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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 

mining???
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The Blue Marble

1972 Apollo 17 mission Harrison “Jack” Schmitt



Atmosphere:

78.1 % N2

20.9 % O2

0.9 % Ar

0.04 % CO2



Think

Pair

Share



Where does the atmosphere come 
from? Volcanic Gases:

~60% H2O
~40% CO2

Trace SO2, N2, Ar, He

Photo Credit: The New York Times



6H2O + 6CO2 + Energy -> C6H12O6 + 6O2



Biosphere consumes oxygen

6H2O + 6CO2 + Energy <-> C6H12O6 + 6O2



Thought Experiment: What if we 
combusted every living cell on Earth?

Atmosphere  Now:

78.1 % N2

20.9 % O2

0.9 % Ar

0.04 % CO2

Combust Everything:

78.1 % N2

20.4 % O2

0.9 % Ar

0.09 % CO2



Photosynthesis is 
necessary

but not 
sufficient

to create the 
atmosphere we have 

today



Think

Pair

Share



Sedimentary Organic 
Matter

6H2O + 6CO2 + Energy   -> C6H12O6 + 6O2

What Shifts the reaction to the 
right?



Oxygen in the atmosphere through time







Outline

• The geology of  climate change (carbon cycle)

•Geologist's role in this

• An important part of  the solution is... more 

mining???



Geologist’s Role in 
Climate Change

We found the fossil fuels

We found the climate record

We’re “finding” the solution

Geo-
Greek geō-, combining form of gê - ”the earth”

-ology
Any science or branch of knowledge



Coal

•

www.greenamerica.org

www.geolsoc.org.uk

www.geolsoc.org.uk

1815

1719

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/


Oil and 
Natural Gas

https://energyeducation.ca/encyclopedia/Oil_and_gas_traps

New York Times

https://energyeducation.ca/encyclopedia/Oil_and_gas_traps




Outline

• The geology of  climate change (carbon cycle)

• 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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Simon Jowitt



Not just totals but per capita (exceptions are Pb, Sn, W)

Simon Jowitt
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A 3 MW turbine requires

World Bank
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H He

Li Be B C N O F Ne

Na Mg Al Si P S Cl Ar

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
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Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

Modern technologies have become more mineral intensive



Polleverywhere

True / False 

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



Building Canada’s green future through mining

www.mineevolution.ca 





Can we 
recycle our 
way out?



Typical end-of-life recycling rates
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Recycling Potential of Metals

Ciacci, et al., 2015. Environmental Science & Technology 49(16): 9443-9451. 

In-use 

dissipated

Potentially 

recyclable 

Unspecified Currently 

unrecyclable



What about mining value chains?
• Rare Earth Metal concentrates from Mountain Pass in CA are 

processed in China

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



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



Think

Pair

Share

The Nyrstar zinc plant 

(in Clarksville) recently 

announced an upgrade 

of  it’s facilities to better 

process what two 

metals?



Gallium:

-Semiconductors

-LEDs

-Electric circuits

Germanium:

-Camera Lenses

-Metal Alloys

-Fluorescent Lamps



Companionality
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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…

Sphalerite



Price of zinc is down



MINING AND CLIMATE CHANGE

• So if you’ve not already been convinced, I 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 CO2

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… 



Questions?
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