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Stardust Solar System Origins
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= collapse
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Hydrogen
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¢ Swirling dust of
Ur-Minerals

» Volatiles: H, C, & O -> H20 and CO,

» Heating, hydration, & oxidation of Ur-Minerals
to form about 50 primordial minerals

Chemistry

* Accretion, collisions, & vertical
differentiation

* Metallic cores, rocky mantles, organic gunk

Origin of the Atmopshere
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Rise of Oxygen

glaciation

¢ Marine photosynthesis
evolved at least 2.3 billion -
years ago (half the age of of cHy
the Earth)

nutrients

organic matter is

to CO,
* Nonetchange in CO, or O, if this happens!| |
* Slow, steady burial of reduced organic

burial

* 0, levels increased dramatically around 2.25
billion years ago, allowed ozone layer, land
plants, more complex life forms

ozone!

aerobic
respiration

* CO, + H,0 + Sunlight = e
Release of free O, woetioring %

« When living things die, l

material led to steady increase of O, organic ¢

ozone
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decreased
UV flux

Origins of Earth & Atmosphere

Early Life

Formation of Oceans
(H20)

Abundance of Carbon
Dioxide

Sunlight

Still no life! But...

* Lots of Energy
(Lightning, UV)

*«  Volcanic
Bombardment

*  Anoxic
» Origin of life?
» Organic Soup

Time Scales

* Billions of Years:

ssssss

— Sun heats up
— CO2 goes down

ca.380 Ma:
N

€530 Ma:
Cambrion

* Millions of Years: ~*
- “Geologic thermostat”

— Regulation by plate
tectonics

* Thousands of Years:

— Periodic changes in
Earth’s orbit

- Ice sheets grow and
shrink
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e Continental plates are lighter (buoyant) and rise in
collisions, whereas oceanic plates subduct

Snowball Earth Plate Tectonics

First
230.65 Ma:
Dinozaurs

e Continents can “bunch up” due to collisions, forming
supercontinents (“Pangea,” “Gondwana”)

¢ Continental drift can radically alter the geometry of
ocean basins, with corresponding dramatic changes
in ocean circulation and poleward heat transport

ea level

* Faint young Sun
* Photosynthesis produced free 02
+ Oxidized methane (loss of greenhouse effect)
* Glaciers to Equator 2300 Ma, 750 Ma, 635 Ma ' Imag¢ Courtesy USGS

Nimosphere be
iratSn

The Earth System

The Earth’ s climate results from the interaction of many
properties and processes

— Solar radiation and orbital geometry
- The size, gravitational force, and rotation rate of the planet
— The composition, structure, and internal dynamics of the planet

— The geography of continents, glaciers, mountain ranges, and
oceans

— Ocean properties and circulation

— Atmospheric constituents, their chemical interactions,
circulation, and the hydrologic cycle

— The living ecosystems that inhabit the planet, and the
biogeochemical transformations they conduct
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