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Notice and Disclaimer

IMPORTANT: You must read the following in conjunction with this Bankable Feasibility Study Update (BFSU).

Summary information in relation to Sheffield

This BFSU contains summary information about Sheffield Resources Limited (ACN 125 811 083) (Company or Sheffield), its subsidiaries and their activities which is current as at the date of this BFSU, unless otherwise indicated. The information in this 

BFSU remains subject to change without notice, and Sheffield is not responsible for updating, nor does it undertake to update, it. This BFSU should be read in conjunction with Sheffield's periodic and continuous disclosure announcements lodged with the 

Australian Securities Exchange (ASX), which are available at http://www.sheffieldresources.com.au/irm/content/asx-announcements1.aspx?RID=398 or www.asx.com.au.

This BFSU should also be read in conjunction with the risks disclosed in Sheffield's ASX announcement released on 10 December 2018.

Industry data

Certain market and industry data used in connection with or referenced in this BFSU, including in relation to other companies inSheffieldôs peer group, may have been obtained from public filings, research, surveys or studies made or conducted by third 

parties, including as published in industry-specific or general publications. Neither Sheffield or their respective representatives have independently verified any such market or industry data.

Compliance Statements

Information and documentation which forms the basis of the Thunderbird BFS and BFSU in relation to Mineral Resources, Ore Reserves and metallurgy and process design has previously been reported as detailed below.  The Company confirms that it is 
not aware of any new information or data that materially affects the information included in the relevant market announcements and, in the case of the July 2016 Thunderbird Mineral Resources and the July 2019 Thunderbird Ore Reserve, that all material 
assumptions and technical parameters underpinning the estimates in the relevant market announcement continue to apply and have not materially changed.  In the case of the announcement entitled ñBFS Update Materially Improves Project Economics" 
dated 31 July 2019, the Company confirms that all material assumptions underpinning any production target and any forecast financial information derived from any production target that is disclosed in this announcement continue to apply and have not 
materially changed. The Company confirms that the form and context of the Competent Person's findings are presented and have not been materially modified from the original market announcements.

Estimates of Mineral Resources and Ore Reserves and exploration results 

This BFSU contains estimates of Sheffieldôs Ore Reserve and Mineral Resources and information that relates to exploration results.  

The Mineral Resources and Ore Reserves of Sheffield have been extracted from Sheffield's ASX releases;

ñBFS UPDATE MATERIALLY IMPROVES PROJECT ECONOMICSò 31 July 2019

ñTHUNDERBIRD ORE RESERVE UPDATEò 31 July 2019

ñHIGH GRADE MAIDEN MINERAL RESOURCE AT NIGHT TRAINò 31 January 2019

ñMINERAL RESOURCE AND ORE RESERVE STATEMENTò 3 October 2018

ñTHUNDERBIRD ORE RESERVE UPDATEò 16 March 2017

ñSHEFFIELD DOUBLES MEASURED MINERAL RESOURCE AT THUNDERBIRDò 5 July 2016

The exploration results have been extracted from Sheffield's ASX releases;

ñNEW LARGE HIGH GRADE DISCOVERY SOUTH OF THUNDERBIRDò 13 November 2018

ñEXCEPTIONAL RESULTS CONFIRM MAJOR DISCOVERY AT NIGHT TRAINò 9 October 2018 

A copy of these announcements is available at http://www.sheffieldresources.com.au/irm/content/asx-announcements1.aspx?RID=398 or www.asx.com.au.

Bankable Feasibility Study (ñBFSò)

This BFSU contains information that relates to a Bankable Feasibility Study.  This information was extracted from the following ASX releases by Sheffield:

THUNDERBIRD BFS DELIVERS OUTSTANDING RESULTSò 24 March, 2017

Other Extracted Information

In addition to those ASX releases referred to above, this BFSU contains information extracted from the following ASX releases:

ñSHEFFIELD SIGNS BINDING PRIMARY ILMENITE OFFTAKE AGREEMENTò 1 July 2019ñQUARTERLY ACTIVITIES REPORTò and "QUARTERLY CASHFLOW REPORT" 30 April 2019

ñADDITIONAL BINDING ZIRCON CONCENTRATE OFFTAKE AGREEMENT SIGNEDò 22 July 2019ñ ñQUARTERLY ACTIVITIES REPORTò and "QUARTERLY CASHFLOW REPORT" 31 July 2019

ñSHEFFIELD SECURES THUNDERBIRD LNG SUPPLY AGREEMENTò 22 January 2019

ñSHEFFIELD SIGNS TAURUS DEBT FACILITY AND EPC CONTRACTò 12 November 2018ñNATIVE TITLE AGREEMENT SIGNED BY TRADITIONAL OWNERSò 1 November 2018

ñFEDERAL ENVIRONMENTAL APPROVAL GRANTED FOR THUNDERBIRDò 28 September 2018ñMINING LEASE GRANTED OVER THUNDERBIRD MINERAL SANDSPROJECTò 26 September 2018

ñNAIF APPROVES LOAN FACILITIES TOTALLING A$95Mò 19 September 2018ñNATIVE TITLE UPDATE: SHEFFIELD SIGNS CO-EXISTENCE AGREEMENTò 10 September 2018

ñFAVOURABLE NATIONAL NATIVE TITLE TRIBUNAL OUTCOMEò 28 August 2018ñSTATE MINISTER FOR ENVIRONMENT APPROVES THUNDERBIRD MINERALSANDS PROJECTò 13 August 2018

ñGRANT OF MISCELLANEOUS LICENCESò  27 June 2018 ñMAIDEN BINDING ILMENITE OFFTAKE AGREEMENTò 21 June 2018

ñADDITIONAL BINDING OFFTAKE SIGNEDò 1 February 2018 ñBINDING OFFTAKE AGREEMENTS EXCEED 50% OF STG 1 REVENUEò 22 December 2017

ñBINDING ZIRCON CONCENTRATE OFFTAKE AGREEMENT SIGNEDò 12 December 2017ñCOMMENCEMENT OF EARLY WORKS AND TRAINING PROGRAMò 4 December 2017

ñSHEFFIELD ANNOUNCES EPC PREFERRED CONTRACTORò 19 October 2017ñSHEFFIELD MANDATES TAURUS FOR US$200M DEBT FACILITYô 18 October2017

ñEPA RECOMMENDS APPROVAL OF THUNDERBIRDò 9 October 2017 ñSHEFFIELD SECURES SECOND BINDING OFFTAKE AGREEMENTò 25 September 2017

ñSHEFFIELD SIGNS MAIDEN BINDING OFFTAKE AGREEMENTò 12 September 2017ñSHEFFIELD LAUNCHES ABORIGINAL EMPLOYMENT PROGRAMò 17 August 2017

ñSHEFFIELD SIGNS CORNERSTONE ILMENITE MOUò 29 May 2017 ñSHEFFIELD SECURES FURTHER ZIRCON OFFTAKE MOUsò 26 April 2017

ñADDITIONAL ZIRCON OFFTAKE MOU SIGNEDò 10 April, 2017 ñTHUNDERBIRD ILMENITE EXCEEDS PREMIUM SPECIFICATIONò 13 March 2017

The Company confirms that it is not aware of any new information or data that materially affects the information included in the relevant market announcements and, in the case of estimates of Mineral Resources and Ore Reserves, that all material 

assumptions and technical parameters underpinning the estimates in the relevant market announcement continue to apply and have not materially changed.  The Company confirms that the form and context in which the Competent Person's findings are 

presented have not been materially modified from the original market announcements.
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Notice and Disclaimer

Not financial product advice 

This Bankable Feasibility Study Update (BFSU), and the information provided in it, does not constitute, and is not intended to constitute, investment or financial product advice (nor tax, accounting or legal advice). This BFSU should not be 
relied upon as advice to investors or potential investors and has been prepared without taking account of any person's individual investment objectives, financial situation or particular needs.  Any investment decision should be made based 
solely upon appropriate due diligence.  Before making an investment decision, prospective investors should consider the appropriateness of the information having regard to their own investment objectives, financial situation and needs and 
seek legal, accounting and taxation advice appropriate to their jurisdiction.  Recipients of this BFSU are advised to consult their own professional advisers.  An investment in any listed company, including Sheffield, is subject to significant 
risks, both known and unknown and including (without limitation) risks of loss of income and capital.  A number of risks are beyond the control of Sheffield. 

Effect of rounding

A number of figures, amounts, percentages, estimates, calculations of value and fractions in this BFSU are subject to the effect of rounding. Accordingly, the actual calculation of these figures may differ from the figures set out in this BFSU.

Financial data 

All currency amounts are in Australian Dollars ($ or A$) unless otherwise stated.

Future performance, forward-looking statements and key risks

This document is to be read in conjunction with the information contained in Appendices and the the BFSU announcement and the Ore Reserve announcement of 31 July 2019.

This BFSU contains certain "forward-looking statements".  Forward-looking statements can generally be identified by the use of forward looking words such as "forecast", "likely", "believe", "future", "project", "opinion", "guidance", "should", 
"could", "target", "propose", "to be", "foresee", "aim", "may", "will", "expect", "intend", "plan", "estimate", "anticipate", "continue", ñindicativeò and "guidance", and other similar words and expressions, which may include, without limitation, 
statements regarding plans, strategies and objectives of management, anticipated production dates, expected costs or production outputs for the Company, based on (among other things) its estimates of future production of the Thunderbird 
Project and the future operation of Sheffield and the Thunderbird Project. 

To the extent that this BFSU contains forward-looking information (including forward-looking statements, opinions or estimates), the forward-looking information is subject to a number of risk factors, including those generally associated with 
the mineral sands industry.  Any such forward-looking statement also inherently involves known and unknown risks, uncertainties and other factors that may cause actual results, performance and achievements to be materially greater or 
less than estimated.  These factors may include, but are not limited to, changes in commodity prices, foreign exchange fluctuations, general economic and share market conditions, increased costs and demand for production inputs, the 
speculative nature of exploration and project development (including the risks of obtaining necessary licenses and permits and diminishing quantities or grades of reserves), changes to the regulatory framework within which the Company 
operates or may in the future operate, environmental conditions including extreme weather conditions, geological and geotechnical events, and environmental issues, and the recruitment and retention of key personnel.

Any forward-looking statements are also based on assumptions and contingencies which are subject to change without notice and which may ultimately prove to be materially incorrect, as are statements about market and industry trends, 
which are based on interpretations of current market conditions.  Investors should consider the forward-looking statements contained in this BFSU in light of those disclosures and not place reliance on such statements. The forward-looking 
statements in this BFSU are not guarantees or predictions of future performance and may involve significant elements of subjective judgment, assumptions as to future events that may not be correct, known and unknown risks, uncertainties 
and other factors, many of which are outside the control of Sheffield. As a result, there can be no assurance that actual outcomes will not materially differ from these forward-looking statements. The forward-looking statements are based on 
information available to Sheffield as at the date of this BFSU. Except as required by law or regulation, Sheffield undertakes no obligation to provide any additional or updated information or update any forward-looking statements, whether as 
a result of new information, future events or results or otherwise. 

Indications of, and guidance on, future performance are also forward-looking statements, and include statements in this BFSU regarding anticipated mine life, expected or indicative costs, indicative revenues, indicative production outputs 
and anticipated production dates.  To the maximum extent permitted by law, Sheffield, and its respective directors, officers, employees, advisers, agents and intermediaries (together, "Relevant Parties") disclaim any obligation or undertaking 
to release any updates or revisions to the information to reflect any change in expectations or assumptions, or any change in events, conditions or circumstances on which any such information or statement is based. Nothing in this BFSU 
will, under any circumstances (including by reason of this BFSU remaining available and not being superseded or replaced by any other BFSU or publication with respect to Sheffield or the subject matter of this BFSU), create an implication 
that there has been no change in the affairs of Sheffield since the date of this BFSU.  

To the maximum extent permitted by law, the Relevant Parties make no representation or warranty (express or implied) as to the fairness, accuracy, reliability, currency, reasonableness or completeness of the contents of this BFSU or any 
other information (whether written or verbal) that the Relevant Parties otherwise provide to the recipient.  The recipient may not rely on the contents of the BFSU or any information in it in making any decision to invest or acquire an interest in 
the Thunderbird Project. To the maximum extent permitted by law, the Relevant Parties are not liable for any direct, indirect or consequential loss or damage suffered (whether foreseeable or not) by any person (whether arising from 
negligence or otherwise) as a result of relying on this BFSU or the information in it, any errors therein or omissions therefrom, or any other written or oral communications transmitted to the recipient in the course of its evaluation of the 
Thunderbird Project, or otherwise in connection with this BFSU or the information in it.

Investment risk 

As noted above, an investment in Sheffield securities is subject to investment and other known and unknown risks, a number of which are beyond the control of Sheffield.  Sheffield (nor its related bodies corporate) does not guarantee any 
particular rate of return or the performance of the Company or the Thunderbird Project, nor does it guarantee the repayment of capital from Sheffield or any particular tax treatment. Prospective investors should make their own enquiries and 
investigations regarding all information in this BFSU, including but not limited to the assumptions, uncertainties and contingencies which may affect future operations of Sheffield and the Thunderbird Project and the impact that different future 
outcomes may have on Sheffield and the Thunderbird Project. 

Not an Offer

This BFSU is for information purposes only and does not constitute or form any part of any offer or invitation to sell or issue, or any solicitation of any offer to purchase or subscribe for, any securities in the Company in any jurisdiction.  This 
BFSU and its contents must not be distributed, transmitted or viewed by any person in any jurisdiction where the distribution, transmission or viewing of this document would be unlawful under the securities or other laws of that or any other 
jurisdiction.
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Bankable 

Feasibility 

Study 

Update 

(BFSU) 

Objectives

ÅReduce Stage 1 capital costs

ÅReduce equity funding gap and maintain approved project debt

ÅEnhance revenue through increased zircon production and 

binding offtake for 100% of product volume

ÅDeliver meaningful improvement in Project NPV and IRR

Å Inform operating and financial assumptions with executed and 

negotiated agreements

ÅSignificantly reduce execution risk of construction, 

commissioning and ramp up

ÅMaintain shovel ready approval status

ÅEngage with key project Stakeholders

Project 

Shovel 

Ready 

Status 

Since  

January 

2019

ÅMining Lease granted and Native Title Agreement executed

ÅState and Federal Environmental Approvals granted

ÅWorks Approval received

ÅExecuted gas supply agreement with Woodside and EDL

ÅNegotiated key agreements for Catering and Mining Services

ÅEarly work completed initial Village accommodation, site 

communications and access road from highway well advanced

ÅTier 1 mining jurisdiction 

Clear set of objectives - zircon focus, reduce capital, increase production and revenue to deliver meaningful

improvements to project financial metrics with reduced risk

Thunderbird Bankable Feasibility Study Update

BFS Update Partners.

Å Process and non process infrastructure design 
CAPEX and OPEX cost

Å Resource Estimation

Å Mining Studies, Mining Cost Estimates and 

JORC  Ore Reserve

Å Tailings Management

Å Bulk Metallurgical test work and analysis

Å Environmental Approval and assessments

entech .
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Comparative analysis - BFSU outcomes compared to prior assumptions

Thunderbird Bankable Feasibility Study Update

ÅReduced Stage 1 capital costs

ÅReduced remaining equity 

requirement

ÅStrong cashflows targeting similar 

debt capacity

ÅRoasting and ilmenite circuit 

removed

Å38% increase to plant capacity 

and throughput

Å10% increase in Ore Reserve

ÅLower unit costs from increased 

plant throughput

ÅShorter mine life & reduced gas 

consumption from LTR removal

ÅOfftake secured for ~100% of 

product revenue Stage 1

ÅRobust pricing - structural supply 

shortage for zircon and TiO2
feedstocks

Metric 2019 BFSU
Previous 

Disclosures
Change

Total Funding 

Requirement
A$478m A$579m1 A$101m (17%)

Equity Requirement A$143m A$251m1 A$108m (43%)

Project Capital A$392m A$463m1 A$71m (15%)

Project Revenue A$15.1B A$13.6B2 A$1.57B (11%)

Project operating costs A$7.21B A$7.63B2 A$0.42B (6%)

NPV10 pre-tax A$1.13B A$0.67B2 A$0.46B (69%)

NPV8 post-tax A$0.98B A$0.62B2 A$0.36B (58%)

IRR pre-tax % 30.1% 24.9%2 5.2% (21%)

Zircon production 

(average ô000tpa)
202 1452 57 (39%)

Offtake ~100% >75% Full

LTR & Ilmenite Process 

Circuit
Not Required Included in Stage 12 Removed

Process Rate (t/hr) 1,085 7882 297 (38%)

Mine Life 37 years 42 years2 5 years (12%)

Long Term Average FX 

Rate (A$/US$)
0.75 0.752 No change

Long Term Zircon Price -

FOB (TZMI)
US$1,469 US$1,3872 US$82 (6%)

Reference:
1. ASX Announcement ñJoint Kimberley-Pilbara Regional Forumò 11 

June 2019
2. ASX Announcement ñThunderbird BFS Delivers Outstanding 

Resultsò 24 March 2017
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Staged Approach to Project Development

Staged development to minimise initial capital costs and delivery risk

Stage 1

Stage 2 

(year 5 of operations)

Timing Å Construction ready

Å First production expected in H2 2021

Å Following full ramp up of Stage 1

Å First production expected in year 5

Scope Å Mining Unit Plant (MUP),  Wet Concentrator Plant 

(WCP), Zircon Processing Plant (ZPP)

Å Power, gas storage, port, road and non-process 

related infrastructure

Å Accommodation village

Å All other logistics systems and infrastructure 

necessary

Å Duplication of Stage 1 Mining and Processing Scope

Å Power station and gas storage increase

Å Accommodation increase

Total 

development 

capital

A$392m1

Å Stage 1 direct capital expenditure

Å Includes long tenor infrastructure and 

improvement capex supported by NAIF funding

A$237m

Å Sheffield's estimate based on BFS Stage 1 To be 

confirmed prior to Stage 2 investment decision and 

implementation

Å May be funded from internal cash flow and/or refinancing 

of Stage 1 debt

Å The large scale of Thunderbird's ore body allows for multiple stages of development, with shared infrastructure from Stage 1

Å As a result, the current execution strategy is planned in two stages of development with the purpose of minimising up front 

capital and delivery risk whilst still ensuring material scale in Stage 1

Å Stage 1 ïSingle line mining, concentrator and zircon processing process plant and all associated site and port infrastructure

Å Stage 2 ïScaled down version of Stage 1 with incremental increase in associated site infrastructure

1. Excludes project finance related funding requirements (cost overrun provision, interest charges during construction and financing fees) of A$86m and corporate overhead costs of $13m 
during construction
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World Class, 

High Grade 

Mineral 

Sands 

Deposit

ÅOre Reserve1 of 748Mt @ 11.2% HM and >1,050Mt Mineral 

Resources1 (>80% in the Measured & Indicated category)

ÅConservative revenue factor of 0.70 applied to guide the Ore 

Reserve economic boundary, drives high revenue to cost ratio

ÅAmong the worldôs largest and highest grade, zircon rich 
mineral sand deposits

Å97% of the first 8 years mining is sourced from the high 

confidence Proved Ore Reserve category

ÅMineralisation extends from surface to a maximum known 

depth of 155m over an area at least 11km by 7km, open at 

depth

Strong Project 

Economics 

and Ratios

ÅPre-tax NPV10 A$1.13B2 and IRR  30.1%2

ÅPost-tax NPV8 A$0.98B4 and IRR  24.0%4

ÅStage 1 CAPEX3 of A$392m

ÅStage 2 CAPEX of A$237m

ÅStrong forecast annual average EBITDA

ÅStage 1 (Year 1 ï4): A$131m 

ÅStage 1 and 2 (Year 5 ï10): A$250m

ÅHigh confidence average revenue to cost ratio

ÅStage 1 (Year 1 ï4): 2.2:1

ÅStage 1 and 2 (Year 5 ï10): 2.4:1

ÅLife of Mine forecast revenue = $15.1B

ÅAssumed Long Term FX Rate (USD:AUD) = 0.75 

Zircon focus, reduce capital, increased revenue and reduced risk

Thunderbird Bankable Feasibility Study Update

Ore Reserve Mineral Resources

748Mt 

0.86% Zircon

3.1% Ilmenite

1,050Mt 

0.93% Zircon

3.3% Ilmenite

Thunderbird Ore Reserve and Mineral Resources1

1. ASX Announcement dated 31 July 2019 titled ñThunderbird Ore Reserve Updateò and 5 July 2016 titled ñSheffield doubles measured Mineral Resource at Thunderbirdò
2. Pre-tax & pre-finance NPV based on 10% WACC.  NPV and IRR based project cashflows only (i.e. excludes Sheffieldôs other project finance related funding requirements)
3. Capex depicts direct capital expenditure only.  Excludes other project financing related costs of $86m
4. Post-tax & pre-finance NPV based on 8% WACC.  NPV and IRR based project cashflows only (i.e. excludes Sheffieldôs other project finance related funding requirements)

Estimated A$ Revenue by Product

Stage 1 and 2 (Years 1 ï10)

$1.3B

$1.7B

$1.0B

Primary
Ilmenite

Premium
Zircon

Zircon
Concentrate

Commodity Prices 

($US FOB)

Stage 1 Stage 1 and 2
LOM

FY 2022 ï2025 FY 2026 ï2031

Premium Zircon 1,520 1,469 1,472

Zircon Concentrate 689 718 723

Primary Ilmenite 102 94 95
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463 
392 

1163

71 

30 

863

579 

478 

Total Funding

Requirement (Pre -

BFS Update)

Reduction in Stage

1 Capex

Reduction in Other

Funding

Total Funding

Requirement

(Updated)

Globally 

significant 

Outputs and 

Project 

Physicals

ÅSheffield aims to be a globally significant zircon producer with 

estimated average production of:

ÅStage 1 (Year 1- 4): 132ktpa

ÅStage 2 (Year 5- 10) 238ktpa

ÅLOM Average: 202ktpa

ÅDry ore mining and WCP capacity

ÅStage 1 MUP @ 10.4Mtpa and WCP @ 1,085 dry tph

ÅStage 2 MUP @ 20.8Mtpa and WCP @ 2,170 dry tph

ÅVery low Waste : Ore strip ratio of 0.85:1.0

ÅTopsoil, waste, over size rehandle and in pit tailing 

construction by truck and excavator.  Total estimated average 

annual movement:

ÅYear 1 ï4 = 7.9Mt waste materials

ÅYear 5 - 10 = 21.6Mt waste materials

Funding and 

Pathway to 

Production

ÅTotal funding requirement reduced by A$101m

ÅStage 1 direct project Capex cost of A$392m

ÅAvailable debt facilties1 of US$175m (A$240m2) and NAIF 

facility A$95m

ÅEstimated remaining equity requirement of A$143m 

ÅStrategic Partner Process continues

ÅLender due diligence scheduled for Q3/Q4 2019

ÅConstruction Schedule ï21 months from notice to proceed

ÅCommissioning ïsingle processing stream, 3 products only, 

reduced risk

ÅTargeted First Products ïH2 2021

Zircon focus, reduce capital, increased revenue and reduced risk

Thunderbird Bankable Feasibility Study Update

Thunderbird Annual Average Production

Years 1 to 10 (ktpa)2

1. Subject to financing completion 
2. USD:AUD average exchange rate of 0.73
3. Includes cost overrun, interest, working capital, fees, etc

1,019 

89 107 

Primary Ilmenite Premium Zircon Zircon Concentrate

Funding Requirement A$m

Direct Capital Expenditure

Other Financing Costs



10

(from FY31 

onwards)

LOM plan to deliver 202ktpa zircon and 961ktpa ilmenite on average over a 37 year mine life

Indicative Mine Schedule

Note:
This page sets out production profile information for Stage 1 and Stage 2 of the Thunderbird Project. Such information is derived from the financial model prepared by Sheffield for Stage 1 and Stage 
2 of the Thunderbird Project. The financial model for Stage 2 is based on current Sheffield management estimates, which will be confirmed prior to a Stage 2 investment decision and its 
implementation. Such estimates are based on, among other things, a detailed mine plan prepared as part of the BFS Update for the life of mine (including Stage 2) and other BFS Update assumptions 
for Stage 2, which, where relevant, have been adjusted to reflect contractual outcomes and the results of due diligence on Stage 1. Actual volumes produced will be subject to a number of risks and 
uncertainties and therefore may vary from this current, indicative profile

Stage 1 Stage 1 and 2

467 

688 
752 735 

1,228 1,262 1,263 1,264 1,264 1,269 

972 

104 
112 110 113 112 113 

97 

84 

90 78 

127 
125 124 129 130 132 

114 

553 

827 

911 883 

1,459 
1,498 1,497 1,506 1,506 1,514 

1,182 

0

400

800

1,200

1,600

FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 LT Average

Primary Ilmenite Premium Zircon Zircon Concentrate Total

ô
0
0
0
 
t
o
n
n
e
s
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A Strong Cash Operating Margin

ÅVery strong cash margin with revenue to cost ratio well above 2:1

ÅStrongly leveraged to zircon production 

ÅStage 2 expected to deliver significantly reduced unit costs

3.13 3.41 3.44 2.81 2.37 2.53 3.06 3.31 3.29 3.35 3.50 

5.17 4.36 4.25 
3.93 

3.60 3.61 
3.72 3.83 3.51 3.64 3.61 

2.16 2.39 2.64 
2.32 

1.76 1.79 
1.89 2.00 1.92 2.06 1.60 

$12.30 
$11.51 $11.65 

$10.28 

$8.46 $8.67 
$9.43 $9.92 $9.48 $9.84 $9.54 

$21.57

$26.23

$28.18

$24.31

$20.33
$21.05

$21.66
$22.89

$21.99

$23.71

$19.57

0

5

10

15

20

25

30

FY22 FY23 FY24 FY25 FY26 FY27 FY28 FY29 FY30 FY31 LT Average

Mining Processing Outbound logistics Site G&A Total Revenue (from FY31 

onwards)

Revenue and Site Cash Costs A$ per tonne of Ore Mined (Production Years) 

Note:
This page sets out  the unit cash operating costs and revenues for the first 10 years of the Thunderbird Project. Such information is derived from the financial model prepared by Sheffield. Such estimates 
are based on, among other things, a detailed mine plan, negotiated contracts with key suppliers.  Actual outcomes will be subject to a number of risks and uncertainties and therefore may vary from this 
current, indicative profile
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0.0
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100%75%

3.0

0% 25%

4.0

50%

1.0

3.5

2.5

1.5

0.5

Cumulative TiO2 units

R/C Ratio

2022 industry weighted average: 1.79

PREPARED FOR SHEFFIELD RESOURCES LIMITED
© TZMI PROJECT - 1874

1st quartile 2nd quartile 3rd quartile 4th quartile

Thunderbird1

One of the Highest Margin Projects Globally

Thunderbird is in the first quartile - one of the highest margin projects globally

Independent TZMI Feedstock Cost Study for CY 2022 (Published 2018)

Note:
1. Period represented for Thunderbird is the 4 year period post ramp up, equalling CY 2024 to 2027 inclusive. RC ratio is based on the TZMI 2018 feedstock cost study using long-term 

pricing and forecast exchange rate. The R/C ratio for Thunderbird has was determined using standard TZMI methodology with production, cost and product pricing assumptions provided 
by Sheffield Resources. The industry curve was determined by TZMI using TZMI estimates. Accordingly, the information set out on this page is not and should not be interpreted as a 
forecast. Sheffield does not have sufficient certainty (and therefore does not yet have a reasonable basis) in order to issue any cost or revenue forecasts.
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No material new discoveries due to 

lack of exploration investment

Å Thunderbird is one of the most 
significant zircon discoveries in the 
last 30 years

Å Large zircon rich deposits are 
difficult to find

Å The industry requires new deposits 
to replace maturing supply and 
declining grades

Å Material timelines between 
discovery and development

Only opportunity to secure a large scale greenfield zircon project

A Globally Significant Zircon Discovery

Globally significant zircon discoveries over the past 30 years based on published pre-production resources1

Note:

1. Thunderbird Mineral Resource as published on the ASX on 5 July 2016. Thunderbird Mineral Resource ranked against published pre-production Mineral Resources of current mineral sands 

operations and projects > 2M tonnes contained zircon plus selected deposits < 2Mt contained zircon under investigation globally. Data compiled by Sheffield from public sources
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Thunderbird is a large scale, high grade zircon focused project in a Tier 1 mining jurisdiction 

Thunderbird Location Jurisdiction Overview

ÅLocated on the Dampier Peninsula in northern Western 

Australia

ÅEnvironmental low risk location on existing pastoral property 

and away from river water sheds

ÅLarge-scale, high grade, zircon focused mineral sands project

ÅNew underexplored Mineral Sand Provence in which Sheffield 

has  large dominant land tenure positioned along 160km highly 

mineralised trend1

ÅOne of the best mining jurisdictions in the world with a history of 

mining and existing skilled workforce2

ÅExisting infrastructure supporting Project development

Å 148km from Broome, international airport, Port facilities and 

support services 

Å 146km from Derby, domestic airport, Port facilities with 

existing ship loader and mining industry support services

Å Thunderbird is connected to both ports via the sealed major 

national highway

Å Close proximity to offtake partners provides competitive 

shipping costs

Western Australia is a Tier 1 Jurisdiction Location

1. Refer to ASX announcement 31 January 2019 titled "High Grade Maiden Mineral Resource at Night Trainñ

2. Fraser Institute Survey of Mining Companies, 2016
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May 2018: 

Port

Signed 20 year 

Derby Port 

Access 

Agreement for 

long term 

access to an 

existing bulk 

handling facility 

and associated 

infrastructure

Oct 2017: 

Taurus debt

Mandated 

Taurus as 

lead 

arrangers 

and 

underwriters 

for a 

US$175m 

debt finance 

facility

Sep 2018: 

Permits

Mining 

Lease, State 

and Federal 

environment

al approvals 

granted, 

finalising key 

permits for 

development

Sep 2018: 

NAIF debt

NAIF 

approves 

loan facilities 

totalling 

A$95m

Nov 2018: 

EPC 

contract

Signed fixed 

price, lump 

sum, EPC 

contract with 

GR 

Engineering 

Services

Nov 2018: 

Native Title

Native Title 

Agreement 

signed with 

Traditional 

Owners

2013: Industry 

recognition

Awarded the 

ñDigger and 

Dealers Mining 

Forum Best 

Emerging 

Company 

Awardò and the 

ñAustralian 

Mining Prospect 

Awards Explorer 

of the Yearò

Dec 2010: 

Exploration 

Licence 

application

Applied for 

Exploration 

Licence 

E04/2083, 

covering the 

Thunderbird 

deposit

2012: 

Maiden 

Resource

Commenced 

first drilling 

program and 

released 

maiden 

Mineral 

Resource for 

Thunderbird

Mar 2015: 

Coordinated 

project

Thunderbird 

designated a 

Level 2 Lead 

Agency Project 

Proposal by the 

Western 

Australia 

Department of 

Mines and 

Petroleum

Sep 2011: 

Tenement 

Grant

For the area 

surrounding and 

including 

Thunderbird

Oct 2015: 

Increase in 

scale

Released an 

update to the 

PFS 

modelling 

indicating a 

substantial 

increase 

to scale

2014: 

Resource 

expansion, 

Scoping 

Study

Significant 

increase in 

total Mineral 

Resources 

and released 

scoping study 

results

Mar 2017: 

BFS 

release

Released 

BFS study

Mar 2017: 

Thunderbird 

Ore Reserve 

Update

Ore Reserve 

of 680.5Mt at 

11.3% HM

A greenfield project rapidly progressed by Sheffield from the grassroots exploration stage in 8.5 years

History of Thunderbird

Key milestones pre BFS release Key milestones post 2017 BFS release BFSU release

Jul 2019: 

Bankable 

Feasibility 

Study Update

BFSU release 

with reduced 

capital, updated 

Ore Reserve 

and 

significantly 

improved 

Project returns

Jan 2019: 

Strategic 

Partner Process

UBS led process 

to assess 

opportunities to 

introduce 

strategic partner 

to advance 

Project
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Deposit exhibits strong continuity and high Valuable Heavy Mineral (ñVHMò) grades

Thunderbird is a High Grade, Thick Deposit

1.      ASX Announcement dated 5 July 2016 titled ñSheffield doubles measured Mineral Resource at Thunderbirdò 

ÅThunderbird is the first significant mineral sand deposit to be discovered in 

the Canning Basin and is typical of an off-shore, sub-wave base style 

deposit

Å Valuable heavy minerals ("VHM") contained within the deposit include 
ilmenite, zircon, leucoxene and rutile 

ÅMineralisation occurs as a flat, thick, broad sheet-like body striking northwest 

and dipping shallowly under cover at c. 4 degrees to the SW

ᵄ Contains a continuous high grade zone up to 43m in thickness

ᵄ Extends from surface to a maximum known depth of 155m over an area 

at least 11km by 7km

ÅThe Mineral Resource estimate of 1,050Mt at 12.2% HM, 0.93% zircon and 

3.3% Ilmenite1 is based on drill hole data collected by Sheffield from 2012 to 

2015 comprising:

ᵄ 670 holes drilled for a total of 37,076m with 24,388 samples assayed for 

HM, slimes and oversize 

ᵄ 20 sonic core holes and 5 Bauer bulk sample holes

ᵄ The heavy mineral is fine to medium grained with a zircon D50 of 57 

microns and titanium minerals D50 of 67 microns

ÅHigh grade zone remains open in multiple directions

Thunderbird Site Layout Over Image of     
VHM Grade x Thickness (>7.5% HM)
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Greater than 70% conversion of Mineral Resource in Ore Reserve demonstrates high quality 
of Thunderbird Deposit

Thunderbird JORC Compliant Ore Reserve

1. ASX Announcement dated 31 July 2019 titled ñThunderbird Ore Reserve Updateò

2. ASX Announcement dated 5 July 2016 titled ñSheffield doubles measured Mineral Resource at Thunderbirdò

ÅOre Reserve1 estimate was prepared by Entech Pty Ltd, an experienced and prominent mining engineering consultancy with appropriate mineral 

sands experience and industry knowledge.  Based on the 5 July 2016 Thunderbird Mineral Resource estimate2

Thunderbird Deposit Ore Reserves1ÅModifying factors applied to convert to Proved and 

Probable Ore Reserve including:

ÅPrice based on TMZI long term forecast

Å98% mining recovery, no additional dilution or 

minimum mining widths due to the bulk nature of the 

deposit

ÅCut off strategy being applied for first 10 years of open 

pit design

ÅBulk mining techniques, including dozer trap mining 

and waste mining via truck and excavator

ÅGeotechnical analysis form basis of pit designs 

including:

ÅExcavatability and trafficability inform 3 x Dozer Test 

Costeans

Å40 deg pit slope wall angles including batter and berm

ÅMineral processing based on well understood and 

conventional mineral sands processing techniques

ÅCAPEX and OPEX cost informed on executed or negotiated final agreements, industry sources or in-house estimation and expertise

Å Open pit optimisation using CAE NPV Scheduler software to generate Lerch-Grossman shells and a 70% revenue factor pit shell was selected    

based on mine life and cost revenue.  Strategic scheduling zones were defined by Whittle Consulting optimisation software

Å A detailed scheduling of land clearing, ore mining, waste mining, tailings storage and other ancillary activities on 200m by 100m ore blocks 

were completed over the first 8 years of the schedule; after which larger scheduling blocks have been utilized

Å Life-of-mine average strip ratio (waste: ore) of 0.85 : 1.00

Tonnes 

(Mt)
HM % OS % SL %

In-situ 

ZIR %

In-situ 

HITI %

In-situ 

LEU %

In-situ 

ILM %

Proved 0.2 11.7 17.6 19.9 1.08 0.30 0.25 3.56

Probable -       -       -       -       -       -       -       -       

Inferred -       -       -       -       -       -       -       -       

Total 0.2 11.7 17.6 19.9 1.08 0.30 0.25 3.56

Proved 128.1 15.4 13.8 16.1 1.12 0.32 0.29 4.15

Probable 3.8 14.7 11.2 14.8 1.09 0.31 0.30 4.07

Inferred -       -       -       -       -       -       -       -       

Total 131.9 15.4 13.8 16.0 1.12 0.32 0.29 4.14

Proved 91.2 11.4 14.3 16.3 0.89 0.27 0.26 3.02

Probable 524.8 10.1 10.5 14.5 0.78 0.26 0.27 2.86

Inferred 0.2 12.8 21.0 14.2 0.86 0.27 0.26 3.19

Total 616.2 10.2 11.1 14.8 0.80 0.26 0.27 2.88

Grand 

Total
Total 748.3 11.2 11.6 15.0 0.86 0.27 0.27 3.11

Starter 

Void

Interim 

Pit

Rest-of-

Mine Pit

Pit Stage

Ore
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Notes:
1. Thunderbird Ore Reserve as published on the ASX on 31 July 2019. Thunderbird Ore Reserves ranked against latest published Ore Reserves of current mineral sands operations and projects 

under investigation globally. Accordingly, for the operating projects, no account is made for any volumes of product already produced 
2. Blue bubbles are operating mines, grey bubbles are Ore Reserves reported but the project is not operating. Only Ore Reserves > 1.2Mt contained VHM shown
3. Data compiled by Sheffield from public sources. This analysis does not illustrate the variance in product value between rutile, leucoxene and ilmenite

One of the Largest, Highest Grade Ore Reserves Globally

Comparison of Ore Reserves and grade between the key large mineral sands deposits globally1,2,3

ÅLarge, mature mineral sands deposits globally are typically showing a strong trend of accelerating grade depletion with each 

new published Ore Reserve update

ÅThe highest grade and most significant zircon producing mine, Jacinth-Ambrosia is now entering the back end of its mine life

Å Increasing throughput and production rates at mature operations are accelerating the depletion of Ore Reserves and mine life
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Pit Stage

Ore (Mt) Waste (Mt)

Material Topsoil Waste

Starter Void 0.2 0.1 0.0

10 Year Pit 131.9 1.64 61.0

Rest of Mine Pit 616.2 5.38 577.0

Total 748.3 7.04 638.0

Thunderbird will use conventional and well tested dry mining techniques and equipment 
currently employed in existing and similar mineral sands operations globally

Conventional and Well Tested Mining Techniques 

ÅDry mining via conventional dozer trap mineral sand mining using bulk mining 

techniques and in-pit feed preparation units

ÅTopsoil and overburden excavated and transported using truck and excavators

ÅOversize material rejected from in-pit Mine Unit Plant ("MUP") will be rehandled by 

loader to mine void

ÅOre will be slurried and pumped to a nearby Wet Concentration Plant ("WCP")

ÅMine production rates vary to provide constant target feed rates to the WCP after 

removal of oversize and slimes

ÅSheffield may engage contractors for mining operations and equipment maintenance

ÅEntech Pty Ltd completed all mine design and scheduling

ÅPit design is based on the geotechnical analysis undertaken by independent consultants

ÅThe dozer trap mining method and costs have been applied to the whole LOM schedule

Mining method
Vegetation and Topsoil Removal

Summary of LOM material type by Pit Stage1

Removal of Overburden

Dozer Push Mining Unit Plant - Ore

1. Sourced from the Bankable Feasibility Study Update 31 July 2019



21

Thunderbird will use conventional and well tested dry mining techniques and equipment 
currently employed in existing and similar mineral sands operations globally

Conventional and Well Tested Mining Techniques

Major mining equipment to be utilised1
LOM mining blocks1

1. Sourced from the Bankable Feasibility Study Update 31 July 2019

Schematic diagram showing mining method

Class

Equipment utilised (#)

Description

Max

utilisation

(hrs/month)

Year

1 ï4

Year

5 ï10

Year

11 - 43

70t Excavator Hitachi ZX690LC-5 500 1 1 1

120t Excavator Komatsu PC1250SP-8R 500 1 1 1

200t Excavator Komatsu PC2000-8 500 0 3 3

100t Loader CAT 992k 500 1 1 1

100t Truck CAT 777G 500 4 7 13

100t Bulldozer CAT D11T CD 450 3 6 6

65t Bulldozer CAT D10T 500 2 3 4

Grader CAT 16M 500 1 2 2

Water Cart CAT 745 500 1 2 3

Service Truck CAT 745 500 1 1 1



22

Simplified conventional flowsheet producing three quality products for LOM

Simple and Conventional Processing Circuit

Notes:

1. Based on metallurgical test work carried out on a 40t bulk sample using full scale & scalable equipment and sourced from the BFSU Financial Model

Stages 1 & 2

Å Same flow sheet as 2017 BFS 

with removal of LTR 

Å Stage 2 is a simple 

duplication of Stage 1 mining 

and processing

Å Dry mining via conventional 

dozer trap mineral sand mining

Å Simple and well tested 

conventional mineral separation 

flowsheet

Å Only three finished products

Å Premium zircon, 

zircon concentrate and Primary 

Ilmenite

Recovery (%)1 Stage 1 Stage 2 LOM

Zircon to Premium Zircon 43.9 53.0 53.3 

Zircon to Zircon Concentrate 36.0 33.3 33.6 

Ilmenite to Ilmenite Products 76.7 77.7 78.7
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ÅThunderbird is located in close proximity to two existing ports

ᵄ Port of Broome is 148km away, including 115km of major national 

highway

ᵄ Port of Derby is 146km away, including 113km of major national highway

ÅProducts proposed to be trucked from mine to port

ÅPort of Derby has been selected for exporting bulk products

ᵄ Has existing bulk loading facilities (conveyor and shiploader)

ᵄ Existing shiploader and conveyor requires minimal commissioning costs

ᵄ Access agreement in place for port storage, wharf and bulk handling 

facility

ᵄBulk products stored in a purpose-built 100kt facility (Stage 1) at the port 

and loaded by conveyor onto barges, increased to 150kt (Stage 2)

ᵄ transhipped 20-30kms to meet a moored ocean-going vessel where 

products will be transferred

ᵄBarging & transhipment of bulk products has been successfully operated 

by previous users at 500ktpa

ÅPort of Broome is more suitable for packaged products due to availability of 

warehousing and existing stevedoring services

ÅBoth ports offer the potential for packaged and bulk shipment, thus 

minimising shipping risk

Product Port Method Sale basis

Premium zircon Broome FIBC1 Bulk Bags CIF

Primary ilmenite Derby Bulk Shipment CIF

Zircon concentrate Derby Bulk Shipment CIF

Thunderbird is conveniently located between two existing ports

Well Positioned Near Existing Port Infrastructure

Port of Broome

Port of Derby

Product Shipment Details

1. Flexible Intermediate Bulk Container


