
• Terrestrial Planet 
Geology

Today

Events

• Fall break next week 
- no class Tuesday
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When did the planets form?

• We cannot find the age of a planet, but we 
can find the ages of the rocks that make it up.

• We can determine the age of a rock through 
careful analysis of the proportions of various 
atoms and isotopes within it.
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Radioactive Decay
• Some isotopes 

decay into 
other nuclei.

• A half-life is 
the time for 
half the nuclei 
in a substance 
to decay.
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Age dating of meteorites 
via radio-isotopes tells us 
that the solar system is 
about 4.5 billion years 
old.

A similar age is found for 
the oldest moon rocks 
returned by Apollo.

Dating the Solar System
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Dating the Solar System

• Radiometric dating tells us that the oldest 
moon rocks are 4.4 billion years old.

• The oldest meteorites are 4.5 billion years 
old.

• This dates the age of the solar system to 
about 4.5 billion years.
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Solar System Formation
• The solar system formed about 4.5 billion 

years ago from the collapse of an interstellar 
gas cloud (the solar nebula).

• The planets formed by coagulation of 
smaller particles (planetesimals).

• Planets all line in the same orbital plane, all 
orbit in the same direction, and mostly spin 
in the same direction because the angular 
momentum of the solar nebula was 
conserved.

• The exceptions may record the lasting effects 
of the last enormous collisions.
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Earth's Interior

• Core: highest 
density; nickel and 
iron

• Mantle: moderate 
density; silicon, 
oxygen, etc.

• Crust: lowest 
density; granite, 
basalt, etc.
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• Applying what we have learned about Earth's 
interior to other planets tells us what their interiors 
are probably like.

Terrestrial Planet Interiors
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Differentiation

• Gravity pulls high-
density material to 
center.

• Lower-density 
material rises to 
surface.

• Material ends up 
separated by 
density.



© 2014 Pearson Education, Inc.

Lithosphere

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

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

How do we know what's inside Earth?

• P waves push 
matter back 
and forth.

• S waves shake 
matter side to 
side
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Special Topic:

How do we know what's inside Earth?

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

• We conclude 
that Earth's core 
must have a 
liquid outer 
layer.
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Heating of Planetary Interiors

• Accretion and 
differentiation when 
planets were young

• Radioactive decay 
is most important 
heat source today.

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



© 2014 Pearson Education, Inc.

• 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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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
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Impact Cratering

• Most cratering happened 
soon after the solar 
system formed.

• Craters are about 10 
times wider than object 
that made them.

• Small craters greatly 
outnumber 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/granite sphere videos
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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.
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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

Iceland’s Bardabunga eruption
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• Volcanism also 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
– wind
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Erosion by Water

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

• Glaciers carved 
the Yosemite 
Valley.
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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?



© 2014 Pearson Education, Inc.

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




