








Reverse fault



The spinning solar 
nebula segregated 

into:

1) the inner nebula 
core that was to 
become the Sun 

2) a cooling outer 
accretion disc of 

rocky fragments and 
dust - planets

Early Earth Early Earth –– ““Hadean EonHadean Eon””
4.64.6--3.8 billion years ago3.8 billion years ago



Solar blast furnace
Young stars have high solar wind:

stream of charged particles ejected 
from upper atmosphere of star

1) Volatile (gaseous) compounds expelled from inner system:
He, H, CO2, H2O, N2, CO, NH3, CH4

2) Inner system enriched in metals, silicates - EARTH
Fe, Si, O, Mg, Al, Ca + others



Planetesimal accretion ongoing….

Phase I:
Bombardment by planetoids/asteroids

(Earth is already a planet, but just a fraction of its current size)

How do we know this was happening?



Early 
Bombardment

Craters 
preserved on 

surface of Moon

How was
our Moon
formed?



Giant Impact Hypothesis
Theia collides with Earth

~4.5 billion years ago

Lagrangian stability fieldsLagrangian stability fields



What happens to the impact debris?
What happens to Earth?



What happens to the impact debris?
What happens to Earth?

Debris coalesces to form Moon

Axial tilt develops



Rock is a good insulator – stores heat from…?
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Phase II: Earth is molten planetPhase II: Earth is molten planet



Rock is a good insulator – stores heat from…?

1. Residual heat from solar nebula 
2. Collisions
3. Gravitational contraction
4. Radioactive breakdown

What happens to the planet
as a result of being liquid?
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Phase II: Earth is molten planetPhase II: Earth is molten planet



Planet becomes 
chemically
differentiated

Temperature reached melting point 
of iron (1538°C):

1) Liquid iron flowed inward
2) Friction raised temperature
3) Liquid Silicon and Oxygen flowed

outward (Ca/Na/Al/K)

First atmosphere created

“Iron Catastrophe”



…but, Earth is still relatively small
so what happens to these
atmospheric gases…?



…Earth’s first atmosphere of H, He
blown away by solar wind 
and Earth’s own heat.



Earth 40% modern radius -

Enough mass to attract/retain second atmosphere
…what happens to Earth’s temperature?



Temperatures drop…

…what happens to molten planet?



Outermost layer of molten planet begins to solidify



Beginnings of 
modern 
atmosphere:

1) Ammonia
2) Methane
3) Water vapor
4) Carbon dioxide
5) Nitrogen
(low Oxygen)

What are the sources
of these gases?



Beginnings of 
modern 
atmosphere:

1) Ammonia
2) Methane
3) Water vapor
4) Carbon dioxide
5) Nitrogen
(low Oxygen)

Meteor impacts
Volcanic eruptions



Beginnings of 
modern 
atmosphere:

1) Ammonia
2) Methane
3) Water vapor
4) Carbon dioxide
5) Nitrogen
(low Oxygen)

What does the
atmosphere
generate?



Formation of oceans ~4.4 billion years ago

Volcanic steam
Asteroids/comets



Planet becomes 
chemically
differentiated

Temperature reached melting point 
of iron (1538°C):

1) Liquid iron flowed inward
2) Friction raised temperature
3) Liquid Silicon and Oxygen flowed

outward (Ca/Na/Al/K)

First atmosphere created

“Iron Catastrophe”



Earth’s Internal Structure



EARTH’S INTERNAL STRUCTURE DENSITY TEMPERATURE
• Inner core – Fe/Ni solid 
• Outer core – Fe/Ni/Mg liquid
• Mantle – Fe/Mg solid rock 

capable of flow
• Lithosphere – Fe/Mg/Si/O

– Lower lithosphere - Fe/Mg
– Crust – Si/O/Fe/Mg/Ca/Na/K/Al

• Oceanic crust – Fe/Mg/Ca
• Continental crust – Si/O/Na
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EARTH’S INTERNAL STRUCTURE CONVECTION
• Inner core – Fe/Ni solid 
• Outer core – Fe/Ni/Mg liquid
• Mantle – Fe/Mg solid rock 

capable of flow
• Lithosphere – Fe/Mg/Si/O

– Lower lithosphere - Fe/Mg
– Crust – Si/O/Fe/Mg/Ca/Na/K/Al

• Oceanic crust – Fe/Mg/Ca
• Continental crust – Si/O/Na



What’s happening here?





Where does convection occur?



1) OUTER CORE

Magnetosphere
Magnetism gained 
from early nebula is
magnified by:

1)Turbulent iron/nickel
fluid of outer core

2) Earth’s rotation.



Earth’s magnetic field protects us from solar flares



2) MANTLE CONVECTION – drives Plate Tectonics







Early Earth summary…

1) Phase I - bombardment/accretion
1.1) Great Impact forms Moon

2) Phase II - molten planet
2.1) “Iron Catastrophe” - first atmosphere

2.1.1) Earth too small to retain first atmosphere
2.1.2) Continued growth through accretion
2.1.3) Second atmosphere from volcanism/meteors
2.1.4) Formation of oceans

2.2) Chemical differentiation - Earth’s layers
2.2.1) Core convection - magnetosphere
2.2.2) Mantle convection - plate tectonics
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