Why is the Earth habitable?
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“The two most important
days in your life are the day
you are born...and the day

you find out why."

~ Mark Twain




The Blue Marble
Apollo 17 1972










Ediacaran fauna — 600 million years ago
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2 Ma:
First Hominids 4550 Ma:

230-65 Ma: Formation of the Earth

Dinosaurs:

Hominids
Mammals
Land plants
Animals
Multicellular life
Eukaryotes

ca. 380 Ma:
First vertebrate land animals
4527 Ma:

ca. 530 Ma: Prokaryotes _,Formation of the Moon
Cambrian explosion
P ca. 4000 Ma: End of the
750-635 Ma: Late Heavy Bombardment;

Two Snowball Earths first life

- ca. 3500 Ma:
‘@ Photosynthesis starts
%

2562

ca. 2300 Ma:
Atmosphere becomes oxygen-rich;
first Snowball Earth






The Gaia Theory
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Richard Dawkins

“Gaia cannot arise from
Darwinian evolution of life —
the planet as a whole is not a
unit of selection.”

“Life is part of a self-regulating system,
manipulating the physical and chemical
environment to maintain the planet as a suitable
home for life itself.”



The long-term carbon cycle

Conversion of CO2 to dissolved HCOg3- by Volcanic
Ca-Mg silicate weathering CO»2

CO2 from sedimentary organic C weathering

CO» and CHy4 from
Metamorphism &
Deep Diagenesis
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Berner, 1999, GSA Today







How 1s climate mitigated?

Runaway greenhouse
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How can weathering stabilise climate?

High CO;  wmsp Greenhouse
warming
Increased
chemical
Cooling weathering
Increased
CO, burial
Negative feedback
mechanism for
Low CO,  wmmep Cold climate climate stabilisation
Decreased
chemical
Wiilia weathering
Decreased
CO, burial

e.g. Walker et al., 1981



002 Concentration (ppm)
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Global temperature change (1850-2016)
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The Anthropocene

Carbon

<«+—— current level

For centuries, atmospheric carbon dioxide had never been above this line
<+—— 1950 level




Climate induced percentage change in production in
2050: Irrigated Rice in Asia
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Phanerozoic Carbon Dioxide
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So...

We do not have the power to destroy the
Earth... the Earth will always recover in time.

However...

We are altering the environment that we need
to survive
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' You ignore your books if you want.

YYou can ignore your teachers.

Go ahead. Coast through class. j

But one thing in life is certain:

1 | .‘." y, someone will clone a D‘N OSAUR,

Someda

And that someone will be an expert
in a million things you think are boring right now. . c

And if you don't study, and work, and think,

One day, you'll watch that person saddle up,

put on a cowboy hat, and ride a T. Rex.

From a monitor.

. Until your boss aske why you're wasting company time. § l

WWWw.smbc-comics.com



Nitrogen in global warming

Greenland ice core: ® 55N A nitrate concentration ~—— fossil fuel emissions
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Mass (Gt)
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Is Antarctica deglaciating?
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Is solar activity causing warming?

Temperature vs Solar Activity

- Temperature 11-year average
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Krivova et al., 2007, and NASA data

Myth: climate change is caused
by solar activity

Fact: since the 1990s, solar
activity has decreased while
climate has warmed
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Climate across Earth history
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Timing of weathering control over climate
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Endahi & Sofia "Faint young S un s Kasting et al.
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Weathering and CO,

Carbonate weathering:

Limestone + CO, + water Bicarbonate Limestone + CO, + water

CaCO, + CO, + H,0 => Ca** + 2HCO, => CaCO, + CO, + H,0

Silicate weathering:
Silicate rock +CO, +water Limestone silica + CO, +water

(Ca,Mg)SiO, + 2CO, + 2H,0 => (Ca,Mg)CO, + SiO, + CO, + 2H,0

Silicate weathering buries carbon e ALYSES me/|

: MAGNESIUM .........cove. 19
in carbonate. POTASSIUM...........ocorssnn 1

It also fertilises organic carbon burial SODIUM ..o 24 |FE
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DRY RESIDUE AT 180°C ... 280
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BEST BEFORE END: SEE BOTTLE
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