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Abstract

In May, 2018, the US Department of Interior released its list of 35 critical mineral commodities, most of which are used in energy storage or
electronics. As the cost of lithium ion batteries drops, electric vehicles are becoming the preferred new purchase of car-buyers in Europe, China
and parts of the US. Lower cost of operation will accelerate this trend and enhance the need for new batteries and their mineral components.
Storage associated with the dramatic growth in off-grid baseload power, such as solar, wind, and hydro, will also increase the pressure on
battery manufacturers. Minerals such as cobalt, graphite, lithium and vanadium, along with rare earth elements, are seeing an uptick in demand.
Economic geologists are needed to explore for and sustainably extract them in ever increasing volumes. A review of the landscape of mineral
exploration and extraction reveals similarities to the fossil fuel production business. A small group of major multi-national integrated
corporations are supported by a plethora of “junior” exploration companies who provide a feedstock of leases and prospects.

Mining geologists use 3D geologic models to explore for and assess reserves of metals and are now expanding the use of geophysical
techniques, including 3D seismic. The concept of ore trends, similar to petroleum play fairways, can be adapted and refined to better predict
exploration corridors and future areas of extraction. Data employed by economic geologists are similar to those used to find hydrocarbons and
include borehole records, surface geologic maps, rock mineralogy, and size statistics. Predictive models of ore accumulation rely on mass
transport calculations at assumed heat, pressure, brine composition and mineral equilibria. As exploration geoscientists, we can readily transfer
our skills from one hunting ground to the other. Geoscientists can also maximize energy efficiency for development of new mineral deposits
via the use of low carbon energy resources. We can apply our environmental experience to minimize the footprint of the mine itself. We can
utilize our industry strengths in risk assessment, environmental remediation, social license, and greening the oil field to become leaders in
sustainable mineral development. As with all disruptive technologies, the plates will likely shift rapidly. Battery innovations will continue to
redefine our concept of strategic minerals.
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Criteria Technical & Economic Studies
@ Concept “What it could be” “What it should be” “What it will be”
@ Objective Early stage conceptual Realistic economic and Detailed study of how the
assessment of the engineering studies mine will be built, used as
potential economic sufficient to demonstrate | the basis for a production
viability of mineral economic viability and decision R t
resources establish mineral reserves eserve assessments
- .y y Y are rigorously controlled
- 509 /- 259 - 159 .
£ Cost Accuracy N ° ’ ’ N ° | and regulated according
{C} Engineering <1% 1-5% 5-25% to national standards in

three steps, PEA, PFS,

»« Mineral Inferred/Indicated/
Estimate Measured Resources and FS, and require an
Inputs independent report and
(@ Mineral Inferred/Indicated/ third-party monitoring.
Estimate Measured Resources
Outputs

Adopted from o March 2015 PDAC presentation by the Ontario Securities Commission ond the TSX
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Mine Model

Open pit mine

5,000 tonnes per day
Capital investment ~S20 M
Payback after 3-5 years

Project life 10 years
NPV10 ~150M
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BUT IS IT CLEAN AND SUSTAINABLE?

Raw material exports

B Lithium China, 18% to Japan)
B cobat \J
B Nicket

Argentina ~13 of global lithium
I Manganese production (40% to United States, 20%
. to China, 17% to Japan)
End-products

B Lithium-ion batteries

)
Philippines ~11% of global nickel

] production

(80% to China, 5% to Japan)

New Caledonia ~10% of global
South Africa ~33% of global 0% i Kores: 208 1e Jayary
manganese (60% to \
China, &% to Japan. 3% to Korea) Australia ~43% of global lithium ¥
in China) /

Dominish and others, 2019, Responsible Minerals Sourcing for Renewable Energy



Critical minerals - a new energy frontier

Worldwide market demand
Global distribution trends

Basin to play to prospect
U.S. Senate moves forward on plan to Exploration technology

~ | develop electric vehicle supply chain ~ Valuation and economics
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