illawarra Coal Measures in the Southern
Coalfield, which is located in the southern portion of the Permo-Triassic Sydney Basin. The Coal
Measures contain up to nine individual coal seams. However, Coal Resources are only declared for
two of these coal seams, the Bulli and Wongawilli seams.
Drilling techniques
The geological database contains a total of 2,878 drillholes (of which 1,398 occur inside the mining
leases). All drilling completed to date to cover the coal seams is diamond core.
Sampling and sub-sampling techniques
Two sample types are collected, surface drill core samples and underground strip/channel samples.
The entire core is sampled over the chosen intervals and split by the laboratory to allow material to be
kept to ensure repeat analysis can be undertaken, if required. Quality control on the sub-samples is
managed in the laboratory by the reconciliation of all mass losses/gains at all stages of analysis.
Duplicate strip samples are collected from time to time to ensure representivity. Twinned holes are
generally not drilled as it is considered prohibitively expensive and it is not a routine practice within
the coal industry.
Sample analysis method
Coal cores are analysed at SGS’s Newcastle laboratory, which is NATA registered. The analysis is
designed to assess the metallurgical and thermal properties of coal as is common practice in the coal
industry.
Cut-off grade
Cut-offs used in the preparation of the resource estimates are minimal. No seam thickness cut-off has
been applied to the Coal Resource estimation. Depth of cover has not been used to limit or classify
resources.
Mining and metallurgical methods and parameters
The principal assumption made to assess the reasonable prospects of eventual economic extraction
has been that the principal method of extraction is via long-wall which has been used at the operation
for the last 30 years. While there is wash product data for each seam available, this was not a
criterion when defining the coal seam resource limits.
Estimation methodology
Finite Element Modelling is used for estimation of both structural and coal quality models and the grid
specifications for all area models were geostatistically derived. All models are 2D grid models with a
grid cell size of 100 metres x 100 metres.
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Illawarra Metallurgical Coal uses the Preston/Sanders method for changing from air dried basis to in
situ basis for density determinations.
Coal Resource Classification
Coal Resources are classified by the Competent Person considering various criteria; drillhole spacing,
quality of drillhole data (reliability) and the coverage of seismic data used to identify structures which
are critical to the economic viability. The equivalent drillhole spacing and seismic coverage used to
classify resources is provided in Table 9.
Table 9: Coal Resources classification criteria for Illawarra Metallurgical Coal
Category
Drill Spacing (m)
Seismic Coverage
Measured

<700

3D seismic or within 250m of a high resolution 2D
line

Indicated

<1,500

3D seismic or within 500m of a high resolution 2D
line

Inferred

<4,000

Not required

Estimate of Coal Reserves
The declared Coal Reserves are based on the Coal Resource estimates as at 30 June 2015.
Material and economic assumptions
Illawarra Metallurgical Coal has three operating underground mines, Appin, West Cliff and
Dendrobium with the raw product processed to produce a combination of a premium low-volatile
coking coal (greater than 80% of total product) for export and domestic markets and an export thermal
coal.
The principle applied in estimation is to deliver a conservative outcome in terms of Proved Coal
Reserves, but a realistic view of Total Coal Reserves.
Criteria used for classification
The coal classification incorporates the approval criteria laid out by the New South Wales(NSW)
Government, in addition to confidence in the stated Coal Resource and all modifying factors. The
criteria used are provided in Table 10 below.
Table 10: Coal Reserves Classification Criteria for Illawarra Metallurgical Coal
Category

Proved

Criteria




Only Measured Coal Resource
Within currently held Mining Leases
For secondary extraction (longwall), only those areas with approved extraction
plans

 Either Measured or Indicated Coal Resource
 Within current Development Consent boundaries
The Coal Reserves as at 30 June 2015 are provided in Table 12 and reflect the view of the
Competent Person.
Probable
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Mining method and assumptions
Mining at Illawarra Metallurgical Coal is entirely by longwall mining method which has been
successfully practised in the region for over 50 years. Average dilution across Illawarra Metallurgical
Coal operations is 10%. Typical coal loss is around 1.5%. Moisture is added during both the mining
and processing operations. In situ moisture is determined from exploration data and is the base point
for all moisture adjustments.
Processing method and assumptions
All coal produced is washed to yield a final product at Illawarra Metallurgical Coal’s two processing
plants. The major factor in processing is the removal of diluting material for Bulli Seam and coking
coal recovered for Wongawilli Seam.
Cut-off grade
A cut-off minimum seam thickness of 1.8 metres is used due to the capabilities of current equipment
and processes.
Estimation methodology
Data grids are generated in MineScape software. The grids hold the data required for the estimation
of Coal Reserves within the Xpac data base and scheduling models.
Material modifying factors
The mines have the necessary legal agreements and marketing arrangements to support the annual
production rate that underpins the Coal Reserve. The NSW Government’s Development Consent
process is the overarching environmental approval system governing Illawarra Metallurgical Coal’s
mining and processing activities. Illawarra Metallurgical Coal is a mature asset with all major
infrastructures available for ongoing operations at planned production levels. Commodity price
assumptions have been based on detailed global supply and demand modelling and are
benchmarked against commercially available consensus price forecasts. Operating costs are based
on historical performance and updated for current economic conditions.
Competent Persons’ Statements
The information in this report that relates to Coal Resources for Illawarra Metallurgical Coal is
presented on a 100% basis, represents an estimate as at 30 June 2015, and is based on information
compiled by Hugo Kaag.
The information in this report that relates to Coal Reserves for Illawarra Metallurgical Coal is
presented on a 100% basis, represents an estimate as at 30 June 2015, and is based on information
compiled by Matthew Rose. Both Mr. Kaag and Mr. Rose are full time employees of South32 and are
members of The Australasian Institute of Mining and Metallurgy and have sufficient experience
relevant to the style of mineralisation and type of deposit under consideration and to the activities they
are undertaking to qualify as Competent Persons as defined in the 2012 Edition of the 'Australasian
Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves'. Each Competent
Person consents to the inclusion in the report of the matters based on his information in the form and
context in which it appears.
Additional information is contained in Appendix 4.
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Table 11: Coal Resources for Illawarra Metallurgical Coal as at 30 June 2015 in 100% terms
Project

Measured Coal Resources

Indicated Coal Resources

Inferred Coal Resources

Total Coal Resources

South32
Interest

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

%

Appin

153

23.8

11.2

0.37

254

24.2

12.6

0.36

289

23.8

13.5

0.36

696

24.0

12.7

0.36

100

West Cliff

17

21.5

12.4

0.35

20

20.7

11.9

0.34

68

20.0

13.9

0.33

105

20.3

13.3

0.34

100

Dendrobium

77

23.7

29.4

0.59

125

23.0

29.8

0.58

83

23.0

29.3

0.58

285

23.2

29.5

0.58

100

Cordeaux

5.2

21.1

28.7

0.58

119

21.5

29.2

0.56

75

22.2

29.5

0.57

199

21.8

29.3

0.57

100

Table 12: Coal Reserves for Illawarra Metallurgical Coal as at 30 June 2015 in 100% terms

Deposit

Proved
Coal
Reserves

Probable
Coal
Reserves

Total Coal
Reserves

Proved Marketable
Coal Reserves

Probable Marketable
Coal Reserves

Total Marketable
Coal Reserves

Reserve
Life

South32
Interest

Mining
Method

Coal
Type

Mt

Mt

Mt

Mt

% VM

%
Ash

%S

Mt

%
VM

%
Ash

%S

Mt

%
VM

%
Ash

%S

Years

%

Appin

UG

Met/Th

34

118

152

29

24.1

8.9

0.37

98

25.0

8.9

0.36

127

24.8

8.9

0.36

23

100

West Cliff

UG

Met/Th

2.4

2.4

1.6

20.2

8.9

0.34

1.6

20.2

8.9

0.34

0.8

100

Dendrobium

UG

Met/Th

17

7.6

100

UG

Met

7.3

UG

Th

4.9

22

38
23.8

9.7
27

0.60

9.8
6.7

24.1

9.7
27

0.59

17
12

24.0

9.7

0.59

27

Mt- Million Metric Tonnes, VM- Volatile Matter, S- Total Sulphur, Met/Th- Metallurgical/Thermal, UG- Underground
Notes:
1. Tonnages are in situ moisture basis and quality is on an air-dried basis.
2. No seam thickness cut-off applied because the minimum thickness is economic.
3. Only geophysically logged, fully analysed cored holes with greater than 95% recovery were used to classify the reserves. Drillhole spacing was determined by geostatistical
analyses. The range of maximum spacing was:
Proved Coal Reserves: <700m
Probable Coal Reserves: <1500m
4. Process recoveries for the operations: Appin 84%; West Cliff 67%; Dendrobium 75%.
5. Total Coal Reserves are at the moisture content when mined (6% Appin and West Cliff, 7% Dendrobium). Total Marketable Coal Reserves are the tonnes of coal available, at
moisture content (9% Appin and West cliff, 15.5% Dendrobium Met, 7% Dendrobium Th) and air-dried qualities, for sale after the beneficiation of the Total Coal Reserves.
6. Coal delivered to wash plant.
7. The cut-off criteria applied for Coal Reserves was ≥ 1.8m seam thickness.
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Table 13: Coal Resources for Illawarra Metallurgical Coal as at 30 June 2014 in 100% terms
Project

Measured Coal Resources

Indicated Coal Resources

Inferred Coal Resources

Total Coal Resources

South32
Interest

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

Mt

%VM

%Ash

%S

%

Appin

157

23.8

11.2

0.37

256

24.2

12.6

0.36

289

23.8

13.5

0.36

702

24.0

12.7

0.36

100

West Cliff

21

21.3

12.3

0.36

21

20.7

11.9

0.34

68

19.9

13.9

0.33

110

20.3

13.3

0.34

100

Dendrobium

86

23.7

29.8

0.59

91

23.1

29.8

0.58

118

22.8

29.4

0.58

295

23.2

29.6

0.58

100

Cordeaux

5.2

21.1

28.7

0.58

109

21.5

29.1

0.56

85

22.1

29.0

0.57

199

21.8

29.0

0.57

100

Table 14: Coal Reserves for Illawarra Metallurgical Coal as at 30 June 2014 in 100% terms
Proved
Coal
Reserves

Probable
Coal
Reserves

Total Coal
Reserves

Proved Marketable
Coal Reserves

Probable Marketable
Coal Reserves

Total Marketable
Coal Reserves

Reserve
Life

South32
Interest

Deposit

Mining
Method

Coal
Type

Mt

Mt

Mt

Mt

% VM

% Ash

%S

Mt

%
VM

%
Ash

%S

Mt

%
VM

%
Ash

%S

Years

%

Appin

UG

Met/Th

24

133

157

20

23.5

8.9

0.37

112

24.9

8.9

0.36

132

24.7

8.9

0.36

25

100

West Cliff

UG

Met/Th

5.4

0.4

5.8

3.8

20.6

8.9

0.36

0.3

20.1

8.9

0.36

4.1

20.6

8.9

0.36

2.0

100

Dendrobium

UG

Met/Th

21

24

45

8.9

100

UG

Met

8.6

UG

Th

5.2

23.8

9.7
23.0

0.59

9.9
6.3

24.2

9.7
23.0

0.59

18
12

24.0

9.7

0.59

23.0

Mt- Million Metric Tonnes, VM- Volatile Matter, S- Total Sulphur, Met/Th- Metallurgical/Thermal, UG- Underground
Notes:
1. As reported by South32 to the ASX, LSE and JSE in the South32 Information Memorandum, available at www.asx.com.au.
2. South32 acquired the 100% interest in Illawarra Metallurgical Coal from BHP Billiton as a result of South32’s demerger from BHP Billiton. On 30 June 2014, that interest was
held by BHP Billiton. . Further information in relation to the asset restructuring steps is available in South32’s financial results and outlook for the year ended 30th June 2015
(dated 24th August 2015).
3. Tonnages are in situ moisture basis and quality is on an air-dried basis.
4. No seam thickness cut-off applied because the minimum thickness is economic.
5. Only geophysically logged, fully analysed cored holes with greater than 95% recovery were used to classify the reserves. Drillhole spacing was determined by geostatistical
analyses. The range of maximum spacing was:
Proved Coal Reserves: <700m; Probable Coal Reserves: <1500m
6. Process recoveries for the operations: Appin 84%; West Cliff 71%; Dendrobium 67%.
7. Total Coal Reserves are at the moisture content when mined (6% Appin and West Cliff, 7% Dendrobium) . Total Marketable Coal Reserves are the tonnes of coal available, at
moisture content (9% Appin and West cliff, 13.5% Dendrobium Met, 7% Dendrobium Th) and air-dried qualities, for sale after the beneficiation of the Total Coal Reserves.
8. Coal delivered to wash plant.
9. The cut-off criteria applied for Coal Reserves was ≥ 1.8m seam thickness.
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Appendix 1
Cannington - JORC Code, 2012 Edition - Table 1
The following table provides a summary of important assessment and reporting criteria used at
Cannington for the reporting of Mineral Resources in accordance with the Table 1 checklist in The
Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves (The
JORC Code, 2012 Edition) on an ‘if not, why not’ basis.

Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

Criteria

Commentary

Sampling
techniques

 Sampling is based on 883 surface diamond drillholes, 74 surface reverse circulation
holes and 5,513 underground diamond drillholes totaling 810,123 metres.
 Field sampling protocols, outlined for Cannington, are followed to ensure sample
representivity.
 Drilling from underground is done on a fan pattern.
 One metre half core samples are crushed to a nominal 2mm of which 300 grams (g) is
pulverized to a 90% pass at 75 micron. A 50 g sample is then digested and presented
for ICP-OES assay.

Drilling
techniques

 The bulk of the data used for the resource estimation is based on logging and sampling
of LTK60 and NQ diamond drill cores collared from underground excavations (80% of
the 6,470 drillholes).
 Surface drilling is generally by RC drilling through the Cretaceous cover sequence with
HQ size diamond drilling ‘tails’ through the Proterozoic host rocks (16% of the data).
The remaining 4% of the data has been obtained from Percussion and RC drilling from
surface.
 64 underground and 420 surface drillholes have been orientated using a variety of
methods from downhole spear, Ballmark, Ezy-Mark since drilling began in 1990.

Drill sample
recovery

 Drill core recovery is measured per run length and recorded at the underground drill rig
site.
 Core recovery averages 98% across the Cannington orebody. Poor core recovery is
often experienced when drilling through the Trepell and Hamilton Fault zones. Material
within these fault zones are excluded from the Mineral Resource.
 No correlation is evident between sample recovery and grade and as such no sample
bias is evident.

Logging

 Diamond drill core geological logs consist of lithology, mineralization, structure,
alteration, mineralisation type and RQD.
 Drill core samples through mineralisation are marked up at one metre intervals with an
additional six metres into unmineralised material at either end of the mineralised zone.
 The entire length of the drill core is geologically logged and photographed.
 Drillholes designed specifically for geotechnical information are logged by geotechnical
specialists.
 The logging and degree of information collected is appropriate for supporting the
Mineral Resource estimate.

Sub-sampling
techniques
and sample
preparation

 One metre drill core samples are sawn using automatic core saws to obtain half core
samples.
 Sub-sampling techniques and sample preparation are considered appropriate for the
style of deposit.
 Quarter core field duplicates for Silver, Lead and Zinc are submitted at a rate of 1:10
samples.
 Although within acceptable range for resource modelling purposes, results of historical
field duplicate sampling of LTK60 and NQ core size, suggests that quarter core may not
have been appropriate quality control measure in areas of the deposit where large
galena crystal existed. As the deposit is maturing and mineralisation is becoming more
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Criteria

Commentary
disseminated, it is expected that the precision of future field duplicate results will
improve. A scatterplot of field duplicates is shown in Figure 4.
 The quality control procedures ensure field duplicates outside a 30% tolerance are
repeated and excluded from the database if necessary. These procedures ensure a
sufficient level of confidence in the sub-sampling techniques and sample preparation for
resource estimation purposes.

Quality of
assay data
and
laboratory
tests

 Cannington drillcore samples undergo three-acid digestion and analysed by ICP-OES
instrumentation which is appropriate for this style of mineralization.
 The Cannington laboratory QAQC includes coarse and pulp duplicates at a rate of 1:10
samples. Pulp duplicates are analysed using Atomic Absorption Spectroscopy (Silver
only) or by X-ray Fluorescence Spectrometry (Lead and Zinc). Coarse duplicate results
outside of 20% tolerance and pulp duplicate results outside 10% tolerances are
checked and the batch reassayed if required.
 During the period January 2003 to January 2012, eight matrix-matched Cannington ore
standards representing the range in Silver grades were submitted at an average rate of
one standard per underground drillhole.
 Standard return results for Silver show good precision and accuracy across all grade
ranges however results suggest a low bias for low Silver grades and a high bias for high
Silver grades from approximately 2008 to January 2012. Investigations using three
different analytical methods as well as an external laboratory, indicate that the
‘expected values’ for the standards are incorrect and the ‘true values’ fit the mean value
of the results. This therefore suggests that a bias does not exist. Four new matrixmatched certified standards to replace the existing standards are being sourced.
 Laboratory QAQC measures at the Cannington laboratory include two geological
standards (prepared and certified by Gannet Holdings Pty Ltd) made of homogenized
Cannington ore representing the range of resource grades. Standard calibrations using
a Certified Reference Material (CRM) - OREAS 32 Base Metal sulphide were also
undertaken.
 The Cannington laboratory submits 1:100 pulp samples to an external laboratory
(Bureau Veritas - Amdel Adelaide) for check assay. No material issues have been
reported with check assay results to January 2012 (Figure 5).

Verification of
sampling and
assaying

 Mineralised intersections are verified by mine geologists throughout each drilling
programme.
 Seven twinned RC drillholes were completed during the North Zone open pit area
drilling programme of 74 RC drillholes.
 No twinning of underground drillholes has been completed.
 Documentation, procedures and protocols are stored electronically in the South32 Cannington document management system.
 No adjustment to assay data has been undertaken.

Location of
data points

 Cannington uses a local planar grid which runs parallel to the Australian mapping grid
(AMG) true north.
 Drillholes collar locations are surveyed by Cannington surveyors using Leica Total
Station upon completion of each drill fan. Downhole surveys are completed using a
Maxibor downhole or Eastman camera surveys. Since 2009, a Reflex Gyroscopic tool
‘GyroSmart’ has been predominantly used for downhole surveys.
 Drillholes with missing collar or downhole survey data are checked and excluded from
the resource if they cannot be verified.

Data spacing
and
distribution

 Underground diamond drilling is conducted on 12.5m spaced sections along strike
(north-south mine grid). Drill fans are designed to obtain approximate east-west mine
grid and vertical spacing of 12.5m to 15m.
 This section spacing is sufficient to establish the degree of geological and grade
continuity necessary to support the reported Mineral Resource classifications.
 Drilling is composited using a two metre sample interval.

Orientation of

 Mineralisation is variable in dip (~40 to 70 degrees to the east).
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Criteria

Commentary

data in
relation to
geological
structure

 Consideration of a lower level of confidence is given to the resource classification
where sub-optimal vertical-only surface holes exist.
 Underground fan drilling is aimed to intersect mineralisation and faulting at as high an
angle as possible but limited drill sites can result in clustered data which has potential to
introduce a sample bias. Estimation techniques that decluster data, such as Ordinary
Kriging, are employed to reduce sample bias. Sampling bias at Cannington is not
considered to materially impact the resource estimate.

Sample
security

 Samples are tracked from the core shed through the onsite laboratory and assay
reported all within the acQuire database. Access to the acQuire database is controlled
with only data-entry licence holders having read-write access.
 The unsampled drill core and remaining half core is stored at the core shed.
 Pulp samples are stored within weather-proof storage containers.

Audits or
reviews

 Database audits have been undertaken as part of external resource audits of the
Cannington Mineral Resource in December 2004 and again in February 2011 by Golder
Associates Pty Ltd. An internal corporate audit was conducted in March 2010.
 No material findings were identified.

Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)

Criteria

Commentary

Mineral
tenement and
land tenure
status

 The Cannington Mineral Resource and Ore Reserves are entirely contained within
Mining Lease ML90059 (see Figure 2), which was granted to BHP Minerals Pty Ltd on 1
January 1995 for a term of 35 years. Ownership was transferred to BHP Billiton
Cannington Pty Ltd on 1st February 2015.
 The Cannington loading facilities at Yurbi include a concentrate shed and railhead, both
situated within Mining Lease ML90077 which was granted to BHP Minerals Pty Ltd on 1
January 1996 for a term of 35 years. Ownership was transferred to BHP Billiton
Cannington Pty Ltd on 1st February 2015.
rd
 The name change to South32 Cannington Pty Ltd was completed on 3 June 2015. A
location map is shown in Figure 1.

Exploration
done by other
parties

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Geology

 Cannington is a Broken Hill Type (BHT) silver-lead-zinc massive sulphide deposit
hosted by Proterozoic age high-grade metamorphic lithologies of the Soldiers Cap
Group, located in the Eastern Succession of the Mount Isa Block. The Proterozoic
lithologies are overlain by Cretaceous mudstones with thicknesses varying from 10
metres to 70 metres, increasing in depth towards the south-east.
 Mineralisation is stratiform bound along the limbs of a tight (70 to 90 metres wide)
0
0
isoclinal recumbent synform. The two fold limbs dip between 40 to 70 easterly with a
southerly plunge. The core of the synform is composed of amphibolites with
encompassing silver-lead-zinc sulphide mineralisation.

Drill hole
Information

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Data
aggregation
methods

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Relationship

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
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Criteria
between
mineralisation
widths and
intercept
lengths

Commentary
annually. No exploration results are being reported.

Diagrams

 All Figures referenced including plans of location, tenure, section of geology and scatter
plots are appended to this document (Annexure 1).

Balanced
reporting

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Other
substantive
exploration
data

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Further work

 Cannington is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Section 3 Estimation and Reporting of Mineral Resources
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

Criteria

Commentary

Database
integrity

 Assaying data from the Laboratory is electronically sent to a ‘holding’ SQL server
database for validation and approval by Cannington geologists prior to electronic
transfer to a ‘master’ geological database and made available for resource estimation.
 The raw drillhole data is stored in an acQuire SQL server relational database. The
acQuire database structure contains numerous internal consistency checks, as does
the Datamine Studio 3 software into which drillholes are imported.
 Access to the acQuire database is limited to specific users with a set hierarchy of user
authorities to ensure integrity of the data.

Site visits

 The Competent Person for Cannington Mineral Resource, based in Cannington
Regional Office, made frequent visits to the mine to oversee all the drilling, sampling
and QAQC activities.

Geological
interpretation

 The Ag-Pb-Zn mineralised system at Cannington is complex and multi-phase, and is
associated with a diverse package of siliceous and mafic rocks with extensive
retrogression and alteration. A zoning of base metals is evident within the resource
which is deformed by the interpreted D2 isoclinal fold structure.
 The Cannington ores have been subdivided into nine mineralisation types based on
base metal geochemistry, trace element geochemistry, mineralogy, structural position
and texture. The method was determined to be suitable for the style of mineralisation.
 The sinistral (northside up) Trepell Fault divides the deposit into North and South
Zones. Material within the Trepell Fault is excluded from the resource estimate.
 Other major faults such as the Hamilton Fault and Bird Faults in the South Zone are
used to aid interpretation but are not used in the resource estimation process due to
their highly localised and inconsistent disruption to mineralisation. A sectional view is
shown in Figure 3. Structural and mineralisation type domains are used to constrain the
estimate within zones of continuous geological and grade and minimise the effect of
local disruptions to mineralisation by the Hamilton and Bird Faults.

Dimensions

 The Cannington Mineral Resource extends 2,050m along strike, 960m plan width and
896m vertically.
 Mineralisation terminates to the north at the overlying Cretaceous unconformity.
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Criteria

Commentary

Estimation
and modelling
techniques

 Drillhole samples are flagged to individual mineralization types, lithologies and metal
zones using interpreted strings on 12.5m sections, then composited to 2m.
 Grade zoning into high and low grade categories of material is considered appropriate
because of the generally sharp transition between higher grade portions and the lower
grade portions of the deposit.
 Structural domains are defined on local orientations of the mineralization type and
assigned to samples. Variography is undertaken on the composited drillhole data for
each structural domain.
 Grade is interpolated into blocks of 8mE x 12.5mN x 8mRL size using an Ordinary
Kriging grade interpolator for silver, lead and zinc in Datamine Studio 3 mining software.
The block size selected is deemed appropriate for detailed stope design and mine
planning.
 Grade interpolation is run in three passes, with search ellipse dimensions related to
modelled variography ranges for each domain.
 Octant based sample searching and limiting the maximum number of samples from a
single drillhole are used to assist in declustering.
 Inverse Distance weighting was used to interpolate grades of minor elements of iron,
arsenic, bismuth and magnesium oxide. Iron is used in the estimation of bulk density for
tonnage calculation whilst the remaining elements impact on the efficiency of the
processing recoveries.
 Outlier analysis (top cutting) was assessed using a metal-at-risk approach and resulted
in no top cuts being applied.
 Inverse distance weighting was used as a check estimate for Ag, Pb, Zn and Fe to
compare with the Kriged estimates.
 Global validation between global mean grades from drillhole composite data and the
block estimates is statistically assessed and visually assessed using swath plots. In
addition, the resource estimate is compared to previous estimates by analysing the
changes, both globally and locally, within planned stopes.

Moisture

 The Mineral Resource is estimated on a dry basis.

Cut-off
parameters

 Cannington being a polymetallic deposit utilises an equivalent dollar value (DolBEE) for
a grade descriptor. DolBEE considers the remaining gross value of the insitu metal
once mill recovery, royalty and concentrate transport and treatment costs have been
considered.
 The DOLBEE has been updated using April 2015 corporate guidance for Ag, Pb and Zn
prices, foreign exchange rates, treatment and refining charges.
 A cut-off dollar equivalent value of A$90/t for underground Resource and A$45/t for
open pit Resource has been applied. These cut-off values have been determined as the
minimum required for potential economic extraction by suitable underground or open pit
mining methods respectively.

Mining factors
or
assumptions

 Cannington has been operating as an underground long hole open stope mine since
1997. The mining method is appropriate to the style of the Cannington deposit.
 Geological interpretation has defined mineralisation and waste lithologies. When stopes
are designed any internal waste is assigned a zero grade.
 Upon completion of the Resource model, all previous mined stopes and development
are depleted from the model and assigned a zero grade.

Metallurgical
factors or
assumptions

 The dollar equivalent value includes an assumption of recovery based on historical
recoveries at Cannington. These recovery assumptions are updated annually to include
reconciled recovery from the preceding year’s production.

Environmental factors or
assumptions

 Cannington is an operating underground mine with known environmental impacts of
mining and processing. A large proportion of the gangue material from the mill
processing is mixed with cement and pumped back underground to backfill emptied
stopes. Small volumes of waste rock are trucked to surface and confined to the base of
the ROM pad.
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Commentary

Bulk density

 Bulk density measurements have been obtained in campaign programs since 1997
using the Archimedean water displacement technique.
 Density has been estimated in the block model using regression relationships between
measured bulk density and block grades, according to interpreted Mineralisation Type.
 The density algorithm for each Mineralisation Type was updated in 2007 and again in
2012 to incorporate additional drill core density measurements (Archimedean
technique) and stope grab samples.
 It has been assumed that the bulk density is equivalent to the dry in situ density as
macro-porosity of the Cannington deposit is approximately 0% by volume and free
moisture content is also approximately 0% by weight.
3
 All mined stopes are allocated a default paste density of 2.2 g/cm and development is
assigned a density of zero.

Classification



Drill spacing based on the geostatistical analysis of geology and grade continuity was
used to determine the classification of the Mineral Resources categories. The table
below illustrates the classification criteria for the underground and open pit categories
respectively. The results appropriately reflect the Competent Person view of the
deposit.
Category

East (m)

North (m)

RL (m)

Underground

Open
cut

Underground

Open
cut

Underground

Open
cut

Measured

15

25

12.5

25

15

25

Indicated

25

50

25

50

25

50

Inferred

>25

>50

>25

>50

>50

>50

Audits or
reviews

 An independent audit of the Cannington Mineral Resource was undertaken in
December 2004 and again in February 2011 by Golder Associates Pty Ltd.
 Internal audits were conducted in March 2010 and again in 2012.
 No material issues were identified.
 As part of the demerger, an independent expert (Xstract Mining Consultants) produced
an independent Competent Persons report for the Cannington included in the March
2015 Information Memorandum. This process provides a robust comparison point for
the resource and reserve process. There were no material issues identified by the
independent expert.

Discussion of
relative
accuracy/
confidence

 Cannington has employed a detailed methodology for constructing block models that
has been audited internally and externally, most recently by Golder Associates in 2011.
Golder identified actions in the areas of assay, database and resource modelling, none
of which were material risks.
 A review of the Cannington laboratory analytical procedures and instrumentation as well
as a review of the current Mineral Resource estimation process are amongst a number
of studies currently in place.
 The estimate is considered to be a global estimate.
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Annexure 1 - Figures

Figure 1: Regional Location Plan
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Figure 2: Cannington Mining Lease ML90059
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Figure 3: Simplified sectional view of Cannington

Figure 4: Normal Scatterplot, Field Duplicate Silver
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Figure 5: Normal scatterplot, D sample submissions, silver
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Appendix 2
GEMCO (ROM) – JORC Code, 2012 Edition - Table 1
The following table provides a summary of important assessment and reporting criteria used at
GEMCO for the reporting of Mineral Resources and Ore Reserves of in situ mineralisation (ROM) in
accordance with the Table 1 checklist in The Australasian Code for Reporting of Exploration Results,
Mineral Resources and Ore Reserves (The JORC Code, 2012 Edition) on an ‘if not, why not’ basis.
Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

Criteria

Commentary

Sampling
techniques

 Sampling is predominantly based on reverse circulation drilling.
 Since 1967, a total of 244,573 metres of exploration and resource definition drilling has
been completed.
 All the drillholes in the database have been assessed on individual merit to determine
the validity of including all or part of their data for geological model and resource
estimation.
 Drill chip samples are collected (whole sample) at 0.5 metre intervals downhole with
only the mineralised samples submitted for laboratory analysis.
 Samples are crushed and wet screened using a 0.5mm screen. Weight of +0.5mm size
fraction is compared to the original sample weight to calculate yield.
 A sub sample of 200g, each from the original sample and +0.5mm size fraction is
analysed after pulverising to 90% passing 75 microns using X-ray fluorescent
spectrometer (XRF) using borate beads and atomic absorption spectroscopy (AAS).

Drilling
techniques

 Since 1994, samples have been collected using reverse circulation drilling with a face
sampling hammer bit (71%). Percussion drillholes (13%) and tri-cone drillholes (16%)
are also used for sampling.
1
 Since 2006, drilling has been done using a 5 /4 inch face sampling hammer bit.
 All drillholes are vertical with an average depth of 22 metres.

Drill sample
recovery

 Samples are weighed as received at the laboratory and compared with the expected
weight to determine sample recovery.
 The sample cyclone is inspected and cleaned at the end of each drillhole to minimise
contamination between drillholes. Where samples are wet, the cyclone may be cleaned
at the end of each drill rod.
 Comparison of sample recovery with Mn grade and yield do not demonstrate any
relationship. The reverse circulation drilling method is expected to preferentially create
finer material than expected when mining due to the nature of the drill bit, however this
bias only impacts sample yield, and not Mn grade.

Logging

 Drillholes are geologically logged to capture colour, lithology and texture.
 Samples are collected at a 0.5 metres interval downhole. Historically, logging was also
conducted on the basis of geological intervals at lithological and textural breaks.
 Approximately 87% of the geological logging intervals are 0.5 metres.
 Sufficient detailed geological information is captured to ensure characterization of the
stratigraphic profile according to the established geometallurgical parameters for
resource modelling. In addition, a small reference sub-sample is collected for each
sample interval in chip trays.
 The logging and degree of information collected is appropriate for supporting the
Mineral Resource estimate.

Sub-sampling
techniques
and sample
preparation

 There is no sub-sampling at the drill rig apart from those samples selected as field
duplicates.
 Samples collected are generally dry; however some intervals are wet as a result of
drilling below the water table. All samples are collected and bagged in a similar
manner, consequently sampling is deemed to be representative of the in situ material
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Commentary
collected.
 Field QAQC measures consist of the placement of an uncertified reference material
made up of local homogenised blasthole samples, at a rate of 1 per 60 samples. In
addition, field duplicates are collected at a rate of 1 per 30 samples using a single tier
riffle splitter. These samples are coded for differentiation in the geological log and
database. All field QAQC samples are presented to the laboratory as blind samples.

Quality of
assay data
and laboratory
tests

 The QAQC protocol includes the use and monitoring of field duplicates, uncertified and
certified reference material and independent laboratory checks.
 The laboratory participates in round robins with other external laboratories.
 Duplicate samples and external certified reference material are used to confirm the
precision and accuracy of analytical results. QAQC samples are nominally 1 in 20.
 All samples with greater than 5% XRF total variance are re-assayed.
 Laboratory sample yield is understood to be biased low compared to the process plant.
This is an outcome of the process of RC drilling and the method of screening used in
the sample preparation at the laboratory.
 The variance of the field and laboratory QAQC results for the reference materials and
the precision of the field duplicates are considered acceptable for resource modelling.

Verification of
sampling and
assaying

 Analytical results are assessed and verified by the laboratory prior to release. The
Geological Services team members undertake the data upload to GBIS and run a
series of validation and check queries during the data import and following the import.
 A small number of drillholes have been twinned (exploration tri-cone versus RC
hammer bit and RC versus diamond drillholes).
 A drillhole is classified as twinned if drilled within 10 metre of the original drillhole.
Assessment suggests there is a reasonable level of correlation between the twinned
holes in terms of grade and good correlation with respect to geology.
 The laboratory is audited every 18 months under the NATA quality assurance system
and has maintained its accreditation. Preparation analysis standard operating
procedures are available at the laboratory.
 No adjustment to assay data has been undertaken.

Location of
data points

 Drillholes are collected and stored in Map Grid of Australia, 1994 (MGA) grid
coordinate system, Zone 53L. See Figure 4.
 Drillhole collar locations are typically surveyed using a Trimble differential GPS (DGPS)
post drilling. Where satellite coverage is poor (heavy foliage) and no survey can be
conducted, the drillholes are registered to either the Lidar or topography surface. The
survey method is coded in the geological database.
 All drillholes are less than 50 metres in depth and as a result there is no requirement
for downhole survey.

Data spacing
and
distribution

 Drilling is planned and conducted regionally on 480 x 480 metre drill centres; further
infill closes the spacing down to 240 x 240 metres, 120 x 120 metres, then 60 x 60
metres if warranted.
 A drillhole spacing analysis was completed in 2014 and demonstrated that the 60 x 60
metre spacing was appropriate for resource classification.
 All samples were composited to 0.5 metres which is the dominant sample length.

Orientation of
data in
relation to
geological
structure

 All drillholes are vertical and are designed to intersect mineralised horizon at a right
angle. The mineralised horizons are horizontal to sub-horizontal in nature.

Sample
security

 All residual and pulp samples are stored at GEMCO in a secure facility which also
houses the diamond core and RC chip samples.

Audits or

 An internal audit was conducted during March 2014. Two findings were recorded
against sampling techniques and data:
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reviews

Commentary
o
o

QAQC performance for analytical testwork was not being assessed in a timely
manner to verify accuracy of results. Subsequently, the laboratory contracts
were amended to incorporate monthly performance reporting.
An independent audit had not been conducted on the geological database.
Subsequently, an independent database audit was completed in
August/September 2014, which did not identify any material issues.

Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)

Criteria

Commentary

Mineral
tenement and
land tenure
status

 Groote Eylandt Mining Company Pty. Ltd. (GEMCO) manganese asset is owned by
South32 (60 per cent) and Anglo American (40 per cent) and is located in the Gulf of
Carpentaria in the Northern Territory of Australia, illustrated in Figure 1.
 Groote Eylandt is Aboriginal Land as granted under the Aboriginal Land Rights (NT)
Act 1976 (ALRA). GEMCO’s obligations are chiefly embodied in various lease
documents including Mineral Leases and Special Purpose Leases, a Letter of
Understanding dated 13 May 1965 and an Agreement dated 16 September 2006.
These documents cover mining operations, a township, local communities, the Eastern
Exploration Leases and other aspects ancillary to the Company’s operations.
 The mineral and exploration licences associated with the GEMCO Mineral Resources
and Ore Reserves are presented in the table below. A tenement location plan is
included as Figure 2.
 The tenements are granted in accordance with the Northern Territory mining
legislation.
Lease

Area (ha)

Activity

Expiry

MLN 951

1,155

Mining & associated activities

20/07/2031

MLN 952

666

Mining & associated activities

20/07/2031

MLN 953

1,464

Mining & associated activities

20/07/2031

MLN 956

1,180

Mining & associated activities

16/09/2031

MLN 957

175

Mining & associated activities

29/09/2031

MLN 958

686

Mining & associated activities

29/09/2031

MLN 959

2,114

Mining & associated activities

29/09/2031

MLN 960

567

Mining & associated activities

29/09/2031

MLN 961

335

Mining & associated activities

29/09/2031

MLN 2

1.38

Power line lease

29/09/1989*

MLN 3

1.65

Bridge lease

24/07/1985*

ELR 28161

1,249

Exploration activities

16/11/2015

ELR 28162
3,165
Exploration activities
24/11/2015
*A Section 19(3) Land Use Agreement under the Aboriginal Land Rights (Northern
Territory) Act 1976 was executed by GEMCO and the Anindilyakwa Land Council on
the 22nd of September 2009 for the exact area of MLN 2 & 3. Until such time the
Department of Mines and Energy accepts or refuses the renewal applications for these
tenements, they remain current without an expiry date.
 All tenements are held in good standing, and there are no impediments to obtaining a
licence to operate in the area.
Exploration
done by other

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.
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parties
Geology

 Groote Eylandt is predominantly composed of a basement of Proterozoic sandstones
and quartzites overlain on the western margin by a blanket of Cretaceous sediments
which host the manganese deposits. The orebodies comprise pisolitic and oolitic
manganiferous oxides thought to have been chemically precipitated during sea level
transgression and regression. Periods of subsequent tropical weathering and
preservation has facilitated a supergene enrichment process which has upgraded the
manganiferous oxides to what they represent today. The enrichment zone is stratiform
in character, relatively contiguous laterally, and ranges up to 11 metres in thickness. A
simplified geology schematic and cross section of Groote Eylandt is included as Figure
3.

Drill hole
Information

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Data
aggregation
methods

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Relationship
between
mineralisation
widths and
intercept
lengths

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Diagrams

 All Figures referenced including plans of location, tenure, geology and drillholes are
appended to this document (Annexure 2).

Balanced
reporting

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Other
substantive
exploration
data

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Further work

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Section 3 Estimation and Reporting of Mineral Resources
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

Criteria

Commentary

Database
integrity

 The database is designed to import the collar and survey information, geological logs
and sampling and analytical results.
 During the import process data is loaded into holding tables for validation prior to
upload into the database proper. Queries in the database are also setup to code the
lithcodes, which are based on geological logging and assay results as well as the
lump/fines splits and yield type.
 Validation includes flagging unrealistic collar survey information, incorrect field names,
overlapping or missing intervals and assay results that are outside expected ranges or
absent. Validation of the geological transformation also highlights any mismatch where
the assay and geology data do not correlate with the expected codes. Manual recoding
of intervals is then required to resolve any issues.

Site visits

 Site visits are conducted regularly by the Competent Person and other personnel to
audit drilling, sampling and analytical activities. Additionally daily, weekly and monthly
inspections and audits are conducted by exploration and site supervisors to ensure
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Commentary
compliance to the required standards and procedures. No material issues were
identified.

Geological
interpretation

 The geological model is derived predominantly from drillhole data, but also includes
some mapping and outcrop information. There is a high level of confidence in the
geological interpretation which is supported by more than 50 years of mining.
 Stratigraphic ‘gaps’ are fixed using statistical modelling techniques to determine the
missing or unavailable data from the known information, and to manipulate the available
data to meet the required criteria for modelling.
 Two dimensional grids are generated once the stratigraphic ‘gaps’ are fixed with
additional outcrop geological information. The grids are triangulated (honouring known
data points) to produce surface wireframes which are used to constrain the resource
model and subsequent grade estimations.
 Grade and geological continuity is influenced by paleo (basement) topography which is
incorporated into the geological model.
 No alternative interpretations have been considered in the Mineral Resource given the
high level confidence in the existing interpretation.

Dimensions

 The Mineral Resource extends 20,000m along strike, 5,000m across strike and occurs
at surface and down to a depth of approximately 40m.

Estimation
and modelling
techniques

 Stratigraphic modelling was conducted in Vulcan using the FixDHD and GridCalc
modules. The geological model is derived predominantly from drillhole data, but also
includes some mapping and outcrop information.
 No top cuts have been applied to the data.
 The Mineral Resource has been estimated using an Ordinary Kriging (OK) estimation
technique, which is deemed appropriate to the style of mineralisation. Both the wet
screened/product and in situ head grades have been estimated for all major and minor
elements (Mn, Fe, SiO2, Al2O3, P, BaO, K2O, MgO, Na2O, CaO, SrO and TiO2) as well
as lump and fines yields.
 The estimation was constrained by hard boundaries between the ore horizon domains,
which were considered appropriate following assessment by contact analysis.
 Quantitative Kriging Neighbourhood Analysis was undertaken and two estimation
passes (400m X 400m X 4m & 1000m X 1000m X 10m) were determined appropriate.
Search parameters are consistent between planimetric domains resulting in a reduction
in the minimum number of samples for the first pass estimate.
 An octant based search was used with a maximum of four composites per octant in the
first pass, but no octant search in the second pass. Block discretisation of 6x6x1 (36
nodes) was also used for both passes. Finally sub-blocks were estimated at the parent
block support.
 Grade is interpolated into blocks of 120mE X 120mN X 0.5mRL size. The Vulcan
software package was used to undertake the estimate.
 The model was verified via visual comparison between input wireframes and drillholes
(stratigraphic domains and grades). The estimated grades appear to honour the sample
grades and do not show any signs of excessive grade smoothing, which is appropriate
given the nature of the deposit. Swath plots were also used to assess the reproduction
of local means and validate grade trends in three dimensions. A statistical comparison
between mean input and output grades was also conducted by domain.
 A comparison with previous estimates and production records has been conducted and
confirms the Mineral Resource estimate is suitable for long term mine planning.
 No assumptions have been made regarding the recovery of by-products.

Moisture

 The Mineral Resource is estimated on a dry basis.

Cut-off
parameters

 40% manganese washed product cut-off grade is used to define the Mineral Resource.
The mineralised envelope does include some sub 40% inter-burden material that
reports to tailings during processing.
 This cut-off has been assessed in numerous mining studies and is aligned with
marketing product specifications. NPV analysis has been used to confirm the
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Commentary
appropriateness of this cut-off grade, which has been used to define the Mineral
Resource at GEMCO for at least 10 years.

Mining factors
or
assumptions

 No assumptions on mining factors have been included in the resource evaluation other
than the inclusion of the inter-burden material in the estimation.

Metallurgical
factors or
assumptions

 A yield is calculated during the RC drillhole sample preparation, using the ratio of
screened to pre-screened weights for the sample to emulate the ore beneficiation
process, although this process involves screening only and does not consider the
additional benefit of heavy media separation. The Mineral Resource is therefore
reported in terms of in situ tonnes, washed grade and product yield.

Environmental factors or
assumptions

 No environmental factors have been applied in the Mineral Resource estimate.

Bulk density

 Density is assigned by planimetric and stratigraphic domain rather than being
estimated. Bulk density values have been updated on the basis of grade control
diamond core drilling density results. Where there are insufficient results the average
values have been maintained.
 Bureau Veritas have used a standard procedure to measure drill core density via a
water immersion method, where the core is wrapped in plastic. Only ore horizon
samples are assessed using a representative 100 to 400g sample of the core interval
(no over or underburden material has been analysed).
 Samples are weighed in air and when suspended in water to account for void spaces.

Classification

 Mineral Resource categories have been classified by the Competent Person on the
criteria described in the Table below based on geostatistical analysis:
Category

Criteria

Boundary Definition

Measured

Ore horizons Mid and Bot
Drill spacing ≤ 60mE by 120mN
Ore thickness ≥ one metre
Mn product grade ≥ 40%

30m past the last drillhole to be
included

Indicated

Ore horizons Mid and Bot
Drill spacing ≤ 120mE by 120mN
Ore thickness ≥ one metre
Mn product grade ≥ 40%

60m past the last drillhole to be
included

Inferred

Ore horizons Mid and Bot
Drill spacing ≤ 240mE by 240mN
Ore thickness ≥ one metre
Mn product grade ≥ 40%

120m past the last drillhole to be
included

Audits or
reviews

 An internal audit was conducted during March 2014. No material findings were were
identified the Mineral Resource estimate.
 As part of the demerger, an independent expert (CSA Global Pty Ltd) produced an
independent Competent Persons report for GEMCO included in the March 2015
Information Memorandum. This process provides a robust comparison point for the
resource and reserve process. There were no material issues identified by the
independent expert.

Discussion of
relative
accuracy/

 No analysis has been conducted to quantify the relative accuracy of the Mineral
Resource, however the resource model is deemed appropriate as a global estimate on
the basis of acceptable assay QA/QC results, understanding of the geology of the
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Commentary

confidence

deposit based on over 40 years of production and its continuity, comparison of input
and output grades via global averages and moving window statistics and investigation
of the washed Mn grade slope of regression demonstrating that the estimate does not
appear to be over smoothed.
 There has been no change in the resource modelling methodology; however a change
in the application of the bulk density values has resulted in an increase in the global
tonnage.

Section 4 Estimation and Reporting of Ore Reserves
(Criteria listed in section 1, and where relevant in sections 2 and 3, also apply to this section.)

Criteria

Commentary

 The FY2015 Ore Reserve is based on the FY2015 Mineral Resource estimate,
modelled in July 2014.
 Mineral Resources, inclusive of Ore Reserves have been reported at a 40% Mn
washed grade cut-off with a minimum of one metre of mineralisation thickness at the
periphery and an internal thickness of 0.5m. Diluted material which will be mined in
conjunction with Ore Reserves is also included in the reported resource.
Site visits
 The Ore Reserves Competent Person is based in Brisbane but has made several site
visits. The last site visit was May 2014, prior to the start of the planning cycle on which
the Ore Reserves were based. No major issues were identified.
Study status
 GEMCO is an operating mine having commenced production in the 1960s and is
represented as a thin, tabular ore body that is extracted using strip mining. The mining
extents are approximately 20 kilometres north – south and five kilometres east – west.
The depth of ore below the surface ranges from one metre to 40 metres with ore
horizon thicknesses ranging from 0.5 metres to 6 metres.
 Ore is beneficiated on site before being transported by road train 15 kilometres north to
the ship loading area at Milner Bay.
 The Ore Reserve is based on the current Life of Asset Plan. This plan is a detailed
optimised mine plan which sets the long term direction of the operation and has been
evaluated in financial models to ensure economic viability. The underlying production
schedule is shown in Figure 6.
Cut-off
 The cut-off parameters are 40% manganese washed product for the overall horizon.
parameters
There is some sub-40% product grade within the mining horizons where there is higher
grade below. Generally this sub 40% material will be washed out during processing.
NPV analysis has been used to confirm the appropriateness of this cut-off grade, which
has been used to define the Resource at GEMCO for at least 10 years.
 South32 also uses a threshold 0.5m ore thickness within the orebody and one metre
ore thickness around the edge of the orebody. These limits guide the placement of the
mining blocks.
Mining factors  Mining is entirely by open-cut strip mining (Figure 5) and is appropriate for this style of
or
mineralisation. GEMCO uses BHP Billiton’s proprietary ‘Blasor’ software for optimizing
pit and strip sequencing. The strip layout and mining extents are determined by:
assumptions
o The surface projections (pit limits) include the following standoffs:
- 10m from the lease boundary
- 50m from the lease boundary adjacent to Angurugu
- 25m from suspected or known sensitive vegetation (e.g. vine thickets)
- 250m from Angurugu River
- 100m from Emerald River tributary.
o 40m wide strips
o Strip length generally determined by:
- Edge of ore (one metre thick limit)
Mineral
Resource
estimate for
conversion to
Ore Reserves
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Commentary
















- Edge of Resource – limit of drill confidence
- Significant change in grade
- Width of existing void
- Surface exclusions.
The strips are cleared and topsoil as well as prestrip overburden (if required), is
removed with a loader or excavator and hauled by trucks to a previously mined area for
backfilling.
Typically, dozers pre-strip from a horizon that is 10 to 15 metres above the ore. D11
dozers push this overburden material into the void left by mining the previous strip and
therefore expose the ore.
Drilling and blasting of the ore occurs in most areas as required. Ore mining equipment
comprises an EX2500 excavator with Caterpillar 777 haulage trucks.
The mine production rate is based on the concentrator feed capacity, which over the
life of the asset, assumes 9.5 Mtpa (wet basis) in FY2016 rising to 10Mtpa (wet basis)
in FY2019.
Historically pit slopes have been the working slopes for the dozer push with the high
walls angled at 15 to 20 degrees. The side cut slope is angled at 34 - 45 degrees
depending on the quarry depth and location. The batter angle within the ore zone is
assumed to be vertical.
No mining dilution is included.
A 95% mining recovery is assumed for a long term basis. In the short term some
quarries have different recovery factors however these typically balance to 95%.
The in situ and run-of-mine (ROM) moisture is assumed to be 10%. The plant feed
moisture is assumed to change seasonally between 10% and 14%, with an average
value of 11.5% used for long term planning. This is used as a schedule factor, but as
the Ore Reserves are reported on dry basis, moisture is not used as a modifying factor
in the Ore Reserve model.
The key mining equipment used is tabulated below.
Equipment

Typical Rate (Mtpa)

D11 Dozer

1.8

Ex2500 Excavator (waste)

6.4

Cat 777 Truck (waste)

1.5

Ex2500 Excavator (ore)

8.2

Cat 777 Truck (ore)

1.1

Road Trains

1.5

 The general procedure used to generate the Ore Reserves incorporates the following:
o Strips are sized appropriately for the excavation equipment and limits are based on
cut-offs and optimisation. Strips are generally 600 metres to one kilometre long by
40 metres wide.
o An optimal pit shell is not created. Rather, strips are laid out based on physical
restrictions and cut-off assessments. Strips can go beyond the expected economic
limit with the actual mining limit determined by the optimiser.
o GEMCO relies on blending to determine product grade. As such the economic cutoff is a combination of depth, yield, blended product grade and Ore Reference
Price for the year. The deposit is not categorised on in situ grades and as such a
grade tonnage curve is not included.

South32 Mineral Resources and Ore Reserves Update

34

Criteria

Metallurgical
factors or
assumptions

Environmental

Infrastructure

Commentary
 Inferred Resources are included in the determination of the economic mining limit,
however the Inferred Resource included is at the periphery of the deposit and do not
underpin areas of Ore Reserve. Ore Reserve estimate is not sensitive to the inclusion
of Inferred Resources in the mine plan.
 As an existing operation sufficient infrastructure is available, or can be readily made
available, for the assumed production rates.
 The beneficiation process comprises size separation (screening / scrubbing) of the 0.65 millimetre material followed by dense media separation. It is appropriate to the
style of mineralization, and has been well tested for the operation.
 The yield estimates used for long term planning and the Ore Reserve are based on the
yields derived from drillhole samples. The yields are obtained from the total laboratory
yield with different geological domains used to split the total into lump and fine
proportions. Most of the resource drilling uses percussive or hammer techniques, which
pulverize the sample, thus changing the ore size distribution. As such, the size
distribution seen in the laboratory samples does not reflect what is being fed to the
beneficiation plant. That is, there is a significant amount of metallurgical yield testing
done, but it is not an exact representation of the plant process.
 To generate a better estimate of the beneficiation plant performance, yield modifying
factors are applied to the (domained laboratory) yields derived from drillhole samples.
These factors are based on the prior two years reconciliation and are:
o Lump product +10%
o Fine product +12%
 Unlike previous years these have been selectively applied. Blocks in C, G and AS
quarries have no adjustment applied. Blocks that have domained laboratory yields less
than 55% have the full correction applied, and blocks above 65% have no correction
applied. A linear transition between full application and no application occurs for blocks
that have domained laboratory yields between 55% and 65%.
 For the remaining life of asset the average yield is 55% (dry/dry), or 50% (wet/wet).
 A minor amount (0.05Mtpa) of G Quarry material is planned to be mined and screened,
then blended into the existing GEMCO Lump product. This material is assumed to have
a 90% recovery.
 The key element, Mn, is assayed, and the laboratory sampling shows a very good
representation of the product grades.
 Deleterious elements including Fe2O3, SiO2 and P are considered and included in the
value-in-use calculation used to determine product value relative to a standard
manganese ore.
 The mining areas are located on existing mining leases with appropriate environmental
studies and approvals in place.
 Mining overburden waste is returned to previously mined areas. No specific waste
characterisation or special placement regimes have historically been required or are
planned in the future.
 Processing waste, or tailings, is sized as slimes (approximately < 0.1mm), and sands
(typically > 0.1mm), and is disposed of in dedicated sands and slimes tailings storages
facilities (TSF). These tailings storage facilities are typically placed over mined out
areas and contain a mixture of above ground and below ground storage capacity. Prior
to mine closure these facilities will rehabilitated by capping with inert material and
topsoil and revegetating. The TSF sequence is reviewed as part of the long term mine
plan.
 A small portion of the processing waste is used as road base within the mine site.
 As an existing operation, sufficient infrastructure is available, or can readily be made
available, for the assumed production rates.
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Costs

 The quantity outputs from the Life of Asset are evaluated in a separate financial model
for more detailed financial analysis. The capital and operating costs are derived from
the equipment hours and equipment numbers required to meet the quantity schedule.
The capital and operating costs include mining, processing, waste disposal, haulage to
port, port handling, ship loading, township and administration costs.
 The equipment hourly operating costs are derived by calibration against actual costs.
The capital costs are based on a combination of previous projects, equipment purchase
prices and supplier estimates.
 All royalties are included in the Life of Asset financial model.
 On island transportation charges are included in the cost modelling. Off island
transportation charges are included in the ore revenue assumptions.
 Long term failure to meet specification is not possible as the Mn ore specification and
value-in-use calculation is reviewed annually.
 Exchange rates are provided by South32 corporate functions.
 Due to commercial sensitivities, assumptions on commodity price and NPV will not be
detailed.
 Manganese ore price is forecast using a value-in-use model that accounts for product
grade, product transportation cost, treatment charges and penalties that affect net
smelter returns. This provides a comparison to the Ore Reference Price for each
product. The Ore Reference Price and exchange rates are provided by South32
corporate functions.
 GEMCO is an existing operation and has a well-defined consumer base. The Ore
Reference Price reflects South32’s view on demand, supply and stock situations
including customer analysis, competitor analysis, identification of major market
windows and volume forecasts.
 The discount rate and inflation rates used in the financial model are commercially
sensitive and not detailed here.
 The NPV is most sensitive to changes to the revenue assumptions.
 A process exists at GEMCO where final consent to mining by the Traditional Owners is
only given when the area is about to be cleared. This is considered part of the normal
course of business. As no formal register currently exists for these sites where consent
to mining will not be given, a risk exists that there will be an area included in the Ore
Reserves that will not be accessible to mining. This is unlikely to have a material effect
to the Ore Reserves.
 The mine has the necessary legal agreements and marketing arrangements to support
the annual production rate that underpins the Ore Reserve.
 There are no known naturally occurring risks that affect the GEMCO Ore Reserve.
Short term operations disruption may occur, but this will not affect the overall Ore
Reserve.
 Some of the GEMCO products are classified as “Group A Cargo” under the
International Maritime Solid Bulk Cargoes (IMSBC) Code. As a result, adherence to the
Transportable Moisture Limit requirements has been a recent focus for GEMCO.
Operational controls have been put into place and it is not expected that TML issues
will affect the total Ore Reserve.
 The Competent Person has determined that the relative accuracy and confidence in the
Ore Reserve estimate is appropriate to declare a reserve.
 The Proved Ore Reserve has been sourced exclusively from the Measured Mineral
Resource.
 The Probable Ore Reserve contains both Measured and Indicated Mineral Resource.
Some of the Measured Resources were converted to Probable Ore Reserve to reflect
the Competent Person’s view of the geological uncertainty in areas where there was

Revenue
factors

Market
assessment

Economic

Social

Other

Classification
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Audits or
reviews






Discussion of
relative
accuracy/
confidence











more than 10% difference between the grade control model Ore volumes and Mineral
Resource Model Ore Volumes.
Approximately 30% of the Probable Ore Reserve is derived from Measured Mineral
Resources.
No external audits or reviews of the FY2015 ROM Ore Reserve estimate have been
undertaken.
An internal risk review of the Ore Reserves has been undertaken and no material risks
were identified.
An internal review of the predicted yield was conducted and the results have been
incorporated into the FY2015 Ore Reserves.
As part of the demerger, an independent expert (CSA Global Pty Ltd) produced an
independent Competent Persons report for GEMCO included in the March 2015
Information Memorandum. This process provides a robust comparison point for the
resource and reserve process. There were no material issues identified by the
independent expert.
There has been a significant amount of operating history within the GEMCO operating
areas. The resource modelling and reserve estimation techniques are robust and well
understood for the majority of the existing mining areas. As the mine moves to new and
peripheral areas, further refinement of the modelling techniques will be required.
The Competent Person has determined that the relative accuracy and confidence in the
Ore Reserve estimate is appropriate to declare a reserve. While it has been built up
using localized factors, it should be considered a global estimate, with both positive and
negative adjustments expected as areas are mined.
Quarterly reconciliations show the Ore Reserve ROM volume predicted correlates well
with the ROM volume actual mined, however the extents of the ore around the
periphery of the deposit are not accurately represented by the current model. These
minor differences are not material to the overall Ore Reserve estimate, but may cause
some short term operational difficulties.
During FY2015 a reconciliation process was performed to calculate and analyse the
relative accuracy of production against the forecast Ore Reserves. The reconciliation
for the period FY2015 Quarter 1 to FY2015 Quarter 3 (1 July 2014 to 31 March 2015) is
tabulated below. The site reported F1 and F2 reconciliation has been adjusted to a dry
basis to match the F3 reconciliation basis.
Reconciliation summary
Reconciliation FY2015

Tonnes

Mn Grade

Yield

Grade control / Reserve (% basis) F1

98%

100%

na

Process feed / Grade control F2

93%

na

na

Market sales / Reserve (% basis) F3

90%

99%*

101%

* Due to the size of the ROM stocks at GEMCO, small changes in the estimated ROM grade influence the
calculation of the metal recovery. The comparison of Bin (actual) grades with grade control expected,
excluding any stockpile balancing, showed 99% reconciliation.
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Annexure 2 - Figures

Figure 1: Regional location Plan

Figure 2: Tenement location plan
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Figure 3: Simplified geology of Groote Eylandt (from Ferenczi, after Bolton et al. 1990)
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Figure 4: Drillhole location plan
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Figure 5: Mine method schematic

Figure 6: GEMCO mine production schedule
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Appendix 3
GEMCO (Sands) – JORC Code, 2012 Edition - Table 1
The following table provides a summary of important assessment and reporting criteria used at
GEMCO (Sands) for the reporting of Mineral Resources and Ore Reserves in accordance with the
Table 1 checklist in The Australasian Code for Reporting of Exploration Results, Mineral Resources
and Ore Reserves (The JORC Code, 2012 Edition) on an ‘if not, why not’ basis.
Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

Criteria

Commentary

Sampling
techniques

 The total drillhole database covers a region bounded by 655,000mE to 657,000mE and
8,452,000mN to 8,454,000mN (in MGA).
 Sampling is based on 124 push probe holes totalling 1,472 metres, completed on the
available sand tailing stockpile and dam areas. These included the C41, Mt Sekars, Old
Crusher stockpiles and Dam 8.
 Table below details a breakdown of the drillholes by location.
Location

Holes

Metres

C41 stockpile

13

143

Mt Sekars stockpile

34

404

Dam 8

61

811

Old Crusher Tails stockpile

16

114

 All the drillholes in the database have been assessed on individual merit to determine the
validity of including all or part of the data for geological model and resource estimation.
 Samples were collected in one metre runs for geological logging and split in a single tier
(50:50) riffle splitter.
 Half of the splits were combined into a single composite sample per drillhole for
submission to the external laboratory, while the other portion of the split was reserved for
further test work.
 All samples were prepared and analysed at the Bureau Veritas Australia Laboratory in
Adelaide (Amdel) which is certified to ISO 9001 and NATA.
A sub sample of 200g, each from the original sample, is analysed using X-ray fluorescent
spectroscopy (XRF). Subsamples were also subjected to heavy liquid separation (HLS)
testing at a number of density cut points and size fractions to test potential processing
results.
Drilling
techniques

 All drillholes are vertical push probe drilling with an average depth of 12 metres.

Drill sample
recovery

 Samples are weighed as received at the laboratory and compared with the expected
weight to determine sample recovery.
 PVC core tube was used to minimise contamination between sample intervals. Where
samples are drilled wet, additional geological logging record whether there was
compression or loss in each interval as well as recovery.
 Comparison of sample recovery with Mn grade does not demonstrate any relationship.

Logging

 Drillholes are geologically logged for lithology and texture at one metre intervals
downhole.
 Sufficient information is captured to characterise the material type (sand), sample
condition and grain size. The geological logging is used to define pseudo-stratigraphic
units and enable the construction of topography and basement contact grids to be
calculated, in conjunction with other supporting (survey) information.
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 Information is captured on paper and imported into a Microsoft Access database.
 One metre intervals are photographed and stored in a server.
 The logging and degree of information collected is appropriate for supporting the mineral
resource estimate.

Sub-sampling
techniques
and sample
preparation

 The one metre sample interval is split using a single tier riffle splitter (50:50).
 Half of the sample is used to create a single composited sample for the entire drillhole,
while the second portion of the split is reserved for other analytical work.
 Due to nature of the material, samples are generally moist to wet. This is representative
of the in situ material.
 Samples are analysed using XRF method, which is deemed appropriate for the
mineralisation style
 one in thirty samples are submitted as field duplicates to confirm the representivity of the
collected sample.
 Sample size is considered appropriate for the grain size of the Sands.

Quality of
assay data
and
laboratory
tests

 The QAQC protocol includes use and monitoring of field duplicates, and certified
reference material (CRM).
 Amdel uses four certified reference material. Review of the CRM results suggests that
the analytical results are acceptable for resource modelling.
 Laboratory repeats were conducted randomly during processing. The correlation
between the samples has a coefficient of 1.00.

Verification of
sampling and
assaying

 Analytical results are assessed and verified by the laboratory prior to release. The
Geological Services team members undertake the data upload and run a series of
validation and check queries during the data import and following the import.
 No drillholes were twinned.
 No adjustment to assay data has been undertaken.

Location of
data points

 Drillholes are collected and stored in Map Grid of Australia, 1994 (MGA) grid coordinate
system, Zone 53L. See Figure 3.
 Drillhole collar locations are surveyed using a Trimble differential GPS (DGPS) post
drilling. Survey method is coded in the geological database.
 All drillholes are less than 50 metres in depth and as a result there is no requirement for
downhole survey.

Data spacing
and
distribution

 The resource estimate covers the historic sands stockpile and dam on the mining leases
adjacent to the GEMCO processing plant.
 Drilling is planned and conducted on 60 x 60 metres centres. This is considered
appropriate to classify the Mineral Resources as Indicated based on geostatistical
analysis.
 Compositing is undertaken at the sampling stage as this is deemed the most appropriate
method of providing a representative sample given the proposed mining and processing
methods. Drillholes are split and then composited during sampling to provide a single
sample per hole regardless of drillhole length.

Orientation of
data in
relation to
geological
structure

 All drillholes are vertical and are designed to intersect the stockpiles (mineralised
horizon) at a right angle.

Sample
security



Audits or

 No recent audits or reviews of the sampling techniques or data have been completed.

Sample splits preserved during drilling are stored at GEMCO in a secured location. The
samples reserved during the preparation currently remain at Amdel in Adelaide, as do all
residues.
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reviews

Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)

Criteria

Commentary

Mineral
tenement and
land tenure
status

 Groote Eylandt Mining Company Pty. Ltd. (GEMCO) manganese asset. GEMCO is
owned by South32 (60 per cent) and Anglo American (40 per cent) and is located in the
Gulf of Carpentaria in the Northern Territory of Australia, illustrated in Figure 1.
 Groote Eylandt is Aboriginal Land as granted under the Aboriginal Land Rights (NT) Act
1976 (ALRA). GEMCO’s obligations are chiefly embodied in various lease documents
including Mineral Leases and Special Purpose Leases, a Letter of Understanding dated
13 May 1965 and an Agreement dated 16 September 2006. These documents cover
mining operations, a township, local communities, the Eastern Exploration Leases and
other aspects ancillary to the Company’s operations.
 The mineral and exploration licences associated with the GEMCO Mineral Resources
and Ore Reserves are presented in the table below. Tenement location plans are
included as Figure 2.
Lease

Area (ha)

Activity

Expiry

MLN 951

1,155

Mining & associated activities

20/07/2031

MLN 952

666

Mining & associated activities

20/07/2031

MLN 953

1,464

Mining & associated activities

20/07/2031

MLN 956

1,180

Mining & associated activities

16/09/2031

MLN 957

175

Mining & associated activities

29/09/2031

MLN 958

686

Mining & associated activities

29/09/2031

MLN 959

2,114

Mining & associated activities

29/09/2031

MLN 960

567

Mining & associated activities

29/09/2031

MLN 961

335

Mining & associated activities

29/09/2031

MLN 2

1.38

Power line lease

29/09/1989*

MLN 3

1.65

Bridge lease

24/07/1985*

ELR 28161

1,249

Exploration activities

16/11/2015

ELR 28162

3,165

Exploration activities

24/11/2015

*A Section 19(3) Land Use Agreement under the Aboriginal Land Rights (Northern
Territory) Act 1976 was executed by GEMCO and the Anindilyakwa Land Council on the
22nd of September 2009 for the exact area of MLN 2 & 3. Until such time the
Department of Mines and Energy accepts or refuses the renewal applications for these
tenements, they remain current without an expiry date.
 All tenements are held in good standing, and there are no impediments to obtaining a
licence to operate in the area.
Exploration
done by other
parties

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Geology

 Sand tailings are produced as a by-product during the beneficiation of the GEMCO
manganese ore (ROM) from the gangue constituents. These stockpiles and dams are a
mixture of sand sized particles and slimes composed of manganese sands (pyrolusite
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Commentary
and cryptomelane), silica sands, with kaolinite and goethite as the gangue minerals.
Analysis of the sizing distributions of the drillhole samples shows that the approximately
3% of the sample are >2mm, while an average of 19% of the material is <45µm.
 A variety of blend campaigns have historically been used on site to ensure products
meet customer specifications. The sands stockpile and dams were established during
all campaigns using a pumping system to establish a ‘beach’ for further deposition.
Relocation of the outlet pipes/spigots during pumping ensured pile stability during
deposition.
 Deposition results in multiple irregular layers of sands and slimes units that can vary in
thickness from a few millimetres to centimetres.

Drill hole
Information

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Data
aggregation
methods

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Relationship
between
mineralisation
widths and
intercept
lengths

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Diagrams

 All Figures referenced including plans of location, tenure, geology and drillholes and
other relevant Figures are appended to this document (Annexure 3).

Balanced
reporting

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Other
substantive
exploration
data

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Further work

 GEMCO is an operating asset and reports Mineral Resources and Ore Reserves
annually. No exploration results are being reported.

Section 3 Estimation and Reporting of Mineral Resources
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

Criteria

Commentary

Database
integrity

 The database is designed to import the collar and survey information, geological logs
and sampling and analytical results.
 Validation was undertaken in the Microsoft Access database and on import to VULCAN.
It included flagging unrealistic collar survey information, incorrect field names,
overlapping or missing intervals and assay results that are outside expected ranges or
absent.
 Each sample has a sequential alphanumeric sample number initially detailed on the
sample bag and recorded in the geological log. All samples submitted to the external
laboratory are accompanied by a sample submission sheet, which enables linking of
samples and jobs.

Site visits

 Site visits are conducted regularly by the Competent Person and other personnel to audit
drilling, sampling and analytical activities. Additional daily, weekly and monthly
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inspections and audits are conducted by exploration and site supervisors to ensure
compliance to the required standards and procedures. No material issues were
identified.

Geological
interpretation

 The geological model is derived predominantly using the drillhole data. The material is a
stockpiled by-product and the model assumes total reclamation.
 A stratigraphic (two-dimensional) modelling approach was deemed the most appropriate
technique for modelling this data due to the sampling methodology and proposed mining
and processing methods.

Dimensions

 The locations are geographically isolated, with the dimensions of the deposits varying
between approximately 300 metres by 140 metres for the smallest and 860 metres by
420 metres for the largest. Deposit thickness varies from 3 to 15 metres.

Estimation
and modelling
techniques

 Stratigraphic and quality grids were generated in Vulcan using the Gridcalc module. No
top cuts have been applied to the data.
 A stratigraphic HARP (Horizon Adaptive Rectangular Prism) three dimensional block
model was constructed using the stratigraphic and quality grids. HARP models are
designed to accurately represent undulating or thin horizons with none of the 'steppiness'
of traditional block models. The model is defined using a 20m X 20m parent block size.
 Quality grids were estimated in VULCAN for all head grade assays using an inverse
distance squared algorithm with no smoothing and a trend order of zero. Testing of
search parameters showed little variability in the resultant grids. Subsequently, the
maximum search distance was set to 200 metres.
 The resource model was validated by comparing the input and output grades via global
averages and moving window statistics and is found appropriate as a global estimate
and suitable for mine planning purposes.

Moisture

 The Mineral Resource is estimated on a dry basis.

Cut-off
parameters

 No cut-off grade has been used; this was considered appropriate given the proposed
mining and processing methodologies.

Mining factors
or
assumptions

 Bulk mining is regarded as the most suitable mining method, given that it would be
impractical to separate individual sands and slimes layers in the stockpiles due to their
thin nature (centimetre scale).
 The resource is inclusive of dilution.

Metallurgical
factors or
assumptions

 The sand tailings have been produced as a by-product during the beneficiation of the
ROM ore from its gangue constituents. As the material has already been crushed and
liberated, separation can be achieved as a result of particle density differences.
 Assessments suggested that the heavy liquid separation (HLS) results provided by
Amdel are not comparable to the results generated during the reflux classifier trial on
site. Consequently, it was considered inappropriate to model the HLS results.

Environmental factors or
assumptions

 Residues from the sand tailing processing will be pumped and stored in waste sands and
slimes dams.
 No environmental factors have been applied in the Mineral Resource estimate.

Bulk density

 A global bulk density of 1.80 g/cm3 has been assigned on the basis of work completed
during the reflux classifier pilot test-work. A total of 36 in situ bulk density measurements
using a known volume method were made across the resource (stockpiles), which can
be deemed representative of the resource. The density was then corrected for the
moisture of the samples.

Classification

 The table below illustrates the classification criteria. The results appropriately reflect the
Competent Person view of the deposit.
Category

Criteria

Boundary Definition
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Indicated Drill spacing ≤ 60mE by 60mN 30m past the last drillhole to be included
Inferred

Drill spacing > 60mE by 60mN 60m past the last drillhole to be included

 No material has been classified as Measured due to the limited supporting density
information.
Audits or
reviews

 No recent audits or reviews of the Mineral Resource estimate have been carried out.

Discussion of
relative
accuracy/
confidence

 No analysis has been conducted to quantify the relative accuracy of the Mineral
Resource, however the resource model is deemed appropriate as a global estimate on
the basis of acceptable assay QA/QC results, good understanding of the geology of the
deposit, comparison of input and output grades via global averages and moving window
statistics and a comparison of the resource to test estimates conducted by internal
technical specialists.

Section 4 Estimation and Reporting of Ore Reserves
(Criteria listed in section 1, and where relevant in sections 2 and 3, also apply to this section.)

Criteria

Commentary

Mineral
Resource
estimate for
conversion to
Ore Reserves

 The FY2015 Ore Reserve is based on the FY2015 Mineral Resource estimate, modelled
in July 2014. The Ore Reserves for premium concentrate (PCO2), or sand processing
(Sands) are being reported for the first time.
 Mineral Resources are inclusive of Ore Reserves.

Site visits

 The Competent Person is based in Brisbane and has made several site visits. The last
site visit was May 2014. No issues were identified during the visit.
 GEMCO is an operating mine having commenced production in the 1960s and is
represented as a thin, tabular ore body that is extracted using strip mining. The mining
extents are approximately 20 kilometres north – south and five kilometres east – west.
The depth of ore below the surface ranges from 1 metre to 40 metres with ore horizon
thicknesses ranging from 0.5 metres to 6 metres.
 Ore is beneficiated on site before being transported by road train 15 kilometres north to
the ship loading area at Milner Bay.
 Throughout FY2014, a feasibility study was undertaken to confirm that it is economically
viable to reprocess the tailings generated during beneficiation of the in situ (ROM) ore.
The Premium Concentrate Project (PC02) is planned to feed a combination of reclaimed
sands tailing stockpiles and direct feed from the concentrator sand tailings stream. Only
the reclaimed sands tailing stockpiles are covered by this statement. The project is
currently in execution.
 The on-line feed is expected to increase the yield of the in situ (ROM) Ore Reserves by
2-3%, but a lack of reliable data means this additional yield effect is not considered for
estimation of ROM Ore Reserves.
 The Ore Reserve is based on the current Life of Asset Plan. This plan is a detailed
optimised mine plan which sets the long term direction of the operation and has been
evaluated in financial models to ensure economic viability.
 As it is essentially a stockpile recovery method, no grade cut-off is applied to the PC02
feed. An economic optimisation is performed to determine if a block is viable to mine,
and therefore to be included in the Ore Reserves.
 A detailed design of the PC02 process was undertaken in the feasibility study, and
replicated in the Life of Asset plan. GEMCO uses BHP Billiton’s proprietary ‘Blasor’
software for optimizing pit and strip sequencing and the PC02 sequence was determined

Study status

Cut-off
parameters
Mining factors
or

South32 Mineral Resources and Ore Reserves Update

47

Criteria

Commentary

assumptions
















in an integrated plan that included the GEMCO ROM ore. The reclamation technique is
not novel and is appropriate.
The reclamation of the sand stockpiles is planned to be done using a Cat 374DL sized
excavator loading Cat 740B EJ articulated trucks, running on a series of benches cutting
through the stockpile (Figure 4). The trucks will sit on the bench below the excavator
when being loaded. A Caterpillar D8 (or similar) dozer will work with the excavator in the
dam to assist managing the dig face, truck benches and drainage requirements when
setting up each stockpile.
For the purposes of the Life of Asset, 100m wide strips have been used to generate
quantities, however as the stockpiles are reclaimed, smaller working strips are more
likely to be used. This smaller width will not affect the Ore Reserve estimate.
Due to the nature of stockpile reclamation, no minimum mining width assumptions are
used.
The reclaimed sands will be moved to a stockpile adjacent to the PC02 processing plan
where it will be fed into the PC02 plant using a loader.
The geological model has been interrogated with vertical blocks. Geotechnical risks will
be controlled by mining the stockpile with a series of four metres high flitches. The sand
is expected to slump back to a natural repose angle away from the active face.
Water will be managed locally by ensuring adequate bench drainage.
No density modification was made to the Ore Reserves. Ore density is as per the
Resource Model.
No mining dilution is included. The dilution mined at the base of the sand stockpiles is
expected to be minor, and not material to the Ore Reserve estimate.
No mining loss has been assumed for the sands stockpile reclamation. As Mineral
Resources will be left unmined at the end of mine life and mining loss will be replaced
with other material, the Ore Reserve estimate will not be affected.
All the planning for PC02 has been on a dry basis.
The key mining equipment used is tabulated below.

Equipment

Typical Rate (Mtpa)

Caterpillar 374DL backhoe excavator

0.8 – 2.0

Caterpillar 740B EJ articulated truck

0.8 – 1.2

Caterpillar 980K size FEL

0.8 – 2.0

Caterpillar D8 size dozer

na

Road Trains

0.55

 The general procedure used to generate the Ore Reserves incorporates the following:
o 100m wide strips were cut through the sands stockpile extents.
o A mining sequence and production schedule was generated by the schedule
optimizer.
o The production schedule formed the basis of the Ore Reserve quantities.
 The PC02 production rates are defined in the Feasibility study. These rates were based
on financial evaluations undertaken throughout the pre-feasibility study and formed the
basis of subsequent studies.
 The PC02 plant is designed to produce 0.5Mtpa (dry) product. To achieve this, an
average feed rate of 1.4Mtpa (dry) with a peak of 1.7Mtpa (dry) is required. The plant
nameplate capacity is 270tph (dry) for 7,200 operating hours/annum, which gives a feed
capacity of 1.9Mtpa (dry basis).
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Environmental
Infrastructure

Costs

Commentary
 The modifying factor which can most affect the Ore Reserve is the processing yield
relationship. If it is significantly different from the assumption the PC02 process may
prove uneconomic, and the material nominated as Reserves may not be processed.
 Inferred Resources are included in the mining sequence. A portion of the Indicated
Resources is unmined at the end of the schedule, so the Ore Reserve estimate is not
sensitive to the inclusion of Inferred Resources in the mine plan.
 The PC02 Process is based on using Reflux Classifiers to separate material. The reflux
classifier technology was selected as it provides the best metallurgical performance and
lowest operating and capital cost. While Reflux Classifier technology is new for GEMCO,
it is not a novel technology and is widely used for separation based on size or density
and suited to the material.
 As a part of the PC02 study process, the following metallurgical test work was
undertaken. The tests were designed to represent the expected PC02 process.
o Heavy liquid separation (HLS) of each drill hole to determine yield and grade.
o Pilot plant outputs including HLS analysis by size fraction of feed and product
stream samples
o LIMM simulation
 An on-site pilot plant was installed as part of the pre-feasibility study. The pilot plant
results were used in the calculation of yield, and the product was used for market testing.
The other main learnings from the pilot plant were the product moisture and product
stockpile drainage rates, which are important for determining handling and shipping
characteristics of the PC02.
 The results of the test work gave an indicative head grade vs yield relationship. An
adjustment to this yield was made to account for fines loss through the reflux classifier to
give the yield relationship (Figure 5), which formed the basis of the Ore Reserve
Estimate.
 As the PC02 Sands stockpiles are reasonably consistent, no specific geo-metallurgical
domaining was used.
 The pilot plant and pilot plant feed is considered representative of the PC02 plant and
PC02 sands feed.
 Deleterious elements including Fe2O3, SiO2 and P been considered and are included in
the value-in-use calculation used to determine product value relative to a standard
manganese ore.
 The mining areas are located on existing mining leases with appropriate environmental
approvals in place.
 The mining infrastructure required for PC02 are haul roads between the sands stockpile
and plant. All other infrastructure is associated with the processing and transport of the
sands. This includes power supply, electrical reticulation and lighting, water management
and fire suppression, compressed air reticulation, on-line tailing tie-in, tailings disposal,
product load out conveyor and a 300t product bin for the PC02 plant.
 Port facilities will be enhanced to include covered stockpile shed, remediation of product
reclaim tunnel and product blending (PC02 and MF) setup.
 The infrastructure capital costs were derived during the feasibility study. The additional
labour and accommodation requirements will be managed from the current GEMCO
labour pool and township management strategies and are included in the PC02 financial
evaluation.
 The quantity outputs from the life of asset plan are evaluated in a separate financial
model for more detailed financial analysis. The capital and operating costs are derived
from the equipment hours and equipment numbers required to meet the quantity
schedule.
 The capital and operating costs include mining, processing, waste disposal, haulage to
port, port handling, ship loading, township and administration costs.
 The equipment hourly operating costs were derived during the feasibility study using
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Revenue
factors





Market
assessment





Economic




Social



Other





Classification

Audits or
reviews







Discussion of



supplier information with practical adjustments to the expected conditions. The capital
costs are developed from first principles prior to project approval.
All royalties are included in the life of asset financial model.
Exchange rates are provided by South32 corporate services.
On island transportation charges are included in the cost modelling. Off island
transportation charges are included in the ore revenue assumptions.
Long term failure to meet specification is not possible as the Mn ore specification and
value-In-use calculation is reviewed annually.
Due to commercial sensitivities, assumptions on commodity price and NPV will not be
detailed.
Manganese ore price is forecast using a value-in-use model that accounts for product
grade, product transportation cost, treatment charges and penalties that affect net
smelter returns. This provides a comparison to the Ore Reference Price for each product.
The Ore Reference Price and exchange rates are provided by South32 corporate
functions.
GEMCO is an existing operation and has a well-defined consumer base. The Ore
Reference Price reflects the company’s view on demand, supply and stock situations
including customer analysis, competitor analysis, identification of major market windows
and volume forecasts.
The trial PC02 plant product was used to test market acceptability and performance, as
well as generating the value-in-use assumptions for the blended PC02 product. It has
been assumed that PC02 product can be blended with the existing GEMCO Fines
Product (MF02) product up to a blend of 30% PC02: 70% MF02 without affecting the
existing MF02 value-in-use relativity.
The discount rate and inflation rates used in the financial model are not detailed here.
They are provided by South32 corporate functions and commercially sensitive.
The NPV is most sensitive to changes to the revenue assumptions. PC02 will be the
lowest value product produced at GEMCO, and it is possible that production rates will be
reduced at time of low product prices. This has the potential to reduce the total Ore
Reserve.
As all the PC02 works are confined to the existing operations area at GEMCO, all social
licenses to operate have already been established by the existing operation.
The mine has the necessary legal agreements and marketing arrangements to support
the annual production rate that underpins the Ore Reserve.
There are no known naturally occurring risks that affect the GEMCO Ore Reserve. Short
term operations disruption may occur, but this will not affect the overall Ore Reserve.
Some of the GEMCO products, particularly the PC02 blends, are classified as “Group A
Cargo” under the International Maritime Solid Bulk Cargoes (IMSBC) Code which limits
the maximum moisture content of the cargo. Adherence to the Transportable Moisture
Limit requirements (TML) has been a critical consideration for PC02. Operational
controls have been put into place and it is not expected that TML issues will affect the
total Ore Reserve.
All reserves are classified as Probable Ore Reserves. There are no Measured
Resources so none of the Probable Reserves have been derived from Measured
Resources.
The results reflect the views of the Competent Persons of the deposit.
An internal audit was undertaken of the PC02 Ore Reserve and no issues were
identified.
An internal risk review has been undertaken and no material naturally occurring risks
were identified.
The Competent Person has determined that the relative accuracy and confidence in the
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Ore Reserve estimate is appropriate to declare a reserve. While it has been built up
using localized factors, it should be considered a global estimate, with both positive and
negative adjustments expected as areas are mined.
 As the PC02 process is not yet operating there are no reconciliations available.
Operational experience will improve the Ore Reserve Estimate accuracy.
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Annexure 3 – Figures

Figure 1: Regional location Plan

Figure 2: Tenement location plan
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Figure 3: Drillhole location plan

Figure 4: Sand Stockpile Reclamation

South32 Mineral Resources and Ore Reserves Update

53

Figure 5 - PC02 Yield
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Appendix 4
Illawarra Coal – JORC Code, 2012 Edition - Table 1
The following table provides a summary of important assessment and reporting criteria used at
Illawarra Metallurgical Coal for the reporting of Coal Resources and Coal Reserves in accordance
with the Table 1 checklist in The Australasian Code for the Reporting of Exploration Results, Mineral
Resources and Ore Reserves (The JORC Code, 2012 Edition) on an ‘if not, why not’ basis.
Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

Criteria

Commentary

Sampling
techniques





Drilling
techniques







Drill sample
recovery





Logging




The geological database contains a total of 2,878 drillholes of which 1,398 occur inside
the leases held by Illawarra Metallurgical Coal.
Two sample types are collected and used in resource estimations; surface drill core
samples and underground strip/channel samples.
o Surface drill core: The entire drill core is sampled over the chosen intervals
(masses typically ranging from 8 to 13 kilograms). All recovered rock core
is wrapped in plastic and placed in the core trays for core logging and
additional testing.
o Strip sample: Strip samples are collected underground. Mass ranges from
150 to 250 kilograms. This mass provides a realistic top particle size
compared with the borecore.
All sampling is conducted by qualified geologists to ensure sample representivity and
sufficient mass for analysis.
Early drilling operations used standard truck mounted rigs, diamond drilling with screwfeed head and conventional drilling methods. All coring was typically NQ size (76mm
hole size with 45mm diameter core) and core recovery was occasionally low.
Since the mid 1980’s drilling operations utilise truck mounted rigs; diamond drilling
hydraulic head feed running wire line double or triple tube core barrels. All core is HQ
(hole size nominally 96mm with 61mm diameter core)
Drilling operations have varied between fully cored holes from the surface to open
holing to approximately 15 to 50 metres (50 metres is now standard) above the Bulli
Seam before coring commences. Wongawilli seam target holes commence coring from
the Bulli seam. In general all coal seams are cored.
All holes are cored to include all underlying seams which have the potential to
contribute gas to the overlying seam during mining.
Core barrel length is generally six metres (three metre barrels were standard on earlier
holes) and recovered core is placed in core trays at the drill site.
Core samples are deemed representative when linear core recovery in coal seams
exceeds 95%. If linear core recovery is less than 95% then the drillhole is re-drilled
and the original core is not sampled. Downhole geophysics is utilised to assess true
thickness of coal seams and this is compared with the length of core recovered.
Samples with recovery of less than 95% are not used in resource modelling as the
vitrinite-rich portions of the seams are preferentially lost due to their soft and brittle
nature. This material tends to be finer in particle size and is easily lost through the
drilling fluids.
Data is collected from the current surface drilling programs to a sufficient detail to
support resource estimation, mining and processing studies.
The data comprises lithology (including core photos), geotechnical testing (including
defects, stress direction & magnitude, point load tests and geo-mechanical tests),
Seam gas testing (composition and content) and location of strata gas zones, UV
analysis (for hydrocarbon detection), downhole geophysics (including density, gamma,
neutron, resistivity, sonic, verticality, full wave form sonic, acoustic scanner and
caliper), coal quality (including pre-treatment, washability testing and proximate and
composite analysis), coal and strata permeability and hydrogeological information
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preparation









Quality of
assay data
and
laboratory
tests





Verification of
sampling and
assaying








(including standing water levels, reservoir pressures and water quality)
The entire hole is logged but more detail is collected in the cored sections of the holes.
The cored sections of the holes represent approximately 20% of the total length.
Some fully cored holes are drilled for specific requirements.
The entire core is sampled, as standard in the coal industry.
The entire strip sample is sampled for analysis.
A detailed sample preparation procedure is followed for all samples which are specific
for the seam and sample type (core or strip sample). The procedures follow the same
general sample preparation steps including: drop shatter analysis, detailed dry size
distribution analysis, wet tumble, wet sizing analysis. These procedures have been
developed in conjunction with the requirements of coal preparation plants and have
been peer reviewed and evolved over many years’ experience in treating and washing
coal in the Illawarra region.
Quality control on sub-samples is managed in the laboratory by the reconciliation of all
mass losses/gains at all stages of analysis. All analyses are carried out to the
appropriate Australian Standard or ISO equivalent.
Duplicate strip samples are collected from time to time to ensure sample
representivity.
Detailed studies have been conducted on size distribution of feed material to the
washeries and the sample preparation procedures are specifically developed to match
the size distribution of the plant feed.
A detailed sample preparation procedure is followed for all samples which are specific
for the seam and sample type (core or strip sample). The procedures follow the same
general sample preparation steps including:
o Sample preparation & pre-treatment, including: drop shatter, dry sizing,
wet tumble, wet sizing.
o Float/sink Analysis: coarse and fine float sink analysis, staged froth
flotation.
o Clean Coal Composite preparation and analysis for both a specific hard
coking coal composite and an energy coal composite. Analysis includes:
proximate, sulphur, crucible swelling number, ash analysis, ultimate, CO2,
Gieseler fluidity, Ruhr Dilatometer, ash fusion, calorific value and a full
petrographic analysis.
o All analyses are carried out to the appropriate Australian Standard or ISO
equivalent.
Quality control procedures carried out on the analytical samples include taking
duplicate samples, participation in numerous round robin analyses by contracted
laboratories and automated data loading process that includes data tolerance limits for
all data types.
Coal cores are analysed at SGS’s Newcastle laboratory which is NATA registered.
The laboratory carries out the required sample control and storage procedures,
analytical procedures and standards, participation in NATA, internal and external
“round robin” check testing and document control.
Results from the round robins are provided to Illawarra Metallurgical Coal and
reviewed during quarterly meetings. No material concerns have arisen.
Coal quality data is received from the laboratory in stages. Once final data has been
received, it is loaded electronically into the GBis database via an electronic data loader
developed specifically for Illawarra Metallurgical Coal. This data importer includes
numerous data validation processes including upper and lower tolerances checks of all
material parameters, sample from/to depths match the sample thickness, wet and dry
sizing yield adds to 100%, float/sink analysis yield adds to 100% for all fractions, ash
analysis total is within specified tolerance (98% to 101%), Giesler Plastometer &
Dilatometer temperatures increase appropriately, check calculation on temperature
ranges match the temperatures reported and petrographic analysis adds to 100% .
Expected data ranges have been established for all coal quality parameters which flag
either a warning or an error if the data is outside the prescribed range. A warning flag
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and
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can be loaded into the database after review but an error flag cannot and will need to
be resolved before it can be loaded.
Samples are unable to be loaded into the database if any of the above tests fail. If fails
have been identified, queries are sent back to the analytical laboratory to be resolved.
Twinned holes are generally not drilled as it is considered prohibitively expensive and
it is not routine practise within the coal industry.
The coordinate grid system used by Illawarra Metallurgical Coal is the Map Grid of
Australia 1994 (MGA94) (which is based on the Geocentric Datum of Australia 1994
(GDA94)) and the Australian Height Datum.
All drillhole collar positions were surveyed in by certified land or mine surveyors once
the drillhole had been completed using a differential GPS survey system while older
drillhole collars were surveyed using standard survey equipment.
Down-hole positions have been routinely surveyed since the late 1990’s. All survey
positional and verticality data is stored in the central geological database.
A drillhole location plan, including the distribution of holes for each Coal Resources
estimation category, is included as Figure 3.
Topographic control is provided by Airborne Laser Scanner (ALS) surveys over the
majority of the operational areas. Some outer areas are still to be covered by ALS and
regional data is used. The topographic model is of high quality and is appropriate for
the project.
Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.
Several Drillhole Spacing Analysis studies have been conducted and results have
been incorporated into the resource estimation process. The variability of key
parameters is well understood and confirms that data spacing and distribution is
sufficient to establish confidence in the resource estimation and classification.
Use of sample compositing is minimal and only used for the Wongawilli Seam at
Dendrobium.

Orientation of
data in
relation to
geological
structure



Drillholes are typically drilled vertically and the seams are generally flat, with only 1-3
degrees of dip. This orientation provides an ideal, near perpendicular, intersection of
the coal seams allowing unbiased sampling of coal seams.

Sample
security



All coal samples collected on site are delivered to SGS’s Wollongong laboratory by
Illawarra Metallurgical Coal personnel. From there they are transported via road to
SGS’s Newcastle laboratory for analysis via internal SGS transportation or a reputable
courier. The samples are tracked and insured. Samples are retained at SGS
laboratories until such time as specific instructions are given by Illawarra Metallurgical
Coal to discard. This usually occurs only once an area has been mined through.

Audits or
reviews



The most recent internal audits were carried out in FY2012 and FY2010. No material
risks were identified.
The most recent independent audit was conducted in FY2011. No material risks were
identified.
As part of the demerger, an independent expert (Runge Pincock Minarco) produced an
independent Competent Persons report for the Illawarra Metallurgical Coal asset
included in the March 2015 Information Memorandum. This process provides a robust
comparison point for the resource and reserve process. There were no material
issues identified by the independent expert.




Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)
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South32 Illawarra Metallurgical Coal’s estimated Coal Resources and Coal Reserves
are primarily supported by six main titles listed below and shown in Figure 2. A
regional location map is shown in Figure 1.
Tenement

Brief Description

Holder

Expiry
Date

CCL767

Appin, West Cliff

Endeavour Coal

8/07/2029

CCL768

Dendrobium,
Cordeaux

Illawarra Coal
Holdings

7/10/2029

CCL724

West Cliff

Endeavour Coal

18/12/2031

ML1698

Appin Area 9

Endeavour Coal

26/06/2035

A248

Appin Area 7 & 9

Illawarra Coal
Holdings

19/12/2015

EL4470

Appin Area 10

Illawarra Coal
Holdings

19/12/2015

The majority of the Mining Leases do not include surface rights. However, the Mining
Leases do extend to the surface in all cases where access for a pit top or shaft
facility is required and in a number of cases the Leasehold Title is duplicated by
Freehold ownership.
Where Mining Leases do not extend to the surface, access to conduct exploration
activities is achieved via Exploration Licenses under the 1992 Mining Act or Coal
Authorisations under previous legislation.
The two large standalone exploration titles, A248 and EL4470, occur to the north of
the Appin & West Cliff mining titles. They are overlain to a large extent by four
Petroleum Production Licenses (PPL1, PPL2, PPL4 and PPL6 held by AGL
Upstream Investments Pty Limited). These give the holder rights to the production of
petroleum including methane gas contained within the coal seams. An agreement
which is satisfactory to both Illawarra Metallurgical Coal and AGL is required to be
finalised before a coal mining lease or Development Consent could be granted. Such
an agreement was reached during FY2012 for a portion of the coincident areas and
resulted in the granting of ML1698. This agreement sets a precedent for future
agreements. As a result, Coal Resources and Coal Reserves have been declared for
areas of coincident title. These two exploration titles are due for renewal by the end
of 2015. Illawarra Metallurgical Coal’s adherence to the conditions of title should
ensure government support for renewal.
There are no present or foreseen, socio-economic, environmental, heritage or
regulatory issues which could act as impediments to the granting and good standing
of the required tenure to underpin the operations.
Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

The Coal Resources are contained within the Late Permian Illawarra Coal Measures
in the Southern Coalfield, which is located in the southern portion of the PermoTriassic Sydney Basin. The Illawarra Coal Measures contain up to 9 individual coal
seams but Coal Resources are only declared for two of these, the Bulli and
Wongawilli seams.
The uppermost seam, the Bulli, is best developed in the northern parts of the
Southern Coalfield and hence is mined at Illawarra Metallurgical Coal’s northern
operations at West Cliff and Appin. The Bulli seam thins and deteriorates to the
south, although there are isolated areas of thicker occurrences.
Conversely the Wongawilli Seam is best developed in the southern parts of the
coalfield, where it is mined at the Dendrobium mine, and is generally uneconomic
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where the Bulli Seam operations are located. Around the Cordeaux and Appin Area
3, which are located roughly in the middle of the coalfield, both seams have
economic potential. The Wongawilli seam deteriorates to the north of Appin Area 3 to
the point where it no longer contains a viable working section but there are areas
where a thin working section may be possible. These areas have not been declared
as a resource due to lack of data.
A generalised stratigraphic column of the Southern Coalfield and details of the coal
seams present in the upper part of the Illawarra Coal Measures is included as Figure
4.
Depth of cover for the Bulli Seam resource ranges between approximately 325
metres in the south-eastern part of Appin (the abandoned Bulli Colliery) to just over
800 metres in the north/northwest corner of Appin Holding. Both West Cliff and Appin
are currently working under about 600 metres depth of cover. The Wongawilli Seam
resources occur under about 300 to 500 metres of cover. Depth of cover has not
been used to limit or classify resources.
The Bulli Seam Coal Resources are affected by faulting, and to a lesser extent,
dykes. Faults of seam height displacement (greater than two to three metres)
severely affect longwall operations, upon which economic extraction of coal depends.
Dykes can have a similar effect on the Bulli seam but they less commonly form
resource category boundaries as the lack of displacement means they tend to be
able to be mined through. Only dyke swarms or ones that are associated with silling
tend to have a significant effect on resource estimation.
Faults have a similar effect on the Wongawilli seam as they do on the Bulli Seam,
except that the working section within the Wongawilli Seam is a little more flexible,
being a thicker seam. As a result the Wongawilli operation can negotiate slightly
larger faults compared to the Bulli operations. Significant proportions of the
Wongawilli Seam are affected by igneous intrusions in the form of both dykes and
sills.
At Dendrobium and Cordeaux the main geological structure impacting on resource
estimation are sills and dykes.
Seam dips over the entire Southern Coalfield are generally low, ranging from 1 to 3
degrees. This has no impact on the resource estimation.

Drill hole
Information



Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

Data
aggregation
methods



Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

Relationship
between
mineralisation
widths and
intercept
lengths



Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

Diagrams



All Figures referenced including Plans & diagrams showing location, tenure,
stratigraphy, resource polygons and reserve classification are appended to this
document (Annexure 4).

Balanced
reporting



Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

Other
substantive
exploration



Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.
Seismic survey data forms a critical component of the Coal Resources classification
criteria. The seismic interpretation assists in the confidence in the structural
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Further work

continuity of the coal seams therefore the ability to determine the most economically
viable Longwall mining domain.
Since 2012, Illawarra Metallurgical Coal has used an in-house Sercel system which
comprises 900 channels allowing high resolution 2D and 3D surveys of any size to
be acquired. Seismic interpretation is conducted in-house using Seiswin and Petrel
software.
Illawarra Coal is an operating mine and reports Coal Resources and Coal Reserves
annually. No exploration results are being reported.

Section 3 Estimation and Reporting of Mineral Resources
(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

Criteria
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interpretation






Dimensions




Estimation
and modelling
techniques






Illawarra Coal uses an established geological database and data acquisition systems
built around Micromine GBis. The process includes all data types being loaded
electronically from original source data to ensure data quality and to provide an
auditable ownership trail to the original source of the data and to eliminate transcription
or keying errors. Illawarra Metallurgical Coal has established procedures for all data
collection, loading, validation and storage.
Database access is controlled via defined user groups with either read-only or readwrite privileges and these groups are internally managed.
The Competent Person regularly visits the mine-sites during which time no material
issues have been identified.
Interpretation of the geology of the Illawarra Metallurgical Coal deposit is based
primarily on surface drilling data which is supplemented by high resolution seismic
data. The deposit is stratiform in nature and the two seams for which resources are
being reported are laterally continuous and confidence in the geological interpretation
is high.
Alternate interpretations are considered limited and would have a negligible effect on
reported resource estimations.
Geostatistical analyses provide the basis for guiding and controlling the resource
estimations and classifications. Those studies have shown most critical variables are
laterally continuous, including seam thickness and grade.
The Coal Resources estimation and classification applies to two separate resource
2
areas. The Bulli Seam resource areas total approximately 215 km and stretch 27
kilometres in an east-west direction and 23 kilometres in a north-south direction. The
2
Wongawilli Seam resource area totals approximately 100 km and is approximately 17
kilometres wide and 12 kilometres long. The lateral extent of the resource polygons
for the Bulli and Wongawilli coal seams as represented in Figure 5 and Figure 6
respectively.
Depth below surface ranges from 300 to 840m.
Two separate geological grid models (structural and coal quality) of each area are
built, one for the northern area (Appin and West Cliff) and another for the southern
area (covering Dendrobium and Cordeaux). Modelling is performed using the Ventyx
Minescape 5.7 Stratmodel.
Structural models utilise numerous other datasets in addition to the drillholes including
faulting data, silling, seam thickness and level data from underground mapping and
roof and floor touches from underground inseam and surface to inseam drilling.
Coal quality models are currently built separately from the structural models. They are
generated directly from Minescape Table files, which are sourced from the GBis
database. All quality variables are gridded using the same parameters as the structural
models to create a series of surfaces. Each of these surfaces are contoured and
validated according to the Illawarra Metallurgical Coal Modelling and Model Validation
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Moisture



procedure.
Finite Element Modelling is used for estimation of both structural and coal quality.
Models and grid specifications for all area models were geostatistically derived. All
grids used for resource estimates have a grid cell size of 100 metres (X) x 100 metres
(Y). This compares with a general sample spacing of 300 – 700m.
All resource estimations are reconciled against previous estimates, usually from 12
months prior. All changes are quantified and reported.
This technique is deemed appropriate for this style of mineralisation.
New model grids generated are contoured and compared against previous models. All
differences seen from previous models are identified and fully quantified.
The percentage difference between drillholes and the model are reported as a check
against raw data.
Geological interpretations of igneous sills have been incorporated into the resource
estimations.
All new structural and coal quality models are validated using the Illawarra
Metallurgical Coal Modelling and Model Validation procedure.
Graphical data checks are undertaken by:
o generating contour plots of floor structure and interval thickness for each
interval and checking them for anomalies and other deviations from
regional trends; and
o posting of raw drillhole data specific to the contours.
Estimation is validated by generating a series of cross sections, orientated in multiple
directions to search for any inconsistencies in stratigraphy, fault orientations, etc.
These plots include drillholes, on or adjacent to the section line.
Once a model has been validated in adherence to the procedures all graphical
outputs, all Minescape validation checks, all data files used, the schema used and a
record of validation changes made throughout the process are stored.
Models include recovery (yield) estimations of all products and by-products. These
include coking coal product and energy coal by-product.
There are no deleterious elements that are considered economically significant.
Illawarra Coal estimates Coal Resources on an in situ moisture basis by the
Preston/Sanders method. For estimating in situ moisture, which traditionally is very
difficult to measure as any sampling removes the coal from its in situ state and
therefore alters the in situ moisture, the Moisture Holding Capacity (MHC) test is used.
Illawarra Metallurgical Coal has collected MHC data since 2006. The moisture
assumptions adopted are represented in the table below.


Seam

Cut-off
parameters




Mining factors
or
assumptions



Air Dried Moisture
(%)

In situ Moisture
(%)

Bulli

1.0

2.0

Wongawilli

1.0

2.5

No seam thickness or quality cut-offs has been applied to the Coal Resource
estimation. Both seams for which resources have been reported are sufficiently thick
and of appropriate quality to be considered economic across all reported areas.
Depth of cover is not considered a barrier to mining and as a result no seam depth cutoff has been used in the Coal Resources estimation. Seam gas content does not have
a strong correlation with depth and gas therefore does not provide a reason to use
depth based cut-offs.
The main assumption is that the deposit will be mined via underground longwall
method. This is the method currently being used by all operations and it has a long
operational history in the region as being an effective and economic mining method.
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While detailed wash product data for each seam is available and modelled, this is not
a criterion when defining the coal seam resource limits. Washability characteristics of
both seams are well understood through decades’ worth of operational experience.

Environmental factors or
assumptions



The main environmental assumption is the exclusion of the stored water bodies (dams)
of Cateract, Cordeaux and Avon dams which form part of greater Sydney’s water
supply network. These areas have been excluded from reported resources as
approval for large scale longwall mining underneath these features is unlikely.

Bulk density



Illawarra Coal has used the Preston/Sanders method for changing from air dried basis
to in situ basis for density determinations. This method is only applicable to Relative
Density (RD) determinations which constitute approximately half of the data used in
resource estimations. The coal quality database contains a mixture of Relative Density
and Apparent Relative Density (ARD) values, the ARD values were converted to ‘RD’
values using the ash-RD relationships. Although the moisture basis of ash and RD
values are not certain and the RD data set may be a mixture of ARD and RD values,
plotting of the data to provide an upper and lower correlation limit gives confidence on
the general relationship between RD and ash.

Classification



Coal Resources have been classified by the Competent Person considering various
criteria, namely drillhole spacing which forms the most fundamental requirement,
quality of drillhole data (reliability) and the coverage of seismic data used to identify
structures (or lack of) which is critical to the economic viability. The details of each
criterion are tabulated in the table below.





Audits or
reviews





Discussion of
relative
accuracy/



Resource
category

Drillhole
spacing
(m)

Structural Control

Measured

<700

3D seismic or within 250m of a high
resolution 2D line

Indicated

<1500

3D seismic or within 500m of a high
resolution 2D line

Inferred

<4000

Not required

The drillhole spacing listed in the table above were determined through geostatistical
analysis and the relative confidence is discussed below.
Due to topographic, community and other environmental factors, the drillholes are not
located on a regular grid. As such, to ensure the spacing criteria set out in the table
above are met, the resource polygons were created using the ‘bubble method’ by
drawing a circle with the diameter half that of the drillhole spacing and joining all the
circles that overlap.
Tonnes are reported in situ and coal quality is reported on an air dried basis.
The most recent internal audits were carried out in FY2012 and FY2010. No material
risks were identified.
The most recent independent audit was conducted in FY2011. No material risks were
identified.
As part of the demerger, an independent expert (Runge Pincock Minarco) produced an
independent Competent Persons report for the Illawarra Metallurgical Coal asset
included in the March 2015 Information Memorandum. It provides a robust
comparison point for the resource and reserve process. There were no material
issues identified by the independent expert.
The specific global precisions at 95% confidence level for each resource category are
listed the table below. The global estimation precisions are based on a nominal 3 Mtpa
2
for each operation or 850,000 m over a five year period. Key resource parameters
include seam thickness, relative density, plant simulated yield, ash, vitrinite, sulphur
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and phosphorous.
These were determined through a series of geostatistical studies conducted on all
relevant parameters for both seams. They also included both sample types, borecore
samples and strip samples. The studies included Exploratory Data Analysis, Drillhole
Spacing Analysis, Variography and Quantitative Kriging Neighourhood Analysis.
Resource
Category

Global Estimation
Precision at 95%
confidence level

Measured

<10%

Indicated

>10% and <20%

Inferred

>20% and <50%

Reconciliation of production data is conducted monthly, compiled quarterly and
reported annually. The results are used to validate the reserve models and by
extension the resource model which feeds into it.

Section 4 Estimation and Reporting of Ore Reserves
(Criteria listed in section 1, and where relevant in sections 2 and 3, also apply to this section.)

Criteria

Commentary

Mineral
Resource
estimate for
conversion to
Ore Reserves



Site visits



The Competent Persons regularly visit the mine-sites during which time no material
issues have been identified.

Study status



Illawarra Coal is an underground longwall coal operation which has been successfully
operating in the region for over 50 years. Sufficient studies have been undertaken to
enable Coal Resources to be converted to Coal Reserves on the basis of current
operating methods & practices.
An annual review of the life of mine plan and production schedule is undertaken to
confirm the mine plan is economically viable.
This report has been prepared in respect of material changes to resource and reserve
classifications. No new resources or reserves are being declared.






The FY2015 total Coal Resources declaration of 1,285 million tonnes represents a 1.6
% decrease in total Coal Resources compared with last years’ FY2014 total resource
of 1306 million tonnes.
Coal Resources are inclusive of Coal Reserves.

Cut-off
parameters



A cut-off minimum seam thickness of 1.8 metres is used due to the capabilities of
current equipment and processes.

Mining factors
or
assumptions



Dilution and Recovery: Each mine site determines the expected dilution that is added
to the in situ assumptions for the short term planning. The dilution estimates are
determined using historical ROM ash values recorded for a similar position in the
previous longwall, all available geological data and any geological structure
noted/recorded through the length of the longwall panel. This data is taken into
consideration and a dilution thickness is determined.
Average dilution across Illawarra Metallurgical Coal operations is 10% and typical coal
loss is around 1.5%.
Moisture Adjustments: Moisture is modified during both the mining and processing
operations. In situ moisture is determined by the process described in Section 3 and is
the base point for all moisture adjustments. Recoverable Coal Reserves is stated on a
ROM moisture basis, as received by the processing plant. Marketable Coal Reserves
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Criteria

Commentary
is stated on a product moisture basis, as sold.
Seam parameters are shown below.

Parameter

Bulli Seam

Wongawilli Seam

In situ moisture

2.0%

2.5%

ROM moisture

6.0%

7.0%

Coking product moisture

9.0%

15.5%

Energy product moisture

7.0%

Dilution density (in situ basis)

2.5 t/m

7.0%
3

2.1 t/m

3

Seam mining geometry assumptions are shown below

Parameter

Metallurgical
factors or
assumptions





Environmental





Infrastructure



West Cliff

Appin
Area 7

Appin
Area 8

Appin
Area 9

Dendrobium

Maximum cut height

3.20m

3.30m

2.90m

3.20m

4.60m

Minimum cut height

3.00m

2.70m

2.00m

2.65m

3.20m

Coal loss

0.05m

0.05m

0.05m

0.05m

0.05m

Default dilution thickness

0.15m

0.20m

0.20m

0.20m

0.10m

Longwall face width (solid)

295m

314m

295m

295m

295m

All coal produced by Illawarra Metallurgical Coal is washed at one of two processing
plants to produce a final product. The processes are well established and well
understood.
The major factor in processing of the Bulli seam is the removal of diluting material. The
in situ coal is generally low ash but due to the nature of the roof and floor, significant
quantities of diluting material can be present in the feed.
The most critical quality factor in economic mining of the Wongawilli Seam is the
coking coal recovery. The amount of coking coal recovered after washing is a function
of the proportion of sinks material contained within the ROM. The sinks material
comprises stone bands, contaminating roof, floor, stone roll material and coal which
have a specific gravity nominally greater than 1.40 (approximately) due to either
disseminated mineral matter or naturally deteriorated coal sections, often containing
numerous thin shale bands and lenses.
The State Government Development Consent process is the overarching
environmental approval system governing Illawarra Metallurgical Coal’s mining and
processing activities. The Bulli Seam Operations approval was granted in December
2011 for a period of 30 years and the Dendrobium approval was renewed in December
2009 for a period of 21 years. Each of these approvals included a full Environmental
Assessment.
Waste rock consists predominantly of sandstone and shale with low levels of remnant
organic material. Waste rock quality is monitored routinely. Waste is either emplaced
at the approved facility adjoining West Cliff Coal Preparation Plant or delivered to local
construction projects for use as land fill and road base.
Illawarra Coal is a mature asset with all major infrastructure required for ongoing
operations at planned production levels. There are some requirements for additional
infrastructure to be built to enable the efficient extraction of the Life of Mine reserves,
the most significant of which is additional ventilation infrastructure at Appin. Planning is
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Commentary
underway to determine the optimal configuration taking into consideration surface
interactions, technical requirements and cost. An estimated cost has been built into
the plans.

Costs







Revenue
factors




Market
assessment





Economic





Social





Operating costs are based on historical performance and updated for current
economic conditions. The cost elements include; development, longwall mining, gas
drainage, mine services, coal clearance, surface services, processing, raw logistics,
clean logistics, port, overheads, selling and other on-costs
Rehabilitation and closure costs are included in the Coal Reserve valuation.
Sustaining capital costs are based on historical requirements and lifecycle
replacement costs for major items of production equipment.
Taxes and royalties are included in the cost modelling in line with federal and state
legislated requirements.
Foreign exchange rates are provided by South32 corporate functions.
Commodity price assumptions have been based on detailed global supply and
demand modelling and are benchmarked against commercially available consensus
price forecasts undertaken by South32 corporate functions.
Other macro-economic assumptions used in the economic analysis of the Coal
Reserves such as foreign exchange, inflation and discount rates have been
determined through detailed analysis by South32 corporate functions.
The majority of Illawarra Metallurgical Coal’s product competes on the global seaborne
market. In FY2014 Illawarra Metallurgical Coal’s share of the market was less than
3%. The major factors influencing price are demand from the developing nations in
Asia, primarily China and India.
The comparative benchmarks for Illawarra Metallurgical Coal products based on
product quality and geographic locality are the seaborne Premium Low-Volatile Coking
Coal market and the Newcastle export Thermal Coal market.
Volumes of Illawarra Metallurgical Coal product are forecast to remain relatively static
over the next 5-10 years compared to FY2014.
Macro-economic assumptions used in the economic analysis of the Coal Reserves
such as foreign exchange, inflation and discount rates have been determined through
detailed analysis by South32 corporate functions.
Key sensitivities are price, exchange and operating cost.
The NPV is most sensitive to Coking Coal benchmark price, the exchange rate and
operating costs.
Illawarra Coal’s assets are located in an area of high environmental and community
sensitivity and high geologic complexity. A process is in place to ensure that mine
layouts are constructed within clearly demarcated zones that take surface and
underground features and structures into account. These areas are known as Coal
Extraction Zones (CEZ).
Key stakeholder agreements are in place to cover all day to day operations. The
exceptions are; a cooperative development agreement with AGL for access to areas
covered by their Petroleum Production Leases (PPL2 & PPL4); private landholder
agreements which are negotiated on an as needs basis in accordance with the
relevant legislative requirements; and, ongoing negotiations with Wollondilly Shire
Council in regard to the management plan for mining related impacts to Harris Creek
cliff line (in proximity to Longwall 901 at Appin). None of these are exceptions are
expected to have a material impact on the declared Reserves.

Other



No additional risks have been identified.

Classification



Illawarra Coal classifies the Coal Reserves in line with the following principles:

Probable
o
o

Either Measured or Indicated Coal Resource;
Within current Development Consent boundaries.
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Commentary
Proved
o
o
o







Audits or
reviews




Discussion of
relative
accuracy/
confidence








Only Measured Coal Resource;
Within currently held Mining Leases;
For secondary extraction (Longwall), only those areas with approved
extraction plans.

These principles deliver a conservative outcome in terms of Proved Coal Reserves but
a realistic view of Total Coal Reserves. This is largely driven by the NSW State
Government mining approval processes which result in full permitting of mining
operations generally not being granted more than five years in advance. There is a
significant proportion (42%) of Probable Coal Reserves which are derived from
Measured Coal Resources due to this approval process.
There is some Inferred Coal Resource included within the mining layouts equating to
5.1% of total planned mining, the majority of which is within the Appin mine plan.
These areas will be targeted in the exploration program over the next five years,
however there may remain some areas where confidence cannot be increased until
access for inseam drilling from underground is obtained. The majority of the Inferred
Coal Resource is scheduled for extraction between FY2024 and FY2034. The Inferred
Coal Resource is excluded from the stated Coal Reserves.
The distribution of the Coal Reserves classification is illustrated in Figure 7 and Figure
8.
The stated Coal Reserves reflect the view of the Competent Persons.
The most recent internal audits were carried out in FY2012 and FY2010. No material
risks were identified. The most recent independent audit was conducted in FY2011. No
material risks were identified.
As part of the demerger, an independent expert (Runge Pincock Minarco) produced an
independent Competent Persons report for the Illawarra Metallurgical Coal asset
included in the March 2015 Information Memorandum. This process provides a robust
comparison point for the resource and reserve process. There were no material
issues identified by the independent expert.
The Competent Person has determined the relative accuracy and confidence in the
Coal Reserve estimate is appropriate to declare an Ore Reserve.
There has been a significant amount of operating history at Illawarra Metallurgical
Coal. The resource modelling and reserve estimation techniques are robust and well
understood, and provide a thorough representation of what is mined.
The stated Coal reserves are global estimates.
As a verification of the relative confidence of the Coal Reserve, all geological
information is referenced and checked to ascertain whether variances exist from the
previous year’s models. Any variances are investigated and if present rectified. No
material variances concerning the confidence or accuracy of the Coal Reserve were
identified during FY2015.
Reconciliation of the 1 Jan 2014 to 31 December 2014 production with the Coal
Reserve estimate for the identical volume actually mined was conducted.
Reconciliation factors were generally within 5% of target and all were within 15% of
target.
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Annexure 4 – Figures

Figure 1: Regional location plan
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Figure 2: Regional Location Plan
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Figure 3: Drillhole location plan
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Figure 4: Generalised stratigraphic column of the Southern Coalfield
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Figure 5: FY2015 Coal Resource polygons for Bulli seam

Figure 6: FY2015 Coal Resource polygons for Wongawilli seam
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Coal Reserves upgraded due to final
extraction approval being granted for
901 to 904.

Figure 7: Appin and West Cliff Coal Reserve Classification

Figure 8: Dendrobium Coal Reserve Classification
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