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Stage-gate
Advancing projects

Source: Newmont 2008

 Expansion
 Batu Hijau 3rd SAG mill
 Yanacocha gold mill
 Phoenix copper leach

 Infrastructure
 Nevada Power Plant

 Greenfield projects
 Hope Bay project
 Boddington project
 Ahafo North and Akyem
 Conga project
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Decision making
Allocate capital to best projects

Source: Newmont 2016

 Exploration/conceptual – drill stage, 
no resource

 Scoping – inferred resource, rough 
economics +/- 50% accuracy, no 
engineering 

 Prefeasibility study – reserves, +/-
25% accuracy, 2% engineering 
drawings complete, still trade-off 
options

 Definitive feasibility study -
reserves, +/- 15% accuracy, 10% 
engineering drawings complete

 Execution – into production
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Lassonde Curve looks like Stage-gate process for investors
Ranges from grassroots explorers to producers

Source: Canaccord Genuity and Exploration Insights
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Rate and rank
Apples to apples comparison

Source: Brady and Mazumdar

 The objective of the process was to 
avoid making decisions in a vacuum

 Capital is not infinite not even for a 
major mining company

 Any allocation of capital or a 
positive decision in the Stage-Gate 
process may negate the allocation 
of capital to another asset

 Decisions need to consider the 
‘Strategic Fit’ of the asset into the 
portfolio and the ‘Enterprise Risk’ 
that is added
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Strategic Fit Score
What do decision makers/investors consider add value?
Higher score = higher reward

Source: Brady and Mazumdar

 Financial metrics – NAV, 
IRR, OCF and capital 
intensity

 Diversification – free cash 
flow and NAV impact

 Production – revenue on 
average and LOM

 Margin – LOM revenue to 
EBITDA

 Free cash flow impact -
portfolio

 Growth potential -
exploration upside 
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Strategic Fit Score
Criteria and weightings

 Ratings range from 1-5

 Weights for each category 
should reflect management 
or investor’s priorities

 The total would represent 
the score on the Y-axis of 
the Rate and Rank graphic

Source: Brady and Mazumdar
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Strategic Fit Score
Financial category (15%)

 Net Asset Value –
discounted LOM free 
cash flow

 Internal rate of return –
best is only better than 
12%

 LOM operating cash flow 
– supports projects with 
a longer mine life

 Capital intensity – NPV 
over upfront capital 
expenditures

Source: Brady and Mazumdar
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Valuation of Montage Gold’s Koné gold project in Côte d'Ivoire

Source: Montage Gold
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CAPEX intensity is intense

Source: S&P Global Market Intelligence and Exploration Insights

Polymetallic VMS

Nickel and copper 

Cobalt credit

Philippines, 2013

Remote Yukon

High Andes, 2014

UG block cave, deep

Remote Cajamarca

Remote BC

Remote BC

Capital blow outs

US$10 B over 10 years 2011 study
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 I graphed these projects using their capital 
expenditure intensity per tonne of copper 
produced. 

 The average was ~US$20,000 per tonne of 
copper produced. 

 Many are above the line. 

 The reasons include polymetallic credits (I only 
used Cu and CuEq), date of study (pre- or post-
COVID19) and remote locations that require 
infrastructure (roads, power). 

 In 2019, Teck Resources estimated upfront 
capex for Quebrada Blanca 2 in northern Chile 
(QB2, 210 kt/d) was US$4.7 B. 

 Its late 2023 estimate was US$8.6 to US$8.8 
billion, which is a significant hike from its pre-
COVID19 estimate 
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Strategic Fit Score
Diversification (15%) and Production (15%)

 Diversification –
Impact of the asset on 
the portfolio 
concerning LOM free 
cash flows and net 
asset value

 Production –
measured in annual 
average and life of 
mine revenue at 
business plan 
commodity prices

Source: Brady and Mazumdar
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Diversification lowers production risk

Source: Newmont Corp.
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Meaningfully adding to production

Source: Ero Copper

● Ero Copper (ERO.T, 
ERO.NYSE) is a Brazil-
focused copper producer, 
developer and explorer with 
a market capitalization of 
C$2.2 billion.

● Its valuation is based on the 
meaningful production 
added via the development 
of the Tucumã copper-gold 
project in the Carajas 
District.
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Strategic Fit Score
Margin (15%) and Free cash flow (25%)

 Margin – project 
EBITDA margin and 
the portfolio EBITDA 
margin with project 
added

 Free cash flow 
impact – near term 
(< 5 years) and long 
term (> 5 
years)project-added

Source: Brady and Mazumdar
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Average operating margin ~46%

Source: Q2/2024 company reports for listed companies and Exploration Insights

● Higher production volume or 
grade does not necessarily 
translate into better economic 
performance as the operating 
margin (revenue net of 
operating costs, not including 
corporate G&A, exploration, or 
financing costs) per every ounce 
sold is critical. 

● The H1/2024 gold price surge 
supported the companies’ 
margins despite cost pressures. 

● The average operating margin 
was 46% during the first half of 
2024, while the AISC margin was 
~10% lower as it includes 
sustaining capital
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Time series of margin

Source: Ero Copper and Exploration Insights

● Gross margin is the revenue net of 
the cost of sales for gross profit 

● At ERO, It is based on production 
from its Caraíba underground 
operation (Pilar mine).

● Margin has dropped from 65-70% 
to ~25% due to lower grades but 
has been improving as the 
underground development to higher 
grade zones advances
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Time series of free cash flow

Source: Ero Copper and Exploration Insights

● Free cash flow (black line) is the 
net of operating cash flow (green 
bar) and cash flow used in 
investing activities (red bar) 

● Ero Copper began building the 
Tucumã copper-gold project in 
2022 which increased its 
investing activities and 
challenged its ability to generate 
positive free cash flow.
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Strategic Fit Score
Growth potential (15%)

 Growth potential –
valuing the 
exploration potential 
of the asset including 
the growth in 
resource and revenue

Source: Brady and Mazumdar
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Production growth

Source: Company 2023 reserve and resource statements and Exploration Insights

● The growth of the production profile 
may be satisfied through M&A, which 
is generally easier for companies 
with a smaller production base. 

● The average growth potential was 
higher than expected at 25% 
(Inf/TMI), though it’s important to 
note that some resources in the 
Inferred category may be 
problematic and never be upgraded

● A significant portion of HL’s growth 
(+60%) includes the Fire Creek gold 
project, which was placed on care 
and maintenance in 2021 after being 
acquired for US$462 M in cash and 
shares in 2018. 

● On the other end of the spectrum is 
CGAU, which lost its Kumtor gold 
mine in the Kyrgyz Republic in 2022. 
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Enterprise Risk Score 
What do decision makers/investors consider worry about?
Higher score = higher risk

 Technical – compliance, 
energy, mineralization, 
supply chains, 
geotechnical, water, 
process flowchart

 Execution –
construction/logistics, 
safety, labor, operational 
flexibility

 Geo-political – various 
metrics

 Environmental and Social 
Responsibility – land 
access, cyanide usage, 
stakeholder relations, 
reclamation

 Sustained low gold prices 
 Reserve replacement

Source: Brady and Mazumdar
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Enterprise Risk Score 
Criteria and weightings

Source: Brady and Mazumdar

 Ratings range from 1-5

 Weights for each category 
should reflect management 
or investor’s priorities

 The total would represent 
the score on the X-axis of 
the Rate and Rank graphic 
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Enterprise Risk Score 
Technical - Compliance (15%), Energy (14%) and Mineralization (14%)

 Compliance – will the project 
meet current and/or 
foreseeable standards

 Energy – access to power

 Mineralization – Reserves 
more valuable than 
resources

Source: Brady and Mazumdar
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Complying with local concerns

Source: Exploration Insights

 Feasibility-stage Vizcachitas 
copper-molybdenum-silver 
project in Chile operated by 
Los Andes Copper (LA.V).

 Vizcachitas is a large open pit 
project (136 kt/d) located at a 
low elevation (1,950 masl) in a 
narrow valley near San Felipe, 
a few hours from Santiago.

 In my opinion, the project’s 
viability hinges on a more 
positive sentiment in the 
copper market to secure the 
required funding of US$2.44 
billion for its construction. 

 The project also includes 
measures to mitigate its 
impact on downstream farms' 
water resources and manage 
sizable dry-stacked tailings 
facilities.
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Energy costs are a significant cost input  

Source: www.globalpetrolprices.com/electricity_prices and Exploration Insights
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Power availability issues in West Africa

Source: Endeavour Mining

• In Côte d'Ivoire, available 
grid power fell from 69% 
to 18% in the second 
quarter, raising power 
costs by 55% to 
US$0.28/kWh. 

• In Burkina Faso, 
availability fell from 91% 
to 27%, with power costs 
increasing by 113% to 
US$0.49/kWh.
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Mineral resource risk

Source: Rubicon Minerals and Exploration Insights
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Enterprise Risk Score 
Technical - Supply chain (14%), Geotechnical/hydrogeology (14%), water (15%) and 
process (15%)

 Supply chain – access to long 
lead items, reagents, mill 
balls, diesel, etc.

 Geotechnical/hydrogeology 
– risks to mining and tailings 

 Water availability – access to 
water 

 Process flowchart – ability to 
process ore

Source: Brady and Mazumdar
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Geotechnical failure at Eagle Gold Mine in Yukon Territory

Source: Northern Miner

 A valley-fill heap leach 
pad at the Eagle gold 
mine in the Yukon 
Territory failed resulting 
in the shutdown of the 
mine

 The crushed ore was a 
fine fraction with no 
agglomeration

 Potential that snow 
melt may have 
generated a slip plane 
that caused the failure
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Access to water for copper projects in Chile

Source: Hot Chili Copper



31 | Capital Markets for Geologists

Process flowsheets – lab scale versus commercial scale

Source: Canaccord Genuity

Ambient alkaline oxidation
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Enterprise Risk Score 
Execution - Construction (25%), safety (25%) and labor (25%)

 Construction/Logistics –
execution risk around the 
project’s development

 Safety – Difficulty in 
maintaining safety levels

 Workforce availability/skills –
Labor availability and 
technical capacity 

Source: Brady and Mazumdar
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Access road is critical to Greenfields copper project in Alaska

Source: Trilogy Metals

 The Ambler Access Road is a 
critical 211-mile road from 
the Dalton Highway to the 
Ambler Mining District, which 
hosts the Arctic and Bornite 
deposits. 

 The reason for the suspension 
of the previously issued 
permits is the need to do 
more studies on the impact of 
the road on subsistence 
hunting, specifically for the 
communities south of the 
road, which border on the 
Kanuti National Wildlife 
Refuge
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Mine declared unsafe after fatalities at UG mine in Chile

Source:  Municipalidad de Chile Chico via X

 In June 2017, the 
flooding of one of the 
three mines that led to 
two fatalities at the 
Cerro Bayo silver-gold 
operation (1.5 kt/d) in 
southern Chile led 
Mandalay Resources 
(MND.T) to put it on 
care and maintenance.

 The company lost its 
social license and sold 
the project for shares 
and a royalty.
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Mining is not attractive to younger generation

Source: Mining Industry Human Resources Council 2020/2021 Employee Survey
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Enterprise Risk Score 
Execution – operational flexibility + Geographic – geopolitical risk, where to invest 
and mining legislation 

 Operation flexibility – lower 
flexibility = higher execution 
risk 

 Geopolitical risk – creeping 
nationalism

 Mining legislation – stable 
tax agreements

Source: Brady and Mazumdar
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Limited mining flexibility with BC underground gold mine

Source: xxxxxxx

Premier Gold Mine – Plant facility

Premier Gold Mine – UG portal January 2024 – Raises C$75 million (C$0.44/sh) for Premier Gold 
Mine in BC to complete the project and ramp up to commercial 
production. 

 February 2024 – Construction excluding mine development was 
86% complete after spending C$292 M. Mining development 
focuses on initial mining in the Prew Zone, with stope production 
in Q3 2024.

 April 2024 – First gold pour. 
 June 2024 – Treating stockpile and some underground ore (800

tpd) but running out of money
 July 2024 – Raises another C$20 million -> C$34 million 

(C$0.43/sh)
 September 2024—The company puts projects on care and 

maintenance as the pace of mine development falls short of 
expectations, with not enough stops to feed the mill. The 
company needs to go deeper, which requires more money. 

 November 2024 – Closes financing for C$42 million (C$0.16/sh)
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Argentina improving geopolitical risk environment

Source: S&P Global Market Intelligence and Exploration Insights

Country Political Economics Legal Tax Operational Security
Australia 1.5 1.3 1.1 1.6 1.4 1.2
Canada 1.7 1.5 1.1 1.3 1.4 1.2
USA 1.7 0.8 1.2 1.6 1.5 2.4
Botswana 1.6 2.0 1.4 1.8 2.0 1.0
Chile 2.0 1.5 1.7 2.1 2.0 2.1
Panama 1.9 1.6 2.0 2.2 3.0 1.3
Namibia 2.0 2.4 2.1 2.1 2.4 1.4
Peru 2.7 1.4 2.1 2.0 2.8 1.9
Serbia 1.8 2.4 2.2 2.0 2.4 2.1
Indonesia 1.9 1.9 2.3 1.9 2.7 2.3
Mongolia 1.8 2.9 2.3 2.6 2.6 0.9
Philippines 1.9 1.6 2.3 2.1 2.7 2.6
Brazil 2.0 2.1 1.9 2.8 2.9 1.8
Kazakhstan 1.9 2.7 2.4 2.2 2.9 1.5
Colombia 2.5 2.3 2.1 2.2 2.6 2.6
Zambia 2.4 3.9 2.7 2.7 2.7 1.3
Mexico 2.8 1.7 3.5 2.8 3.3 1.9
Ecuador 2.6 2.4 2.6 2.9 3.5 2.3
Argentina 2.1 5.4 2.2 2.6 3.0 1.8
PNG 3.1 3.5 2.6 3.3 3.9 1.7
Pakistan 3.3 5.3 2.4 3.2 3.1 3.5
Russia 2.8 5.1 5.3 3.8 4.1 2.6
DR Congo 3.3 3.6 4.3 4.5 5.2 4.0

 Argentina is currently the highest-risk 
jurisdiction for Latin American countries with a 
significant copper endowment. 

 The biggest risk is economics, operational and 
taxes which the current government is working 
to alleviate. 

 The RIGI policy helps establish a better tax 
policy for the large investors in resource 
projects.

Source: AbraSilver Corp.
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Security concerns in Mali

Source: Investing.com

 Resolute Mining (RSG.ASX) 
resolved a US$160 million 
tax dispute with Mali’s 
military junta following the 
detention of its Managing 
Director and a pair of 
colleagues after having paid 
US$80 million already. The 
executives’ detention led to 
a 55% drop in the 
company’s share price in 
early November.
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Enterprise Risk Score 
Environmental, social responsibility – land access (25%), cyanide usage (25%), 
stakeholder (25%)

 ESR – Land Access – claim 
staking and permitting 

 Cyanide usage – significant 
risk for gold companies

 Stakeholder relations – social 
license to operate

Source: Brady and Mazumdar
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Amount of land open to mining varies

Source: S&P Global Market Intelligence and Exploration Insights

 Some nations allow a large 
portion open to mining 
concessions (claims) such as 
Namibia, Botswana, and Zambia 
in southern Africa along with 
Australia 

 Mining countries with large 
areas like Canada, Kazakhstan 
and the USA have a lower 
proportion open to claim 
staking.
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Permitting delays

Source: GEADES

FTA - <20 platforms, smaller area, no sensitive areas 
(environmental or population), no consulta previa

- 2-4 weeks in theory versus >8 weeks

DIA – 20-40 platforms, could require a consulta previa
Ideally 6 months without consulta previa versus 18 to 24 months
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Local opposition can stop major projects

Source: Infobae

 The Judiciary of 
Cajamarca ruled in 
favor of a claim against 
the Ministry of Energy 
and Mines of Peru and 
the mining company 
Yanacocha SRL, 
concerning the large 
Conga copper-gold 
project (17 Moz of Au, 
5 Mlbs of Cu).

 The decision nullified 
the 2010 
Environmental Impact 
Assessment (EIA).
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Enterprise Risk Score 

 Reclamation – the 
potential of changes to 
policies requiring more 
liability insurance

 Low gold price 
environment – the risk of 
shutdown if gold prices 
are low for a long time

 Reserves replacement –
long life mines add more 
value

Source: Brady and Mazumdar

Environmental, social responsibility – reclamation (25%) + sustained low gold 
price +  reserve replacement
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Mine plan adds liability and goes bankrupt

Source: Minto Mining

 Since 2007, ~500 Mlbs of copper have 
been produced from the Minto mine, 
located west of the Yukon River, and 
~250 road km north of Whitehorse.

 Minto Mining restarted the Minto 
copper mine in 2022 as a 4 kt/d plant 
with a head grade of 1.34% Cu at an 
AISC of US$3.18 per pound over an 8-
year mine life (10.8 Mt).

 Ceased operations in May 2023 after 
spending significant capital for the 
water treatment facilities and going 
bankrupt as it needed more funds to 
fund future liabilities.

 Selkirk First Nations took control of the 
abandoned mine as the sale process 
failed. 
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Hedging to mitigate price risk and guarantee cash flow

Source: Montage Gold

 Montage Gold (MAU.V, MAUTF.OTC) has turned to 
streaming agreements to finance its Koné gold project in 
Côte d’Ivoire. 

 It raised C$180 million (US$130 M) in the middle of August 
to underpin its equity stake (25%) for the US$712 million in 
upfront capital expenditure required to build the project. 

 It raised another US$825 million in gold stream deals and 
loans with Wheaton Precious Metals (WPM.T, WPM.NYSE) 
and Zijin Mining (ZIJMY.OTC, 601899.SSE). 

 MAU raised US$700 million in a pair of streaming deals 
covering over 20% of gold production up to 400,000 
ounces, which gets reduced to just over 6% over the 
remaining mine life. On a positive note, both facilities can 
be reduced. 

 The company also raised US$125 million from the same 
stakeholders in loans at SOFOR plus 4.0% to 7.75%.

 It also secured its ability to generate operating margins and 
cash flow to accelerate deliveries to the WPM stream and 
potentially exercise buyback options by purchasing put 
options to sell up to 400,000 ounces of gold over 2027-
2028 at a floor of US$2,500 per ounce for US$52.7 million. 
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Summary & Conclusions
• Capital markets provide funds for projects to advance through various stages 

of development
• Mining companies do the same thing
• The stage-gate process has similarities to the Lassonde Curve and requires 

similar decision-making prowess under uncertainty
• Both have capital constraints
• Find the projects that have a better likelihood of passing the investment 

hurdles (stage gates) the more likely the project will get funded
• Looking at the project’s value proposition (strategic fit score) versus its risk 

profile (enterprise risk score) may help make better investment decisions and 
capital allocations

• A rigorous process is required to ensure that the final product is a fair ‘apples 
to apples’ comparison

• The tendency is for earlier-stage projects to look better as we know less


