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THE IDAHO GEOLOGICAL SURVEY (IGS)

“The survey shall be the lead state agency for the collection, interpretation, and dissemination
of geologic and mineral data for Idaho”.
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|IGS’s Statutory Authority is found in Title 47, Chapter 2 of the Idaho State Statute,
to be administered as a special program at the University of Idaho.

OUR MISSION:

Non-regulatory.

Members of the IGS fulfill this mission
through applied geologic research and strong
collaborations with federal and state
agencies, academia, and the private sector.

IGS research focuses on geologic mapping,
geologic hazards, hydrogeology, geothermal
energy, oil and gas, and metallic and
industrial minerals.

The IGS is also engaged in the dissemination
of historic mining records, community service,
and earth science education.
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The Energy Act of 2020 defines a “critical mineral” as a non-fuel mineral or mineral material essential to the
economy or national security of the U.S. and which has a supply chain vulnerable to disruption. Critical minerals
are also characterized as serving an essential function (strategic) in the manufacturing of a product, the absence

of which would have significant consequences for the economy or national security.

aluminium  antimony arsenic barite beryllium
bismuth cerium cesium chromium cobalt

dysprosium erbium europium fluorspar gadolinium
gallium germanium graphite hafnium holmium
indium iridium lanthanum lithium lutetium

magnesium manganese neodymium nickel niobium

palladium platinum  praseodymium rhodium rubidium

ruthenium  samarium scandium tantalum tellurium
terbium thulium tin titanium tungsten
vanadium  ytterbium yttrium zZinc zirconium

2022 list of critical minerals



https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals
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Major Import Sources of Nonfuel Mineral Commodities for Which
the United States was Greater Than 50% Net Import Reliant in 2021
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U.S. Mineral Import Reliance
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KEY MINERALS v ELECTRIC & HYBRID CARS

Uses of Critical Minerals
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ARSPACE FORCES s

ABOUTUS  OPERATIONAL IMPERATIVES  WEAPONS & PLATFORMS

NEWS  DAILY REPORT MAGAZINE

Each F-35 contains more than 900 pounds of rare earth elements, which are crucial to targeting,
communications, and other systems. China has sought to dominate markets for mining and refining
these materials. Here, two F-35 Lightning lls bank over the U.S. Midwest on Sept. 19, 2019. Master Sgt.

.\l Ben Mota

Rare Elements of Security "®®

| Nov. 1, 2020

Each F-35 contains about 1000 pounds of rare earth elements!



ARSPACE FORCES s

NEWS  DAILY REPORT MAGAZINE ABOUTUS OPERATIONAL IMPERATIVES WEAPONS & PLATFORMS
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Name Properties Aerospace Uses

Gallium Superconductivity Computer chips, light-emitting diodes

MNeodymium Extremely powerful, durable magnets Missile guidance systems

Samarium High-temperature magnetism, absorbs neutrons  MNuclear reactor control rods, lasers

Praesodymium Makes stronger, more heat-tolerant alloys, Aircraft engines, satellite components
permanent magnets

Yitrium Alloy strengthener, glass clarifier Microwave emitters, optical coatings, LEDs

Promethium Low radioactivity Long-lived batteries for missiles

Lanthanum Glass clanfier, reacts with hydrogen Ep;ricslland lenses, night-vision goggles,

el cells

Europium Phosphorescence LEDs, plasma displays



GIVING AIRMEN &
AIRWOMEN FLIGHT:

Aircraft and Fighter Jets

SILVER is a key resource for military aircraft like
the Air Force's C17 and the Army’s Apache Helicopter
because it is malleable and ductile while also being
one of the strongest of the known elements.

RARE EARTH
MINERALS are used
in the manufacturing
of jet engines.

KEEPING OUR
TROOPS SAFE:

Body Armor

NICKEL'S toughness
makes it ideal for body
armor because it can
withstand harsh impacts.

How important are minerals

BERYLLIUM'S
lightweight
properties make
fighter jets faster.

80% of aircraft, including
fighter jets like the F-16, are
made of ALUMINUM
because it is lightweight and
improves fuel efficiency.

RARE EARTH MINERALS /ike
lanthanum are used to make
night-vision goggles.

RARE EARTH MINERALS

RARE EARTHS are
used to make infrared
absorbing glass.

They are added to
camera lenses to
improve image clarity.

NICKEL resists
corrosion and
oxidation and
prevents
degeneration.

&

HELPING SOLDIERS
SEE IN THE DARK:

Night-Vision Goggles and Surveillance

to our national defense?

The DoD uses up to 750,000 tons of
minerals annually in the manufacture of
military gear, weapon systems and other
defense applications.

Medical Technologies

21% of BERYLLIUM is used in defense
applications, like the technologies used
to help detect potential threats.

BERYLLIUM /
1 BERYLLIUM’S thermal

conductivity improves
surveillance capabilities.

It helps produce real-time
imagery and targeting for
surveillance and makes
reconnaissance flights
performed by unmanned
aerial systems possible.

Metals like TITANIUM and MOLYBDENUM
are used to make life-saving surgical implants
like stentrodes and prosthetic limbs.

ENSURING OUR
TROOPS ARE HERLTHY:

O

Because of their resistance to corrosion,

PLATINUM GROUP METALS are frequently
found in pacemakers, implantable defibrillators,
catheters, stents and neuromodulation devices.



. . . ! Lithium-ion batteries harness the properties
l ' Se S Of C r It I Ca | IVI I n e ra | S e of various minerals to power electric vehicles.
4 The cells in the average lithium-ion battery
— with a 60-kilowatt-hour (kWh) capacity contain
around 185kg* of minerals.

CELLPART: @ ANODE CURRENT COLLECTORS i
~ 2,000lbs of MI#; @ CATHODE @ CELLCASING /
’

deployed in new plug-in EVs.

In 2021, nickel-based cathodes
R a re E a rt h @ powered 80% of the battery capacity
Elements

~ 1,000lbs of
Rare Earth
Elements

e Aluminum and copper foils are typically
used as current collectors for the
cathode and anode, respectively.

Cobalt is the most expensive
battery metal, increasing battery life
and energy density.

~ 20lbs of Cobalt
400Ilbs of minerals
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7 Lithinmm Consumption
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2010-2021 0.2]
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Global consumption of lithium increased by 283% ¢
between 2010 and 2021.
How has lithium demand changed over the last decade?
2010 3,50 B df %
0 atteries accounted for 74% s
g:&a";'cs y ('Onn of lithium consumption in ';Batte"es
glass €s) e %
7,285t 2021, up from 23% in 2070. 168,820t
Batteries §
5405t 0
Air treatment
1175t
Continuous
casting
940t
- - Ceramics
/ and glass
Lithium-based lubricant greases ' 13,020t

represent over 70% of global grease
production for technical uses.

Glass-ceramic cooktops use lithium
to reduce thermal expansion and
increase mold strength.

Continuous casting
1,860t
Air treatment 930t

Other 5,580t

ELEMENTS E ELEMENTS.VISUALCAPITALIST.COM



The Growth of

Lithium Consumption
2010-2021 0

Global consumption of lithium increased by 283%
between 2010 and 2021.

How has lithium demand changed over the last decade?

Ceramics
and glass
7,285t

»50 Batteries accounted for 74%
Ot ( tﬂn n@s)

of lithium consumption in :
2021, up from 23% in 2010. 3,820t
Lubri(ating Ty
greases [Batter
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Air treatment
'I,‘I75tJ
Continuous = AU
casting 6,345t

940t

&

and glass
Lithium-based lubricant greases : 13,020t
represent over 70% of global grease
production for technical uses.

Source: Albemarie

" Lubricating greases
2,790t

Continuous casting
1,860t

Air treatment 930t
Other 5,580t

Glass-ceramic cooktops use lithium
to reduce thermal expansion and
increase mold strength.

Source: USGS Mineral Commodily Summarnes (2022), Minerals Yearbook (2010)
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Cells electric production
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g -t The world produced roughly 2.8 billion tonnes of metals in 2021.
”_:.:rF Here are all the metals we mined, visualized on the same scale.
o W1

IN 2021
IRON ORE | @™ - 1000000 tonnes |

2,600,000,000 tonnes” LARGEST END-USE

Steelmaking Construction © Chemicals Alloying Agents
<
Energy/Batteries Magnets Electronics Other

INDUSTRIAL METALS TECHNOLOGY AND
181,579,892 tonnes PRECIOUS METALS

1,474,889 tonnes

& L = 5 TRy *0re production does not reflect actual metal production **Smelter/refinery production. ***popresents titanium mineral concentrate production.
ELEMEN Source: USGS Mine m Sumi s (2022) :
LEMENTS | &) PSR U MGt SmRic e X ates as metals only make up a certain portion of ores. ELEMENTS.VISUALCAPITALIST.COM



The Bayan Obo mine located in L sl
the Inner Mongolia region of China is SO e
the world's biggest rare earth element SN
e\s{“w.f, = K8 2
. _

(REE) mine both by recoverable reserv
and production.

.:. ..i‘r : ..,_ *‘ If: * 'r\
But... it is was orlﬁmally (and to these i i\, f8fieas Seigiy. W 0

days) a polymetallic operation! P
Discovered in 1927 as an Iron deposit. FEE)

w

Most (all?) critical minerals are
accessory to precious minerals or other
commodities, which are “needed” to
support CM extraction.



The “down stream issue”

Where Clean Energy Metals are Produced

12%
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Earths China O @
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13%
Lithium 9) Augraha @ Chile ©

13%

@ World demand for lithium is forecast to
more than double between 2020 and 2023
as global electric vehicle uptake rises.

Source: International Energy Agency

The Biden administration has
targeted rare earths among
domestic supply chain priorities.

Where Clean Energy Metals are Processed
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Of the 255,000 Congolese mining
for cobalt, 40,000 are children.

ELEMENTS |&®

elements.visualcapitalist.com




The “down stream issue”

Where Clean Energy Metals are Produced
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Legend Exploration 2022

Preliminary

Quaternary sediments

Tertiary sedimentary rocks
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The Energy Act of 2020 defines a “critical mineral” as a non-fuel mineral or mineral material essential to the
economy or national security of the U.S. and which has a supply chain vulnerable to disruption. Critical minerals
are also characterized as serving an essential function in the manufacturing of a product, the absence of which

would have significant consequences for the economy or national security.

aluminium  antimony arsenic barite beryllium
bismuth cerium cesium chromium cobalt

dysprosium erbium europium fluorspar gadolinium
gallium germanium graphite hafnium holmium
indium iridium lanthanum lithium lutetium

magnesium manganese neodymium nickel niobium

palladium platinum  praseodymium rhodium rubidium

ruthenium  samarium scandium tantalum  tellurium
terbium thulium tin titanium tungsten
vanadium @ ytterbium yttrium zinc zirconium

2022 list of critical minerals



https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals

The Energy Act of 2020 defines a “critical mineral” as a non-fuel mineral or mineral material essential to the
economy or national security of the U.S. and which has a supply chain vulnerable to disruption. Critical minerals
are also characterized as serving an essential function in the manufacturing of a product, the absence of which

would have significant consequences for the economy or national security.
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dysprosium erbium europium fluorspar gadolinium
gallium germanium graphite hafnium holmium
indium iridium lanthanum lithium lutetium

magnesium manganese neodymium nickel niobium

palladium platinum  praseodymium rhodium rubidium

ruthenium  samarium scandium tantalum  tellurium
terbium thulium tin titanium tungsten
vanadium @ ytterbium yttrium zinc zirconium

2022 list of critical minerals



https://www.usgs.gov/news/national-news-release/us-geological-survey-releases-2022-list-critical-minerals
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USGS-funded critical minerals work
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Salmon Area Critical Mineral Projects
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faulted and folded Paleozoics

Western Phosphate Basin ~ Basin and Range: exposec
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2021 - Phosphate is largest segment of the

: : : mining industry. 3 large processing plants, 3
Phosphoria Formation: Permian Age (265 Ma) large open pit mines, new mines in construction,

black phosphatic shale of regional extent. Ore  southeastern Idaho. Approx. 4-5 million tons/year.
is approximately 25% P,O. and various strata

are enriched in frace elements including V, Products:

REEs, Se, U, etc. Mine 4 — 5 million tons/year. Phosphoric Acid Fertilizer

Elemental Phosphorus
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In 2022...

ldaho dropped out of the top 10 most attractive FRASE R

jurisdictions in which to invest this year. INSTITUTE
The state, which in 2021 ranked 7th (out of 84) due to its 2 0 2 3
attractiveness for investment, this year
dropped to the 28th spot (out of 62). Results for Select Jurisdictions
2022 Mining Survey
When considering policy alone, Idaho increased its PPl [ESSREIEIIIIE: IRV BRI
score by over 3 points and ranked 11th out of 62. o 3¢ (| S 120 || & 200 || & 15°

A 150 || & 18" || A 31t || & 27
& 2 & 77 /& 100 ) & 14"
Respondents expressed increased concerns over the Y

L et ) : ) 7 Nevada || NV azona | [ 0 soun, | [ e
availability of skilled labor (+18 points), infrastructure © 1 e 7| e o | & 100

(+15 points), and uncertainty concerning protected areas A& T || & 70 || & 3¢ | & 2

. & 5" |l & 11" | & 19" || & 227
(+ 9 points). [T T B g

|ys Investment Attractiveness Index \:\ Policy Perception Index

&b Best Practice Mineral Potential Index



PLATINUM | |

| _RHODIUM | 12 cn
0.6 cM
[ osmMium | e 0.5 INCHES HOW MUCH OF EACH METAL YOU CAN BUY WITH

0.3 cM™
0.1 NcHES
1.0 cm
\ i 0.4 INCHES

When it comes to metals markets and trade, dollar
figures cited are often in the millions if not billions.

RUTHENIUM

1.7 cM
0.7 INCHES

If you only had $1,000 to spend, how much of each
metal would you be able to buy?

IRIDIUM
0.7 oM PALLADIUM
0.3 INCHES 1.1 ¢cm

0.4 INCHES

SIDE LENGTHS
54 cm
2.1 INCHES

COBALT

12.9 cm
5.1 INCHES

17.3 ¢
6.8 INCHES

COPPER

246 cM
9.7 INCHES

62.5 cm
ALUMINUM 24.6 INCHES
55.1 cmM
352 cM
13.9 INCHES

ELEMENTS.VISUALCAPITALIST.COM




Value of Non-fuel Mineral Production

$0 $2B $4B $6B
Montana
WA oy 2.2% ND
OR sD
" Wyoming

ME

Nevada

Colorado  «=

1.8%

Arizona N. Mexico

0 ISR 1.4%

The West Region accounted
for 82% of metal mine
production value.

AR

MS

LA

HI

Georgia
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13 states produced over $2B
worth of non-fuel commodities.
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|IGS: Critical Minerals Projects

» iGEM (Idaho Dept. of Commerce)

: » Geologic Mapping: Idaho Cobalt Belt
» Industry Partner: Idaho Strategic

Resources, Inc. » Partners: USGS-IGS
» Lead Pl: Ul at Idaho Falls + CAES, IGS, » Airborne Magnetics and Radiometrics (USGS)
ldaho Strategic Res., INL » Field Mapping, Geochemistry (IGS)
» 2022 Drilling, Characterization, » Lead Pl: R. Lewis

Processing and Separation: REEs at
Diamond Creek Project, Lemhi Co.

» |GS co-Pls: C. Berti, V. Gillerman : 5 £
» Geochemical Characterization

> (P:Ie’rroc}i\el-misitr‘y gf Magnetite, Iron Creek of Idaho Phosphq’re
eposit, Lemhi Co. :
» Industry Partner: Electra Battery > Partners: USGS-1GS
Materials e od role

» Petrography, Chemistry
» Pl: V. Gillerman

Ages:
Lemhi Pass REE-Th veins are

Mississippian/Devonian; North
Fork area carbonatites are 22



Mining CYCIG - Simp"ﬁed Mine Startup in US: 5 to 25 years

Exploration to Discovery

V V .V VvV V¥V

Target Concept
Exploration - recon
Property Acquisition
Drilling - Exploration
Discovery to Delineation Drilling
Fund-raising
Metallurgical Tests, Economic Analysis
Public Relations/Community ESG
Permitting: Federal NEPA, State

» Appeals of ROD by NGOs

Mining to Closure

» Mine Financing

» Engineering Studies, Economic Studies, Mine Plan
Optimization and Environmental Modelling

» Global Market Conditions for 20+ year projections
» Mining and Processing:

» Mill- Ore Grinding/separation to Concentrate

» Concentrate to Smelter or Refinery

» Refinery to Intermediate Product

» To End User
» Mine Reclamation and Closure

» Required by State and Federal Regulations/Banks
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