
• Terrestrial Planet 
Geology

Today

Events

• Fall break next week 
- no class Tuesday
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Lithosphere

• A planet's outer 
layer of cool, rigid 
rock is called the 
lithosphere. 

• It "floats" on the 
warmer, softer rock 
that lies beneath.



How do we know what's inside Earth?
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Seismic waves

• P waves (primary) 
compressional. 

• fast propagation 
• traverse all material 

• S waves (secondary) 
transverse shear. 

• slower propagation 
• do not travel through 

liquid or gas 
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Seismic waves

How do we know what's inside Earth?

• P waves go 
through Earth's 
core, but S 
waves do not. 

• Earth's core has 
a liquid outer 
layer that reflects 
S waves & 
refracts P waves.
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Heating of Planetary Interiors

• Accretion and 
differentiation when 
planets were young 
– Heat of formation 
– Differentiation releases 

gravitational energy as 
dense material sinks 

• Radioactive decay 
is most important 
heat source today. 
– Long lasting energy 

source from trapped 
radioactive material

Heat drives geological activity
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Cooling of Planetary Interiors

• Convection 
transports heat as 
hot material rises 
and cool material 
falls. 

• Conduction 
transfers heat from 
hot material to cool 
material. 

• Radiation sends 
energy into space.

Heat drives geological activity
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• Smaller worlds cool off faster and harden earlier. 
– cooling time depends on surface area/volume ratio 

• The Moon and Mercury are now geologically "dead."

Role of Size
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Planetary magnetic fields



© 2014 Pearson Education, Inc.

Sources of Magnetic Fields

• Motions of charged 
particles create 
magnetic fields.
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Sources of Magnetic Fields

• A planet can have a 
magnetic field if 
charged particles are 
moving inside. 

• Three requirements: 
– Molten, electrically 

conducting interior 
– Convection 
– Moderately rapid 

rotation

Basically, gotta stir things up!



• Earth’s magnetic field 
important to 
• shielding the surface 

from incoming 
charged particles 
(cosmic rays/solar 
storms) 

• protecting the 
atmosphere from the 
solar wind
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What processes shape planetary surfaces?
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Processes That Shape Surfaces

• Impact cratering 
– Impacts by asteroids or comets 

• Volcanism 
– Eruption of molten rock onto surface 

• Tectonics 
– Disruption of a planet's surface by internal 

stresses 
• Erosion 

– Surface changes made by wind, water, or ice



• Most cratering happened soon after the solar system formed. 
– Late heavy bombardment 3.8 billion years ago  

• Heavily cratered surfaces are old. 
– need active geology to erase craters 

• Small craters greatly outnumber large ones. 
– small impactors more common than large ones
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Meteor Crater (Arizona) Tycho Crater (Moon)

Impact Craters

IF_09_07_CraterProduction.swf
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"Standard" crater Impact into icy 
ground

Eroded crater

Impact Craters on Mars

water droplet videohttps://www.youtube.com/watch?v=8xv0ik3ugRg
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Volcanism

• Volcanism happens 
when molten rock 
(magma) finds a path 
through lithosphere to 
the surface. 

• Molten rock is called 
lava after it reaches 
the surface.

Iceland’s Bardarbunga eruption 2014/15
https://www.theguardian.com/world/video/2015/jan/17/icelands-bardarbunga-erupting-five-months-later
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Runny lava makes 
flat lava plains.

Slightly thicker 
lava makes broad 
shield volcanoes.

Thickest lava makes 
steep 
stratovolcanoes.

Lava and Volcanoes
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• Volcanism releases gases from Earth's interior into the atmosphere. 
• How planets get an atmosphere in the first place!

Outgassing
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• Convection of the mantle creates stresses in the 
crust called tectonic forces. 

• Compression of crust creates mountain ranges. 
• Valley can form where crust is pulled apart.

Tectonics

IF_09_13_MantleConvention.swf
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Plate Tectonics on Earth

• Earth's continents slide around on separate plates of crust.
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Erosion

• Erosion is a blanket term for weather-driven 
processes that break down or transport rock. 

• Processes that cause erosion include: 
– glaciers 
– rivers, rain 
– wind 
– freeze/thaw
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Erosion by Water

• The Colorado 
River continues to 
carve the Grand 
Canyon.
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Local examples of Erosion

• freeze/thaw
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Erosion by Ice

• Glaciers carved 
the Yosemite 
Valley.



© 2014 Pearson Education, Inc.

Erosion by Wind

• Wind wears 
away rock and 
builds up sand 
dunes. 

• Also active on 
Mars
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Erosional Debris

• Erosion can 
create new 
features such as 
deltas by 
depositing 
debris.
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How do impact craters reveal a surface's geological age?
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History of Cratering

• Most cratering 
happened in the 
first billion years. 

• A surface with 
many craters has 
not changed 
much in 3 billion 
years.

09_HistoryOfCratering.swf
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Cratering of Moon

• Some areas of 
Moon are more 
heavily cratered 
than others. 

• Younger regions 
were flooded by 
lava after most 
cratering. 
– mare
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Cratering map of the Moon's entire surface

Cratering of Moon



https://www.youtube.com/watch?v=mIRPeYGKfic

https://www.youtube.com/watch?v=mIRPeYGKfic
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Lunar Maria

• Smooth, dark 
lunar maria are 
less heavily 
cratered than 
lunar highlands. 

• Maria were 
made by floods 
of runny lava.

https://www.youtube.com/watch?v=mIRPeYGKfic

https://www.youtube.com/watch?v=mIRPeYGKfic
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Large impact 
crater 
weakens 
crust.

Heat build-
up allows 
lava to well 
up to 
surface.

Early surface 
is covered 
with craters.

Cooled lava is 
smoother and 
darker than 
surroundings.

Formation of Lunar Maria
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Geologically Dead

• Moon is considered 
geologically "dead" 
because geological 
processes have virtually 
stopped. 

• Cooling process 
essentially complete 
– no more geology 

because there isn’t 
any interior heat to 
drive it


