





Important Questions:
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of the Crust




Where did all our air and ocean water come from?

When did our atmosphere and ocean form on our planet’'s
surface?

Where did all the salt in the ocean come from?

How has the atmosphere and ocean changed over time?



Major
Components
of Air




Major Components
of Seawater







OUR AMAZING COSMIC EVOLUTION




The Basic Components
Expanding Space
4 Fundamental Forces
Light Energy - EMR
Matter
Dark energy
Dark Matter




The Rough Stats:
1) Size: 30 x 10 cubic light years

v 1x10° light yrs between galaxies
2) Matter: 100 billion galaxies

v 1.6 x 1090 kilograms
@ 1.4 kg per cubic meter

3) Only 0.0000000000000000000042 %
of the universe contains any matter

v It's a SUPER empty place!
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Overall Composition of the Earth:
*lron 34.6%
* Oxygen 29.5%
* Silicon 15.2%
 Magnesium 12.7%
* Nickel 2.4%
* Sulfur 1.9%
All Other Elements 4%
Composition of the Earth's Crust:
* Oxygen 46.6%
« Silicon 27.7%
* Aluminum 8.1%
* Iron 5.0%









Kick-Off to 14 Billion Years of Cosmic Evolution

The Big Bang generated massive amounts of very light elements
v Hydrogen and Helium

v These gasses eventually coalesced to form first generation
stars and star clusters or galaxies







Observations of Newly

Forming Stars Within a
Nebula Cloud

nebula

protostar

-

increasing temperature



Key Points:




Our Milky Way Galaxy

We are
here






Stellar Fusion — The Element Factory

Three-Stage Star Evolution The Fusion Process

"Hydrogen burning” °
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Main Points:

Neon through Iron



Supernova?t




Supernova
A Stellar Implosion—-Explosion Event

Main Points:



Supernova!!l




Main Point:

Merging of Two Neutron Stars
Heavier elements are synthesized

through "n-capture” processes






Star-Planet Formation:






What
about

poor little
Pluto?




Poor little
Pluto

demoted to
Dwarf
Planet




Early-Stage Differentiation Model

Atmosphere
Ocean
Crust
— Manitle

—iOuter core
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v Inner core
{solid)












Giant Impact Theory










Venus
Carbon
Dioxide (CO,) 9E6.5% 0.03% D5
Nitrogen (M.} 3.5% TB% 2.T%
Oxygen (Og) Trace 21% 0.13%
Argon (Ar) 0.007% 0.9% 1.6%
Methane [CH,) 1] 0.002% o




The Oxygen
Revolution
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Millions of years before present

Photosynthesizing
Cyanobacteria



Original Sources of Ocean Water

Three Likely Sources
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Water from the Outgassing of Original
Accreted Early-Earth Material

H =0 COz2 | 502 Ha5 HCI
893 1.1 1.5 0.07 | 0.006

ar 1.1 1.5 | 0.07 | 0.006




Formation of Our Ocean

b2l aiosionyas only water

vapor in atmosphere from early
volcanic outgassing events

1)

----------

Cooling of atmosphere led to
condensation and rain

Further cooling of ground
surface finally led to the
accumulation of liquid water on
surface
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Planetary Habitable Zone™
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Did Life Start
In the Ocean?

Stromatolites Microfossils



Lab Experiments




Most Likely Cradle for Life on Earth?

Deep Sea Hydrothermal Vents?




Most Likely Cradle for Life on Earth?

Deep Sea Hydrothermal Vents?




Life and the Geological Timescale

v

You Yebe Video



Video Review of Big Bang to Present Day - YouTube










Next Meeting Topics

Homework Assignment:



Continental Drift Hypothesis

JURASSIC CRETACEQUS

135 miilion years ago 65 miilion years ago
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