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Polleverywhere

True / False

Climate change is real and humans are causing a
very significant increase in that change.




Polleverywhere

True / False

Mining is old, dirty, problematic, and we don’t
need it.




Outline

® The geology of climate change

* Geologist's role

* An important part of the solution is... more
miningrr?




A majority of Americans believe climate change is caused by human activity.
Percent of adults who believe climate change is happening

m Caused entirely by human activities
m Caused mostly by human activities

Caused equally by human activities and natural changes in the environment
m Caused mostly by natural changes in the environment

Caused entirely by natural changes in the environment

Overall
Democrats
Independents 2
-
0 25 50 75 100%

Question: Do you think climate change is caused entirely by human activities, caused mostly by human
activities, caused about equally by human activities and natural changes in the environment, caused
mostly by natural changes in the environment, or caused entirely by natural changes in the

environment?
Source: AP-NORC Poll conducted June 23-27, 2022 with 1,053 adults nationwide.

E %NORC APNORC.org
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https://www.bbc.com/future/article/20231113-climate-change-why-photos-of-polar-bears-dont-work

The Blue Marble

1972 Apollo 17 mission

Harrison “Jack” Schmitt




Atmosphere: y
78.1% N,
20.9% O, ’
0.9 % Ar

N

0.04 % CO,

Argon (0.93%)

Carbon dioxide (0.0397%)
Neon (0.00182%)

Helium (0.000524%)
Methane (0.000180%)
Nitrous oxide (0.000032%)
Other (trace)

Nitrogen
(78.08%)







Where does the atmosphere come

from? Volcanic Gases:
~60% H,0

~40% CO,

Trace SOZ N2 Ar, He

Photo Credit: The New York Times




Process of Photosynthesis

6H,0 + 6CO, + Energy -> C.H,,0, + 60,




Biosphere consumes oxygen

{ carbon dioxide and
release oxygen.

Animals consume
0xygen and release
carbon dioxide.

6H,0 + 6CO, + Energy <-> C.H,,0O, + 60,




Thought Experiment: What if we
combusted every living cell on Earth?
Atmosphere Now:
78.1% N,

20.9% O,
0.9 % Ar
0.04 % CO,

Combust Everything:
78.1 % N,

20.4 % O,

0.9 % Ar

0.09 % CO,




Photosynthesis is
hecessary
but not
sufficient
to create the
atmosphere we have
today







What Shifts the reaction to the
right?

1]

6H,0 + 6CO, + Energy -> C.H,,0, + 60,

P 5o

O,

Sunlight
8 Co,

2

Sugars 3~ e = < ; .:f
il cdimentary Organic
atter :

Photosynthesis
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Oxygen in the atmosphere through time

Oxygenic
photosynthesis

]
3.5 3.0 2.5 2.0 1.5 1.0 0.5
Age (Gyr ago)




CLIMATE
HAS CHANGED
NATURALLY IN

THE PAST..

HUMANS
HAVE DIED
NATURALLY IN
THE PAST..

..S0O CURRENT
CLIMATE CHANGE MUST
BE NATURAL!

..S0 THIS
DEATH MUST BE
NATURAL!




CO, in a geological context ™" f/\ .
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® IThe oeolooy of climate chamoe (catbon cyele)

*Geologist's role in this

* An important part of the solution 1s... more
miningrr?




Geologist’s Role in
Climate Change

We found the fossil fuels
We found the climate record
We're “finding” the solution

Geo-

Greek geo-, combining form of gé - "the earth”

-ology

Any science or branch of knowledge

MSTHY
Blﬂlﬂﬁvf

“\GEOGRAPHY
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https://www.greenamerica.org/fight-dirty-energy/amazon-build-cleaner-cloud/coal-why-it-dirty
https://www.geolsoc.org.uk/Geoscientist/Archive/July-2007/Smiths-other-debt
http://www.geolsoc.org.uk/

Natural Gas

Antiklinale Trap Fault Trap

New Yorkabinha Natural gas Salt dome

Oil traps on salt dome flanks Stratigraphic Trap

® = Impermeable Shale clay = Porous Reservoir rock © = Source rock ® = Oilwell

https://energyeducation.ca/encyclopedia/Qil and gas traps



https://energyeducation.ca/encyclopedia/Oil_and_gas_traps
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® IThe oeolooy of climate chamoe (catbon cyele)

* Geologist's role in this

*An important part of the solution
is... more mining???




We're mining more metals all the time

(all while increasing recycling)
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Not just totals but per capita (exceptions are Pb, Sn, W)

Cadmium
——|ron Ore
Tungsten

—Silver

Bauxite

—@Gold
——Molybdenum ——Nickel

——REE
Tin

Tellurium
Zinc

——Copper
Cobalt

- - Lead
—PGE

100 -

T
o i
i

(956T 01 pasijew.sou) uondnpoad eyided 1ad

0.1

Simon Jowitt




A 3 MW turbine

Copper ( ) l
4.7 Tons
A

Concrete
1,200 Tons

requires

Rare Earth

Elements
2 Tons

+ 3 MW I ,‘!fhfli"};&;.

- Aluminum

3 Tons

Other Materials:

O Zinc
@® Molybdenum

World Bank
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Internal Combustion Engine (ICE) cu T

Copper Allance

COPPER CONTENT
BY VEHICLE TYPE

Hybrid Electric Vehicle (HEV)

88.e

Battery Electric Vehicle (BEV)

18315

Source: Reuters
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Metals and materials demand from
lithium-ion battery packs in passenger EVs

8,000 MANGANESE
' ! LITHIUM
7000 COBALT

6,000 p—

e

5,000 {pm—

4,000 WEE

Thousand Metric Tons

3,000 —

2,000 B

1,000

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Source: Electric Vehicle Outlook 2018, Bloomberg New Energy Finance




Modern technologies have become more mineral intensive
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head frame

@ 2007 Encyelopaedia Britannica, Inc.

Source : H. Hamrin, Guide o Urdergrowsnd biking
tethods and Applications (Stockholr : Atlas Copoo, 1997)




Building Canada’s green future through mining

"N o
99,920 ‘W 11,150 ‘72 5,276

~

Junior Miner
N
Environmental buildings
produce higher output

www.mineevolution.ca







Can we ,
recycle our S

way out?
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Recycling Potential of Metals

H

In-use
dissipated

Currently ® Potentially Unspecified
unrecyclable recyclable
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Ciacci, et al., 2015. Environmental Science & Technology 49(16): 9443-9451.




What about mining value chains?

e Rare Earth Metal concentrates from Mountain Pass in CA are
processed in China

e Rare Earth Metal concentrates from Mt Weld in Australia are
processed in Malaysia

Rough diamonds Polished diamonds Diamond jewelry

ondﬁon Rough-diamond Cutting and Polished- Jewelry
Production sales polishing diamond sales manufoduring

Global revenues by value chain segment, 2012, $ billions 425




US Critical Metals

List is dynamic and updated periodically

Aluminum, 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,
and zirconium

The 50 Minerals Critical

to USS. Security

rrrrrrr

aaaaaaaa

aaaaaaa
TTTTTT

med essential to the economic

e
( ~H This list of minerals deer
(4 |
\ / and national security was

released Feb 22, 2022.

**No data available
Source: U.S. Department of the Interior, U.S. Geological Survey




Think The Nyrstar zinc plant

(in Clarksville) recently

Pair

announced an upgrade
of 1t’s facilities to better
process what two
metals?

Share




China export curbs choke off shipments
of gallium, germanium for second month

Gallium: e 25 AT it 0[] [<]
-Semiconductors M Nyrstar plans expansion of Clarksville plant
-LEDs with $90 million germanium, gallium
-Electric circuits processing facility —

By Casey Williams July 7, 2022 3:06 pm J‘ NOW.d
Germanium:
-Camera Lenses gﬁ}‘;f” *”‘ 7
-Metal Alloys A B
-Fluorescent Lamps &a}' ) )




What happens if say zinc
demand and production
drops for some reason;

we lose production of In,
Ge, Cd...

would limit production of
touch screens, LEDs,
fiber-optic cables,
semiconductors, CdTe
solar panels...

- 75-100% By-product

" 50-75% By-product
25-50% By-product
0-25% By-product

Sphalerite

Unquantified




Nyrstar to suspend operations at two
U.S. zinc mines

By Eric Onstad

Movember 1, 2023 9:50 AM CDT - Updated a month ago
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MINING AND CLIMATE CHANGE

* So if you've not already been convinced, | emphasize
that every single person listening to this talk needs
mining

* Any sustainable future with reduced anthropogenic

climate change and lower CO2 emissions will be built
on the back of the mining industry

* If your immediate attitude is “climate change doesn’t
exist”, then the world is moving towards renewable
energy and electric vehicles anyway; this is the chance
for the US to be a world leader.



SO WHAT NOW?

* We need more conversations and discussion of this,
rather than just saying we need to reduce CO,
emissions

* Need more research, education, outreach, and
consideration of these things during policy
development

* The public needs to know the cost of “being green” and
the role of mining...



hakel A

Questions?



CRITICAL MINEHAL

WHY WE NEED A DOMESTIC S

Developing a domestic supply of critical minerals is a national priority,
relevant not only to climate change but to economic and national security.

WHAT ARE CRITICAL MINERALS?

Critical minerals, which include rare earth elements, are a group of 50 chemical
elements in the periodic table of elements. These critical minerals form the building

blocks for many modern technologies and clean energy technologies.
o B

oo
i@ o

DENNGOL O EEG0

oD DUl UOO DOOon
o ] o

sy s o fofsfmjefu

W Light Rare Farth Elements W Other Critical Minerals
B Heavy Rare Earth Elements

WHAT ARE CRITICAL MINERALY USED FOR?

Critical minerals are integral to the way we live and to America’s economic growth
and national security. They have unique magnetic, heat-resistant, and phosphorescent
properties unlike any other elements. They are essential components in:

DEFENSE AND
HO F"I[lﬂhlr1 SECURITY
APPLICATIONS

N =

P_\ ® ..

Demand for critical minerals is increasing as the world transitions to a clean energy
economy. In fact, the global demand for critical minerals is set to skyrocket by 400-600
percent over the next several decades. The need for some minerals, such as lithium
and graphite used in electric vehicle batteries, will increase even more —by as much as
4,000 percent.

CELLPHONES AND
ELECTRONIC DEVICES

SOLAR PANELS AND HYBRID AND
WIND TURBINES ELECTRIC VEHICLES

~
® ®

BATTERIES

!
{
{

WHERE ARE CRITICAL MINERALS PRODUCED AND SUPPLIED?

United Sates was the leading. 110 US. SOURCES FOR KEY CRITICAL MINERALY

United States was the leading
global producer of critical
minerals. But these elements are ° 0
often found in low concentrations, '

mixed together in other mineral Lithium Chile
deposits, which can be challenging

and expensive to separate. .
N Rare Earth ‘ ' .

The United States is increasingly Elements
dependent on foreign sources for (hina  Estonia
many of the processed versions of

critical minerals. Globally, China A
controls most of the market for + e . +
processing and refining lithium, - b || 4

rare earth elements, cobalt, and Cobalt  Nopwpay China  Japan  Finland
other minerals.

Because these elements are 0 ‘ & ’ ‘* '
essential to our everyday lives Graohit |

and will help us achieve the PO€  China  Mexico  Canada  Brazil
nation’s climate goals, the U.S.

Department of Energy’s Office of GA . 40
Fossil Energy and Carbon n 211S

Management is supporting the Gallium ; : *
development of the United China  Germany KE{:;;ﬁn Ukraine

States’ own supply of critical
minerals. View more data on LS, critical minerals import reliance.

Argentina China

France  [apan

WHERE ARE CRITICAL MINERALS FOUND
IN THE UNITED STATES?

A vast quantity of critical minerals exist as trace elements within the United States’ large
supply of natural resources. Critical minerals can also be found in “unconventional and
secondary” sources, such as wastes from fossil fuel and other industries, including mine
tailings, refuse piles, acid mine drainage, fly ash, and water produced by oil and gas
supply chains. Initial estimates suggest these unconventional and secondary sources
currently contain, for example, more than 10 million tons of rare earth elements.

MINE TAILINGS REFUSE PILES ACID MINE DRAINAGE CARBON ORE

WHAT ARE THE BENEFITS OF DEVELOPING
A DOMESTIC SUPPLY OF CRITICAL MINERALS?

In addition to supporting our national security and economic prosperity, developing
a domestic supply of critical minerals will:

,."' II'-. ‘3 , ‘* r ' M
445 1de > S H

REDUCE US, SUPPORT THE SECURE DIVERSE, SUPPORT SUPPORT THE
DEPENDENCE ON  CREATION OF NEW RESILIENT, AND ENVIRONMENTAL TECHNOLOGICAL
FOREIGN SOURCES ~ MANUFACTURING DOMESTIC CRITICAL STEWARDSHIP AND DEVELOPMENT OF

JOBS MINERAL SUPPLY CLEAN UP OF A CLEAN ENERGY
CHAINS LEGACY WASIE FUTURE

Visit energy.gov/fecm U.S. DEPARTMENT OF _ | Fossil Energy and

June 2022 i @}ENERGY Carbon Management
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