18 AUGUST 2014

ASX Release
Ore Reserve for

Carrapateena underpins
low operating cost, long
life operation
With the completion of the Pre-Feasibility Study for Carrapateena demonstrating a
positive economic outcome, an initial Ore Reserve estimate has been declared.
The Ore Reserve estimate shown below underpins a 24 year mine life.
Carrapateena Ore Reserve estimate as at 15 August 2014
Ore
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Probable

110

0.9

0.5

5.3

1,000

1.7

18

Lift Two

Probable

160

1.0

0.4

4.3

1,500

1.8

21

Total

Probable

270

0.9

0.4

4.5

2,500

3.5

39

Location

Classification

Lift One

Table subject to rounding errors.

Commenting on the Ore Reserve estimate, OZ Minerals’ Managing Director and CEO,
Terry Burgess said, ‘Our recently released Pre-Feasibility Study confirms that we have a
technically and financially viable project at Carrapateena. The project is located in a very
attractive mining jurisdiction and has low operating costs and a long mine life which is
underpinned by the robust Ore Reserve estimate released today.’
The Carrapateena deposit is 100 percent owned by OZ Minerals and is located in the
Gawler Craton in South Australia, approximately 100 kilometres southeast of the BHP
Olympic Dam operation and approximately 250 kilometres southeast of OZ Minerals’
copper-gold operation at Prominent Hill. It is located outside the Woomera Prohibited
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Area and therefore not subject to any access or ownership conditions in this regard
(Figure 1).
Carrapateena is a mineralised zone of haematite breccia and haematised granite within
the granitic basement. It is overlain by 470 metres of cover. The Carrapateena orebody
is a copper mineralised zone in the south-west of the haematite breccia. It is about
300 metres in diameter and extends more than 1000 metres vertically. Economic gold
and silver are also present in the orebody.
The selected mining method for Carrapateena is block caving. The orebody will be
mined in two lifts of approximately 500 metres each, with primary crushing
underground and ore delivery to the plant via conveyor (Figure 2). A mining rate of
12.4 million tonnes per annum is envisaged for the life of the mine after a three year
ramp up period.
Critical to the assessment in the Pre-Feasibility Study on the success of block cave
mining at Carrapateena has been the incorporation of a significant body of
geotechnical analysis confirmed by three independent geotechnical consulting firms.
Part of this work has been the collection of a very significant quantum of geotechnical
data from 104,200 metres of drill core. Approximately 22,000 orientated structures
were measured from all holes. Specimens from all geotechnical domains including
overburden were subject to the full suite of materials testing including triaxial testing
and testing of joint shear strength, ultimate tensile strength and unconfined
compressive strength. Twelve samples were subjected to acoustic emission stress
testing to determine the insitu rock stress within the orebody. A seismic survey was also
shot over the orebody to identify critical geological structures.
The Pre-Feasibility Study envisages accessing the orebody via two declines. The initial
access will be developed by tunnel boring machine (selected for its high development
speed) and the second decline, the production decline, will be developed by drill and
blast.
Ore processing will be by crushing, grinding and flotation methods. The mineralogy is
predominantly chalcopyrite with 15 percent bornite, allowing production of a
30-35 percent copper concentrate grade at 92 percent copper recovery from blended
feed. Gold is recoverable into the flotation concentrate at 70 percent recovery. The
potential penalty elements in the orebody are uranium and fluorine. Test work indicates
that the elements report to the copper concentrate at levels that do not threaten the
marketability of the concentrate.
The project is located close to necessary infrastructure including South Australian grid
electrical power and concentrate transport via the nearby Tarcoola to Adelaide railway
to the port in Adelaide. It is envisaged that water will be drawn from bore fields in the
vicinity of Carrapateena. The terrain and climate at Carrapateena are suited to mining
and South Australia is a highly supportive, very low risk regulatory jurisdiction.
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The Ore Reserve estimate was based on the Mineral Resource estimate as at
1

31 October 2012 (released on 21 January 2013 ). This was subsequently updated as at
1
30 June 2013 (released on 28 November 2013 ).

Figure 1. Carrapateena project location

1

The information in this Release which relates to the Carrapateena Mineral Resource as at 31
October 2012 is extracted from the report entitled the Mineral Resource Explanatory Notes
Carrapateena Project as at 31 October 2012 (‘The MRENC as at 31 October 2012 ’), released to the
market on 21 January 2013 and is available to view at www.ozminerals.com/operations/resources-reserves/reserves-resources-previous-statements.html. The MRENC as at 31 October 2012 has
subsequently been updated as at 30 June 2013 and is named the Annual Carrapateena Mineral
Resource Update and Mineral Resource Explanatory Notes as at 30 June 2013 (‘The ACMRU as at 30
June 2013 ’), which was released to the market on 28 November 2013 and is available to view on
www.ozminerals.com/operations/resources--reserves.html. The company confirms that it is not aware
of any new information or data that materially affects the information included in the ACMRU as at
30 June 2013 and, in the case of Mineral Resources that all material assumptions and technical
parameters underpinning the estimates in the ACMRU as at 30 June 2013 continue to apply and have
not materially changed. The company confirms the form and context in which the Competent
Person’s findings are presented have not been materially modified from the ACMRU as at 30 June
2013.
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Figure 2. Cross section of conceptual mine showing planned infrastructure
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Supporting information for Ore Reserve Estimate
The supporting information below is required, under Chapter 5 of the ASX Listing Rules,
to be included in the market announcement reporting estimates of Ore Reserves. It has
been extracted from the appended Ore Reserves Statement.
The criteria used for classification including the classification of the mineral
resources on which the ore reserves are based and the confidence in the
modifying factors applied.
The Ore Reserves are classified as Probable and are based on an Indicated Resource.
Block caving is a mining method which has less certainty than a more selective method
such as sub-level open stoping. In the case of Carrapateena this is largely related to the
competence of the ore and the relative incompetence of some of the overlying
sediments.
The competence of the ore impacts on the caving of the orebody. Work done in the
Pre-Feasibility Study including modelling indicates that complete cave propagation is
ensured with the application of preconditioning. Further work is required during the
next stage of the project to validate that assessment. That further work entails
underground development to allow detailed geotechnical characterisation of the
orebody. The consequences of incomplete cave propagation are either the stalling of
the cave which will stop production (in this event the use of additional hydrofracturing
and blasting may restart the cave) and or incomplete recovery of the Ore Reserve.
The low competence of some of the sediments overlying the orebody may lead to
higher dilution than has been allowed which in turn will reduce the tonnes of ore
recovered if premature termination of draw points is necessary because of
unacceptable dilution.
It is the opinion of the Competent Person that adequate provisions have been made in
the Pre-Feasibility Study for cave propagation and dilution in the Pre-Feasibility Study.
In light of the risks identified above it should be noted that payback for the
Carrapateena project is achieved six years after first concentrate production or after the
processing of about 60 percent of the Lift One Ore Reserve estimate.
The mining method selected and other mining assumptions including mining
recovery factors and mining dilution factors
Carrapateena is a mineralised zone of haematite breccia and haematised granite within
the granitic basement. It is overlain by 470 metres of barren horizontally-bedded
sandstones, shales and quartzite. The Carrapateena orebody is a zone of moderate
grade copper mineralisation (one percent copper) in the south-west of the haematite
breccia. It is about 300 metres in diameter and extends more than 1000 metres
vertically. Economic gold and silver are present in the orebody.
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Block caving was selected as the mining method. The method is appropriate for
Carrapateena.
The Scoping Study conducted in 2012 assumed shafts would be used for access and
production. The lead time to first production was about seven years. A trade-off study
conducted during the Pre-Feasibility Study showed there to be no material economic
difference between a shaft and conveyor for mine production.
For the Pre-Feasibility Study, initial mine access was assumed to be developed using a
tunnel boring machine. The tunnel boring machine was chosen for its development
speed and because the conveyor used for the tunnel boring machine was of sufficient
capacity to handle the development requirements of the block cave mine. The second
decline was assumed to be developed by drill and blast. It will accommodate the
production conveyor. The lead time to production was about five and a half years.
Caving the orebody in one, two and three lifts was considered. A single lift of
1000 metres is outside industry practice and was ruled out. A comparison of two and
three cave lifts revealed little economic difference between the options. The additional
capital required to mine three lifts was balanced by earlier access to high grade ore.
Two lifts of approximately 500 metres high were selected because the likelihood of
interference between the lifts was lower. The undercut of Lift One was set at 4160RL
and that of Lift Two at 3660RL. Each lift is comprised of an array of drawpoints.
The lateral extents of the lifts were determined by:
•
•
•

Identifying all profitable drawpoints of each lift.
Removing those zones of drawpoints not contiguous with the main zone and not
of sufficient size to cave.
Smoothing of the drawpoint array of the main zone to create a sensible shape for
caving.

Profitable drawpoints were those where the costs of drawpoint construction, mining,
processing and general and administration costs were exceeded by the value of diluted
ore above the drawpoint. Profitability was assessed using Indicated ore only - Inferred
grades were set to zero. Once the profitable drawpoints were identified Inferred grades
reporting to those drawpoints were reset.
Ore dilution in drawpoints was modelled using BlockCave software which was
developed by NCL Ingeniería y Construcción Ltd (NCL), the Chilean mining consultancy
with significant experience in block caving which completed the mining component of
the Pre-Feasibility Study. This software incorporates dilution mixing algorithms
developed by Laubscher which are industry standards. Mined grades were calculated
using a dilution entry point of 50 percent on a single mixing cycle. The potential exists
for high dilution from the low competency sediments overlying the orebody. The
impact of varying the dilution entry point and number of mixing cycles on the ore
reserves calculation was examined. The dilution entry point was varied from 50 percent
to 10 percent and the number of mixing cycles from one to three. The analysis showed
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that varying the mixing parameters within reasonable industry limits did not have a
significant impact on the Ore Reserve estimate. Further analysis with more
sophisticated tools was recommended for future studies.
The mineralisation is massive showing broadly spaced joints and has intact rock
strengths ranging from about 120 to 150 megapascals. Rock mass rating (Bienwiawski)
shows typical values ranging from 70 to 80. This is equivalent to rock mass rating
(Laubscher) of 63 to 72. Pre-conditioning, which is planned for the project will lower
this range by approximately five.
Acoustic emission stress measurements indicate principal stresses of 50 megapascals
and 80 megapascals at the undercut levels of Lift One and Lift Two respectively. The
principal stress is orientated west-south-west to east-north-east and is sub-horizontal.
An analysis of caveability using Laubscher’s Caveability graph indicated that the cave
would propagate without any problem. However the caveability graph of Karzulovic
and Flores indicated that there would be problems with full propagation of the cave due
to the high aspect ratio of the cave.
Modelling of cave propagation through the in-situ rock mass by Beck Engineering also
indicated that the cave would not propagate fully. Further analysis by Beck Engineering
examined the impact of preconditioning on the caveability of the orebody. This work
confirmed that the application of preconditioning using hydrofracturing and confined
blasting would ensure full propagation of the cave.
The Teniente layout was selected for the extraction level for its ease of construction, the
ability to better orient drives with respect to stress directions and its improved loading
productivity. A drawbell spacing of 32 metres x 17 metres was selected for Lift One and
34 metres x 17 metres for Lift Two.
Post-undercutting with a high undercut was the selected method of undercutting. It
allows for simpler construction scheduling and a shorter production ramp up. It does
however increase the likelihood of damage to the extraction level due to the effects of
abutment stress. Preconditioning will reduce the effects of stress. In addition
development on the extraction level will be limited to that needed for efficient
undercutting until the abutment stress has passed.
A series of production simulations were carried out culminating in an estimated
production rate of 12.4 million tonnes per annum. The simulations examined a number
of crusher configurations and took into account draw point hang up frequency and
secondary breakage requirements.
A fleet of 12 operating load haul dump loaders will deliver ore from drawpoints into
two jaw-gyratory crushers located on the periphery of the extraction level. The
dimensions of the footprints are such that loader travelling distance will not be
excessive. Coarsely fragmented ore will be easier to manage using this system.
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The subsidence crater at the end of mine life will be about two kilometres in diameter
projected upwards at 60 degrees from the Lift Two undercut. All mine development and
surface infrastructure were designed to be outside the zone of influence of the final
subsidence.
Dilution from the overlying sediments will give rise to the potential for mud rushes.
There is potential for rock bursts on the second lift and heavy dynamic ground support
may be required.
In the estimation of the Ore Reserve, Inferred mineralisation included in the block cave
was treated as waste as is required by JORC.
Inferred mineralisation was included in the mining inventory and in economic analyses
only to the extent that its recovery is required to access Indicated mineralisation.
Lift One which provides the first ten years of ore production contains only
0.4 million tonnes at 0.4 percent copper of Inferred mineralisation. Lift Two contains
13 million tonnes at 0.8 percent copper of Inferred mineralisation. Inferred mineralisation
is therefore not material to the economics of the Carrapateena Ore Reserves estimate as
stated.
Detailed mine designs and development schedules were created for the entire mine. These
included access declines, ventilation drives and rises, the four main levels for each cave lift,
those being undercut, extraction, intake ventilation and exhaust ventilation as well as
ancillary development for pump stations, workshops, offices, magazines and stores.
The infrastructure required for the development and operation of the mine was designed,
scheduled and costed. This included:
•
•
•

•
•
•

A conveyor system for haulage of 12.4 million tonnes per annum of production
ore and additional development ore and waste from 1500 metres depth.
Two jaw-gyratory crushers for each lift with a combined capacity of
20 million tonnes per annum per lift.
A ventilation system capable of delivering 1200 cubic metres per second of air to
the mine during the period of peak demand when Lift One is in production and
Lift Two is under development.
A refrigeration plant located on surface capable of delivering 23 megawatts
(refrigeration) of cooling power to fresh air being drawn into the mine.
Mine dewatering of Lifts One and Two sized to cater for both steady state inflows
and transient inflows up to 70 litres per second.
Underground mine services including electrical power distribution,
communications, water reticulation, fire services, compressed air, fuel distribution
and concrete.
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The processing method selected and other processing assumptions including the
recovery factors applied and the allowances made for deleterious elements
The metallurgical process proposed for Carrapateena is well-tested and consists of:
•
•
•
•
•
•
•
•

Crushed ore stockpiling and reclaiming;
Grinding, classification and pebble crushing;
Rougher flotation;
Rougher concentrate regrind;
Scalping of rougher concentrate to final concentrate;
Three stages of cleaner flotation;
Concentrate thickening and filtration;
Tailings thickening and disposal.

Comprehensive metallurgical test work of the Carrapateena orebody was used to establish
the metal recoveries and concentrate grades of both profitable and penalty elements used
in the Pre-Feasibility Study. The key metallurgical factors for concentrates were a grade of
30-35 percent copper at 92 percent recovery and 8 grams per tonne gold at 70 percent
recovery.
The potential penalty elements in the orebody are uranium and fluorine. Test work
indicates that the elements report to the copper concentrate at levels which do not
threaten the marketability of the concentrate.
The basis of the cut-off grade or quality parameters applied.
Ore values at Carrapateena are stated in terms of a net smelter return per tonne of ore.
The net smelter return represents the value of payable metals in concentrates net of
concentrate transport and handling costs, smelting and refining costs and royalties.
A net smelter return cut-off value of $23 per tonne was used for the Ore Reserve estimate.
The cut-off value, which equates to the total on-site operating costs, was based on costs
estimated in the 2012 Scoping Study of Carrapateena and which are shown below. It was,
in effect, the initial value which allowed the estimation of the Ore Reserve and production
rate used as bases for the Pre-Feasibility Study. On-site operating costs were subsequently
estimated at $20 per tonne in the Pre-Feasibility Study.

Activity
Mining
Processing
G&A
Total
Rounded up to

Cost (A$/tonne)
8.13
9.89
4.00
22.02
23.00
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Estimation methodology
See section above entitled ‘The mining method selected and other mining assumptions
including mining recovery factors and mining dilution factors’.
Material modifying factors including the status of environmental approvals,
mining tenements and approvals, other governmental factors and infrastructure
requirements methods for selected mining methods and for transportation to
market.
The key approvals stakeholders for the project are the South Australian Department of
State Development (DSD) which regulates mining activities in the state and the Federal
Department of the Environment which administers the Environment Protection and
Biodiversity Conservation Act 1999 (Cth). The key land access stakeholders are the
Kokatha Uwankara people who have made a native title claim over the area and the
pastoral lease holders of Pernatty Station which covers much of the project area.
OZ Minerals has established strong relationships with each of these stakeholders to ensure
they are involved in the ongoing development of the project and support for the project
across all stakeholders remains high.
An approvals and land access plan has been developed, covering a three year period
nominally from 2014 to 2016, to ensure the appropriate regulatory approvals are in place
prior to the commencement of site early works. The necessary Mining Lease Proposal
documentation and supporting environmental baseline work is complete and has been
prepared as an appendix to the Pre-Feasibility Study which can be submitted as soon as
the project proceeds to Feasibility Study. The development of the exploration decline, a
critical part of the Feasibility Study, will be conducted under Retention Lease 127, which is
already approved by all regulators and stakeholders. Retention Lease 127 is valid for five
years.
It was recommended based on project knowledge to date that OZ Minerals pursue an
approvals process similar to that followed for the Prominent Hill project. This would
involve completing a Mining Lease Proposal with addenda for off lease infrastructure.
OZ Minerals has a developed compliance and communications system for recognising
permits required, expiry date of existing permits and any communications relating to the
legal requirements of the project. This process has been established across Prominent Hill
and the Carrapateena Retention Lease and will continue to be followed for the Mining
Lease stage of the project.
Water for mining, the processing of ore and other site activities was assumed to come
from groundwater in the Carrapateena region. Test drilling has demonstrated the
feasibility of providing the required water from a borefield. Further exploration will be
required to confirm the adequacy of the groundwater supplies.
It has been assumed that all government permits and licences or statutory approvals will
be granted.

10

Competent Persons Statement
The information in this announcement that relates to Ore Reserves is based on and fairly
represents information and supporting documentation compiled by Justin Taylor BEng
(Min), member of the Australasian Institute of Mining and Metallurgy (AusIMM
Membership No. 307796). Justin Taylor is a full time employee of OZ Minerals Limited.
Justin Taylor is a shareholder in OZ Minerals Limited and is entitled to participate in the OZ
Minerals Performance Rights Plan. Justin Taylor has sufficient experience that is relevant to
the style of mineralisation and type of deposit under consideration and to the activity
being undertaken to qualify as Competent Person as defined in the 2012 Edition of the
‘Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore
Reserves’ (JORC 2012). Justin Taylor consents to the inclusion in this announcement of the
matters based on his information in the form and context in which they appear.

For further information please contact:
Investors
Natalie Worley
T 61 3 9288 0345
M 61 0409210462
natalie.worley@ozminerals.com
Media
Rachel Eaves
T 61 3 9288 0252
M 61 0419852045
rachel.eaves@ozminerals.com
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Carrapateena Ore Reserves 15 August 2014
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1. INTRODUCTION
The Carrapateena Ore Reserves Statement relates to the Carrapateena copper-gold deposit located in
central South Australia (Figure 1). Carrapateena is located approximately 130 kilometres north from the
regional centre of Port Augusta, approximately 100 kilometres south-east of the BHP Olympic Dam site
and approximately 250 kilometres south-east of OZ Minerals’ Prominent Hill copper-gold mine.
Figure 1: Project Location

OZ Minerals acquired the Carrapateena project in 2011 and a Pre-Feasibility Study has been completed
for the project which envisages mining the deposit via underground block-caving methods.
The Carrapateena deposit is approximately 470 metres below surface and is hosted in a brecciated granite
complex with both bornite and chalcopyrite copper mineralisation present.
The maiden Carrapateena Ore Reserve estimate is shown below.
The Ore Reserve estimate was drawn from the Carrapateena Pre-Feasibility Study and this Reserve
Statement should be read in conjunction with the Pre-Feasibility Study.
In the estimation of the Ore Reserve, Inferred mineralisation included in the block cave was treated as
waste as is required by JORC.

2

Carrapateena Ore Reserves 15 August 2014
Explanatory Notes
Inferred mineralisation was included in the Pre-Feasibility Study mining inventory and in the economic
analysis only to the extent that its recovery is required to access Indicated mineralisation. Lift One which
provides the first ten years of ore production contains only 0.4 million tonnes at 0.4 percent copper of
Inferred mineralisation. Lift Two contains 13 million tonnes at 0.8 percent copper of Inferred
mineralisation. Inferred mineralisation is therefore not material to the economics of the Carrapateena Ore
Reserves estimate as stated.
The table is subject to rounding errors. All dollars are expressed as Australian Dollars unless noted.
Carrapateena Ore Reserves Estimate, 15 August 2014
Classification

Ore
Mt

Cu
%

Au
g/t

Ag
g/t

Cu
(kt)

Au
(Moz)

Ag
(Moz)

Lift 1

Probable

110

0.9

0.5

5.3

1,000

1.7

18

Lift 2

Probable

160

1.0

0.4

4.3

1,500

1.8

21

Total

Probable

270

0.9

0.4

4.5

2,500

3.5

39

Location

2. RESERVE CONSIDERATIONS
A Net Smelter Return (NSR) cut-off value of $23 per tonne was used for the Ore Reserve. The cut-off
value, which equates to the total on-site operating costs, was based on costs estimated in the 2012
Scoping Study for Carrapateena which are shown in Table 1 below. It was, in effect, the initial value which
allowed the estimation of the Ore Reserve and production rate used as the basis for the Pre-Feasibility
Study. On-site operating costs were subsequently estimated at $20 per tonne in the Pre-Feasibility Study.
Block caving is a mining method which has less certainty than a more selective method such as sub-level
open stoping. In the case of Carrapateena this is largely related to the competence of the ore and the
incompetence of some of the overlying sediments.
Carrapateena is a competent orebody that may not cave without preconditioning. Work done in the PreFeasibility Study including modelling indicates that complete cave propagation is ensured with the
application of preconditioning. Further work is required during the next stage of the project to validate
that assessment. That further work entails underground development to allow detailed geotechnical
characterisation of the orebody. The consequences of incomplete cave propagation are either (or both of),
the stalling of the cave, which will stop production or the incomplete recovery of the Ore Reserves as
estimated. In the event of cave stalling the use of additional hydrofracturing and blasting may restart the
cave.
It is the opinion of the Competent Person that adequate provision has been made for dilution in the PreFeasibility Study, however the low competence of some of the sediments overlying the orebody may lead
to higher dilution than has been allowed which in turn will reduce the tonnes of ore recovered.
In light of the risks identified above it should be noted that payback for the Carrapateena project is
achieved 5.5 years after first concentrate production or after the processing of about 60 percent of the
Lift One Ore Reserve.
Compliance with the JORC code assessment criteria
This Ore Reserve statement has been compiled in accordance with the guidelines defined in the
Australasian Code for Reporting of Exploration Results, Mineral Resources and Ore Reserves (The JORC
Code, 2012 Edition).
The information in this report that relates to Ore Reserves is based on and fairly represents information
and supporting documentation compiled by Justin Taylor BEng (Min), member of the Australasian
Institute of Mining and Metallurgy (AusIMM Membership No. 307796). Justin Taylor is a full time
employee of OZ Minerals Limited. Justin Taylor is a shareholder in OZ Minerals Limited and is entitled to
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participate in the OZ Minerals Performance Rights Plan. Justin Taylor has sufficient experience that is
relevant to the style of mineralisation and type of deposit under consideration and to the activity being
undertaken to qualify as Competent Person as defined in the 2012 Edition of the ‘Australasian Code for
Reporting of Exploration Results, Mineral Resources and Ore Reserves’ (JORC 2012). Justin Taylor consents
to the inclusion in this announcement of the matters based on his information in the form and context in
which it appears.
Justin Taylor
Principal Mining Engineer
OZ Minerals

Compliance Statement - Mineral Resources
The information in this report which relates to the Carrapateena Mineral Resource as at 31 October 2012 is
extracted from the report entitled the Mineral Resource Explanatory Notes Carrapateena Project as at 31
October 2012 (‘The MRENC as at 31 October 2012 ’), released to the market on 21 January 2013 and is
available to view at www.ozminerals.com/operations/resources--reserves/reserves-resources-previousstatements.html. The MRENC as at 31 October 2012 has subsequently been updated as at 30 June 2013 and
is named the Annual Carrapateena Mineral Resource Update and Mineral Resource Explanatory Notes as at
30 June 2013 (‘The ACMRU as at 30 June 2013 ’), which was released to the market on 28 November 2013 and
is available to view on www.ozminerals.com/operations/resources--reserves.html. The company confirms that
it is not aware of any new information or data that materially affects the information included in the ACMRU
as at 30 June 2013 and, in the case of Mineral Resources that all material assumptions and technical
parameters underpinning the estimates in the ACMRU as at 30 June 2013 continue to apply and have not
materially changed. The company confirms the form and context in which the Competent Person’s findings
are presented have not been materially modified from the ACMRU as at 30 June 2013.
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JORC Code, 2012 Edition – Table 1
Section 1 Sampling Techniques and Data, Section 2 Reporting of Exploration Results and Section 3
1
Estimation and Reporting of Mineral Resources have been reported previously.
Section 4 Estimation and Reporting of Ore Reserves
Criteria
Commentary
Mineral
Resource
Estimate for
Conversion to
Ore Reserves

A Carrapateena Mineral Resource was declared as at 31 October 2012 1, with a release date
of 21 January 2013. This resource is the basis for the Pre-Feasibility Study and this Reserve.
Explanatory Notes were issued in accordance with the requirements of JORC 2004.
The Mineral Resource block model used for the estimation of the Ore Reserves was
Material_Type_Model_040713_Export.csv
This block model was generated for the Carrapateena Pre-Feasibility Study on 4 July 2013.
There were no material differences between the two Mineral Resource models apart from
the addition of comminution and geo-metallurgical variables to the later model to enable
the inclusion of these data in mining schedules.
Consequently this Ore Reserve is not accompanied by the declaration of a Mineral
Resource.
The 31 October 2012 Resource was subsequently updated to a new Resource as at 30 June
2
2013 (release date 28 November 2013). The updated Resource was issued in accordance
with the requirements of JORC 2012. The Pre-Feasibility Study and this Reserve do not
include consideration of the additional Mineral Resources added in the 30 June 2013
Resource.

Site Visits

The Competent Person has visited site. The visits were for the inspection of core, liaison
with consultants and discussions regarding the siting of mining and other infrastructure.

Study Status

A Pre-Feasibility Study of the Carrapateena deposit has been completed. This study was
the basis for the Ore Reserve estimate. The Pre-Feasibility Study determined that the mine
plan is technically achievable and economically viable after due consideration of all
modifying factors.

Cut off
Parameters

Ore values at Carrapateena are stated in terms of a Net Smelter Return (NSR) per tonne of
ore. The NSR represents the value of payable metals in concentrates net of concentrate
transport and handling costs, smelting and refining costs and royalties.
An NSR cut-off value of $23 per tonne was used for the Ore Reserve. The cut-off value,
which equates to the total on-site operating costs, was based on costs estimated in the
2012 Scoping Study for Carrapateena which are shown below. It was, in effect, the initial
value which allowed the estimation of the Ore Reserve and production rate used as the
basis for the Pre-Feasibility Study. On-site operating costs were subsequently estimated at
$20 per tonne in the Pre-Feasibility Study.

1
2

See Mineral Resource compliance statement on page 4.
See Mineral Resource compliance statement on page 4.
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Criteria

Mining
Factors or
Assumptions

Commentary
Activity

Cost ($/tonne)

Mining

8.13

Processing

9.89

G&A

4.00

Total

22.02

Rounded up to

23.00

Carrapateena is a mineralised zone of haematite breccia and haematised granite within a
granitic basement. It is overlain by 470 metres of barren horizontally-bedded sandstones,
shales and quartzite. The Carrapateena orebody is a zone of moderate grade copper
mineralisation (one percent copper) in the south-west of the haematite breccia. It is about
300 metres in diameter and extends more than 1,000 metres vertically. Economic gold and
silver are also present in the orebody.
Block caving was selected as the mining method. The method is appropriate for
Carrapateena.
The Scoping Study conducted in 2012 assumed shafts would be used for access and
production. The lead time to first production was about seven years. A trade-off study
conducted during the Pre-Feasibility Study showed there to be no material economic
difference between a shaft and conveyor for mine production.
For the Pre-Feasibility Study, initial mine access was assumed to be developed using a
Tunnel Boring Machine (TBM). The TBM was chosen for its development speed and
because the conveyor used for the TBM was of sufficient capacity to handle the
development requirements of the block cave mine. The second decline was assumed to be
developed by drill and blast. It will accommodate the production conveyor. The lead time
to production was about 5.5 years.
Caving the orebody in one, two and three lifts was considered. A single lift of 1,000 metres
is outside industry practice and was ruled out. A comparison of two and three cave lifts
revealed little economic difference between the options. The additional capital required to
mine three lifts was balanced by earlier access to high grade ore. Two lifts of approximately
500 metres high were selected because the likelihood of interference between the lifts was
lower. The undercut of Lift One was set at 4160RL and that of Lift Two at 3660RL. Each lift is
comprised of an array of drawpoints.
The lateral extents of the lifts were determined by:
•
•
•

Identifying all profitable drawpoints of each lift.
Removing those zones of drawpoints not contiguous with the main zone and not of
sufficient size to cave.
Smoothing of the drawpoint array of the main zone to create a sensible shape for
caving.

Profitable drawpoints were those where the costs of drawpoint construction, mining,
processing and general and administration costs were exceeded by the value of diluted ore
above the drawpoint. Profitability was assessed using Indicated ore only - Inferred grades
were set to zero. Once the profitable drawpoints were identified Inferred grades reporting
to those drawpoints were reset.
Ore dilution in drawpoints was modelled using BlockCave software which was developed
by an international mining consultancy with significant experience in block caving which
6
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completed the mining component of the Pre-Feasibility Study. This software incorporates
dilution mixing algorithms developed by Laubscher which are industry standard. Mined
grades were calculated using a dilution entry point (DEP) of 50 percent on a single mixing
cycle. The potential exists for high dilution from the low competency sediments overlying
the orebody. The impact of varying the DEP and number of mixing cycles on the ore
reserves calculation was examined. The DEP was varied from 50 percent to 10 percent and
the number of mixing cycles from one to three. The analysis showed that varying the
mixing parameters within reasonable industry limits did not have a significant impact on
the Ore Reserve. Further analysis with more sophisticated tools was recommended for
future studies.
The block cave design is based on a very comprehensive geotechnical assessment with
data sufficient for a project at Pre-Feasibility Study stage.
Geotechnical data was gathered in two drilling campaigns undertaken by Teck and
more recently by OZ Minerals. Teck recovered 54,700 metres of core from a drilling
campaign dominated by vertical holes and point load tested basement rocks from five
drill holes. Teck recorded orientated structure from four holes. Basement core samples
were tested for UCS, UTS and elastic modulus. The OZ Minerals program recovered
49,500 metres of diamond core from inclined holes and cored a limited number of holes
through the overburden.
Specimens from all domains including overburden were sent for the full suite of
materials testing including triaxial testing and testing of joint shear strength.
Approximately 22,000 orientated structures were measured from all holes. Twelve
samples from various levels within the orebody were subjected to acoustic emission
stress testing. OZ Minerals drilled three water bores above the orebody in order to test
aquifers in the overburden. OZ Minerals also had 19 lines of seismic survey shot over
the top of the orebody in order to better define the various horizons and major
structures traversing the mine area.
The mineralisation is massive showing broadly spaced joints and has intact rock strengths
ranging from about 120 MPa to 150 MPa. Rock Mass Rating RMR (Bienwiawski) shows
typical values ranging from 70 to 80. This is equivalent to RMR (Laubscher) of 63 to 72.
Preconditioning, which is planned for the project will lower this range by approximately
five.
Acoustic emission stress measurements indicate that the principal stresses are 50 Mpa and
80MPa at the undercut levels of Lift One and Lift Two respectively. The principal stress is
orientated WSW – ENE and is sub-horizontal.
An analysis of caveability using Laubscher’s Caveability graph indicated that the cave would
propagate without any problem. However the caveability graph of Karzulovic and Flores
indicated that there could be problems with full propagation of the cave due to the high
aspect ratio of the cave.
Modelling of cave propagation through the in-situ rock mass also indicated that the cave
would not propagate fully. Further analysis examined the impact of preconditioning on the
caveability of the orebody. This work confirmed that the application of preconditioning
using hydrofracturing and confined blasting would ensure full propagation of the cave.
The Teniente layout was selected for the extraction level for its ease of construction, the
ability to better orient drives with respect to stress directions and its improved loading
productivity. A drawbell spacing of 32 metres x 17 metres was selected for Lift One and 34
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metres x 17 metres for Lift Two.
Post-undercutting with a high undercut was the selected method of undercutting. It allows
for simpler construction scheduling and a shorter production ramp up. It does however
increase the likelihood of damage to the extraction level due to the effects of abutment
stress. Preconditioning will reduce the effects of stress. In addition development on the
extraction level will be limited to that needed for efficient undercutting until the abutment
stress has passed.
A series of production simulations were carried out culminating in an estimated production
rate of 12.4 million tonnes per annum. The simulations examined a number of crusher
configurations and took into account draw point hang up frequency and secondary
breakage requirements.
A fleet of twelve operating LHD’s will deliver ore from drawpoints into two jaw-gyratory
crushers located on the periphery of the extraction level. The dimensions of the footprints
are such that loader travelling distance will not be excessive. Coarsely fragmented ore will
be easier to manage using this system.
The subsidence crater at the end of mine life will be about two kilometres in diameter
projected upwards at 60 degrees from the Lift Two undercut. All mine development and
surface infrastructure were designed to be outside the zone of influence of the final
subsidence.
Dilution from the overlying sediments will give rise to the potential for mud rushes. There is
potential for rock bursts on the second lift and heavy dynamic ground support may be
required. All of these issues have been accounted for in the design, mine plan and cost
estimates for the project.
In the estimation of the Ore Reserve, Inferred mineralisation included in the block cave was
treated as waste as is required by JORC.
Inferred mineralisation was included in the mining inventory and in economic analyses only
to the extent that its recovery is required to access Indicated mineralisation. Lift One which
provides the first ten years of ore production contains only 0.4 million tonnes at 0.4 percent
copper of Inferred mineralisation. Lift Two contains 13 million tonnes at 0.8 percent copper
of Inferred mineralisation. Inferred mineralisation is therefore not material to the
economics of the Carrapateena Reserves as stated.
Detailed mine designs and development schedules were created for the entire mine. These
included access declines, ventilation drives and rises, the four main levels for each cave lift,
those being undercut, extraction, intake ventilation and exhaust ventilation as well as
ancillary development for pump stations, workshops, offices, magazines and stores.
The infrastructure required for the development and operation of the mine was designed,
scheduled and costed. This included:
•
•
•

•

A conveyor system for haulage of 12.4 million tonnes per annum of production ore
and additional development ore and waste from 1,500 metres depth.
Two jaw-gyratory crushers for each lift with a combined capacity of 20 million
tonnes per annum per lift.
A ventilation system capable of delivering 1200 cubic metres per second of air to
the mine during the period of peak demand when Lift One is in production and Lift
Two is under development.
A refrigeration plant located on surface capable of delivering 23 megawatts
(refrigeration) of cooling power to fresh air being drawn into the mine.
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•

Metallurgical
Factors or
Assumptions

Mine dewatering of Lift One and Lift Two sized to cater for both steady state inflows
and transient inflows up to 70 litres per second.
Underground Mine Services including Electrical Power Distribution,
Communications, Water Reticulation, Fire Services, Compressed Air, Fuel
Distribution and Concrete.

The metallurgical process proposed for Carrapateena is well-tested and consists of:
•
•
•
•
•
•
•
•

Crushed ore stockpiling and reclaiming.
Grinding, classification and recycle crushing.
Rougher flotation.
Rougher concentrate regrind.
Scalping of rougher concentrate to final concentrate.
Three stages of cleaner flotation.
Concentrate thickening and filtration.
Tailings thickening and disposal.

The metallurgical test work program was based on experience at Prominent Hill. This
deposit is geologically similar to Carrapateena though there are differences in mineralogy
and uranium content.
The test work was carried out under the direction of OZ Minerals on samples selected from
drill core utilising a geo-metallurgical approach - material types were defined by
comminution and flotation class utilising the down drill hole assay chemistry. All
comminution classes were sampled and tested. The flotation classes tested covered 96% of
the contained copper metal. This ensured sound sample representation of the
comminution and geo-metallurgical domains within the ore body.
Bench test work conducted to enable the development of process design criteria included:
•
•
•
•
•

40 comminution tests.
300 flotation tests, including locked cycle tests.
Filtration and thickening test work.
Regrind signature test work.
Extensive mineralogy.

The potential penalty elements in the orebody are uranium and fluorine. Test work
indicates that the elements report to the copper concentrate at levels that do not threaten
the marketability of the concentrate.
A 20 tonne bulk sample was collected from two diamond drill holes drilled specifically for
metallurgical test work in a grinding and flotation pilot plant. The sample was tested and
shown to be characteristic of the orebody in metal grades and mineralogy.
Metallurgical test work on the bulk sample confirmed the metal recoveries and concentrate
grades of all elements used in the Pre-Feasibility Study. The process design criteria which
were used for the specification of the processing plant were also confirmed. Resultant key
metallurgical factors for concentrates were a grade of 30-35 percent copper at 92 percent
recovery and 8 grams per tonne gold at 70 percent recovery. The economic analysis of
Carrapateena used these metallurgical factors.
Once full production is established at Carrapateena ore will be mined continuously across
the entire footprint of the orebody. The mine will produce a blend of the various
metallurgical domains. There is reasonable metallurgical variability between the domains
but the mine schedules show very little variability.
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Dilution increases in each lift as the percentage of ore extracted increases. Diluted samples
(25 percent and 50 percent dilution) of ore were tested and showed the metallurgical
characteristics of the ore to be relatively insensitive to dilution.

Environmental

The Carrapateena project is located in the Gawler Interim Biogeographic Regionalisation of
Australia (IBRA) Bioregion, which is characterised by semi-arid to arid, flat topped to
broadly rounded hills of the Gawler Range Volcanics and Proterozoic sediments.
The establishment of the environmental baseline for Carrapateena commenced in 2007
under the previous owners program managed by Teck Australia Pty Ltd and was further
developed in 2012 by OZ Minerals with the initial focus being the approved Retention
Lease (RL127). Baseline data collection continued through 2013 within and beyond the
Retention Lease to take in potential infrastructure corridors and to further develop a
regional groundwater model, inclusive of springs, surface water systems and ecosystem
connections.
The project as presented has been thoroughly assessed for ecological, industrial and social
environmental risks and determined to have a low risk profile.

Infrastructure

Carrapateena is a greenfields site. Existing infrastructure is only sufficient for exploration
work and exploration and studies personnel.
Apart from infrastructure required for the mine detailed above, the following infrastructure
has been designed, scheduled and costed as part of the Pre-Feasibility Study:
•

•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

•

Site Development and Major Civil Infrastructure – including clearing, leveling and
bulk earthworks, access roads linking the various operational centres (Mine, Process
Plant, Village etc.), drainage and surface runoff capture and containment, fencing
and establishment of clean/dirty and security zones.
Regional Power Supply – including access to the national energy network and
provision of transmission infrastructure.
Regional Water Supply – including access to a groundwater source with sufficient
sustainable capacity enabling mining, processing and other services operations. The
scope includes delivery of the water from the remote source to storage on the
lease.
Ore stockpiling and reclaiming.
Grinding, classification and recycle crushing.
Rougher flotation.
Rougher concentrate regrind.
Scalping of rougher concentrate to final concentrate.
Three stages of cleaner flotation.
Concentrate thickening, filtration and storage.
Tailings thickening and disposal.
Reagent mixing, storage and distribution.
Water distribution.
Communications – includes all onsite communications systems and infrastructure
and also the connection to the national communications network offsite.
Control Systems – includes the hardware and systems required to integrate the
mining, processing and other systems and the base for the operating area systems.
Onsite Services – including reticulation of power and water around the operational
centres, provision of lighting, sewage and waste water services, fire, compressed air
and dust suppression systems, and waste disposal.
Buildings – including provision of accommodation, administration, workshops,
warehousing and any other non-process or mining structures.
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•

•

Costs

Site Access – including access road provisions from offsite, concentrate haul road,
rail infrastructure for concentrate handling and the airfield operations for workforce
logistics.
Fixed Plant, Mobile Equipment and Vehicles – including all other infrastructure
systems and plant required for enabling site operations but not covered elsewhere
in the Pre-Feasibility Study.

Capital Costs
Mine excavation costs were based on the contract rates in place at OZ Minerals’ Ankata
Underground Mine at Prominent Hill. Mine equipment costs were based on recent budget
quotations for Ankata. The cost of the TBM tunnel was based on tenders.
The processing plant and infrastructure capital including underground infrastructure was
estimated as follows:

Item

Estimation
Method

Percentage of
Total Cost

Major equipment and turnkey packages

Request for
price

42%

Minor equipment (<$500k), labour and
indirect costs

Historical data

52%

Allowances

6%

All remaining costs

Operating Costs
Labour costs were based on fully developed organisation charts and used OZ Minerals
base rates from existing labour agreements.
Power, fuel, reagent and consumables costs were based on budget quotations.
Process plant and surface infrastructure maintenance materials costs were calculated from
benchmark data.
Pre-production operating costs were capitalised.
Sustaining capital costs are included in operating costs.
Mine operating costs were developed from first principles by NCL and OZ Minerals. The
mine was assumed to be owner-operated.
Processing plant operating costs were developed from first principles by AECOM,
Lycopodium and OZ Minerals.
Concentrate Costs
NSR was calculated as 67 percent of the in-situ metal value. This allows for:
•
•
•
•
•

Metallurgical recoveries
Concentrate transport costs
Smelting and refining charges
Penalties for relevant elements
Royalties
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Parameter

Units

LOM

$/t

157

Concentrate Sea Freight

US$/wmt

53

Copper Concentrate Smelting

US$/dmt

75

Copper Refining

US$/lb

0.075

Gold Refining

US$/oz

5.00

Silver Refining

US$/oz

0.50

Exchange Rate

AUD/USD

0.83

Concentrate Load and Transport

Revenue
Factors

The Ore Reserves were based on the OZ Minerals Life of Mine Corporate Economic
Assumptions derived from the reports of major brokers issued in April 2013.

Parameter

Units

LOM

Copper

US$/lb

3.15

Gold

US$/oz

1,200

Silver

US$/oz

20.00

AUD/USD

0.83

Exchange Rate

Market
Assessment

The Carrapateena concentrate will be a desirable product for most copper smelters, with a
relatively high copper content by world standards and low sulphur content. The copper
grade (30-35 percent on average) is suitable as a custom feed stock, with uranium being
the only element that will require some degree of management.
In terms of product specification, the Carrapateena concentrate will be of a similar quality
to concentrates produced from other Iron Oxide Copper Gold deposits. These concentrates
are typically characterised as having above average copper content, low sulphur, average
gold and silver content and very low impurity levels with the exception of slightly elevated
uranium. Product specifications for other comparable IOCG style concentrates in the
market are, naturally, difficult to obtain however the nearest comparison would be with OZ
Minerals’ Prominent Hill concentrate with respect to specification and marketing terms.
The gold content in the Carrapateena concentrate will be in the range of 8-15 grams per
tonne and will be acceptable to most smelters. Gold and silver payable levels and refining
charges are expected to be in line with industry standards.
Carrapateena concentrates have negligible levels of the penalty elements arsenic, bismuth,
chlorine, lead and mercury.
The uranium and fluorine in concentrate will be below typical penalty levels. OZ Minerals
has successfully marketed a similar concentrate from Prominent Hill since 2009. Established
and mature logistics routes to domestic export ports provide ease of mine-to-market
access.
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Economic

The financial analysis of the project was performed by OZ Minerals using a sophisticated
spreadsheet model similar to that developed for Prominent Hill. The mine production
schedule input to the model was drawn from the Pre-Feasibility Study. Capital and
operating costs input to the model were at a prefeasibility level of accuracy.
The net present value of the Carrapateena project is substantial at discount rates of 8
percent and 10 percent. The net present value is sensitive to copper price and capital cost
but insensitive to operating cost.

Social

The key approvals stakeholders for the project are the South Australian Department of
State Development (DSD) who regulate mining activities in the state and the Federal
Department of the Environment who administer the Environment Protection and
Biodiversity Conservation Act 1999 (Cth). The key land access stakeholders are the Kokatha
Uwankara people who have made a native title claim over the area and the pastoral lease
holders of Pernatty Station which covers much of the project area.
OZ Minerals has established strong relationships with each of these stakeholders to ensure
they are involved in the ongoing development of the project and support for the project
across all stakeholders remains high.
An approvals and land access plan has been developed, covering a three year period
nominally from 2014 to 2016, to ensure the appropriate regulatory approvals are in place
prior to the commencement of site early works. The necessary Mining Lease Proposal
documentation and supporting environmental baseline work is complete and has been
prepared as an appendix to the Pre-Feasibility Study which can be submitted as soon as
the project proceeds to Feasibility Study. The development of the exploration decline, a
critical part of the Feasibility Study, will be conducted under Retention Lease 127, which is
already approved by all regulators and stakeholders. RL127 is valid for five years.
It is recommended based on project knowledge to date that OZ Minerals pursue an
approvals process similar to that followed by the Prominent Hill project. This would involve
completing a Mining Lease Proposal with addenda for off lease infrastructure.
OZ Minerals has a developed compliance and communications system for recognising
permits required, expiry date of existing permits and any communications relating to the
legal requirements of the project. This process has been established across Prominent Hill
and the Carrapateena Retention Lease and will continue to be followed for the Mining
Lease stage of the project.

Other

Water for mining, the processing of ore and other site activities was assumed to come from
groundwater in the Carrapateena region. Test drilling has demonstrated the feasibility of
providing the required water from a bore field. Further exploration will be required to
confirm the adequacy of the groundwater supplies.
It has been assumed that all government permits and licences or statutory approvals
will be granted.

Classification

The Ore Reserves are classified as Probable and are based on an Indicated Resource. The
classification reflects the Competent Persons view of the deposit.

Audits or
Reviews
Discussion of
Relative
Accuracy/
Confidence

The Ore Reserve has not been audited.
Block caving is a mining method which has less certainty than a more selective method
such as sub-level open stoping. In the case of Carrapateena this is largely related to the
competence of the ore and the relative incompetence of some of the overlying sediments.
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Carrapateena is a competent orebody that may not cave completely without
preconditioning. Work done in the Pre-Feasibility Study including modelling indicates that
complete cave propagation is ensured with the application of preconditioning. Further
work is required during the next stage of the project to validate that assessment. That
further work entails underground development to allow detailed geotechnical
characterisation of the orebody. The consequences of incomplete cave propagation are
either the stalling of the cave, which will stop production (in which event the use of
additional hydrofracturing and blasting may restart the cave) and/or incomplete recovery
of the Ore Reserve.
It has been assumed that existing drill holes will be used for preconditioning.
It is the opinion of the Competent Person that adequate provision has been made for
dilution in the Pre-Feasibility Study. However the low competence of some of the
sediments overlying the orebody may lead to higher dilution than has been allowed which
in turn will reduce the tonnes of ore recovered.
In light of the risks identified above it should be noted that payback for the Carrapateena
project is achieved six years after first concentrate production or after the processing of
about 60 percent of the Lift One Ore Reserve.
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