Chapter 9

Planetary Geology:
Earth and Other Terrestial Worlds



Topics

A Diversity of Terrestrial Worlds
Internal Structure of Terrestrial Planets
Energetics of Planetary Interiors
Processes Shaping Planetary Surfaces
Geologic Tour of the Terrestrial Worlds



The
Terrestrial
Worlds




Surface images of

the terrestrial

planets
and the Moon




Venus Unshrouded




Earth: Normal or Oddball?




The Moon: A Terrestrial World
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Mars: Once Like Earth?

ancient river valley



The Earth’s Interior

rocky crust
(lower density)

mantle
(medium densily)

metal core

rigid lithosphere (highesl densily)

(crust and part of mantle)




How do the other's compare?
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Three Energy
Sources Inside
Planets

Accretion: only important during
planet formation

Differentiation: only important
during planet formation

Radioactivity: important even
today

Gravitational potential
energy is converled
into kinatic anangy.

Kinelic anargy (& convarnad
info thermal energy.

accralion

Dense maternals fall to the
core, converting
gravitational potential
energy into thermal enargy

Light materials nse o
the surface,

differentiation

Muclear enargy s
converied inlo
thermal energy.

radicactivity



How Planets Cool Off

Eruptions bring Energy is radiated
hot lava up from into space
the intenor.

:

Hot rock rises
and cooler rock
Conduction

falls in a mantle ( _
convection cell. carries heat in the
ngid lithosphere,



Earth’'s Magnetic Field [1]




Electromagnet




Processes Shaping Planet Surfaces

Excavation of bowls
by asteroids or comets volcanism

oy

impact
cratering
o

~
Y

Eruption of molten rock
Or lava from planet’s
interior

Disruption of
Planet’s surface
By internal stresses

Wearing down or
Building up of features
By wind, water, ice or

Other weather phenomena






Moon’s Craters




Craters and Impact Basins
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Impact Process




Mercury’s Surface

* heauvily cratered
* NO Maria

* smaller rays

* long scarps

* impact basins




lan Craters

Mart

“splash crater”

“bowl crater”






Moon: Highlands and Maria




Venus’s Surface

Mapped by radar in
1979 and 1995

+/- 4km variations in
surface elevation
similar to Earth

evidence of
vulcanism and
cratering

lava domes




Lava Domes:
Evidence of
Vulcanism






Tectonics

a._\ Comprassion in crust Extension can make ,x"'f

Can make mountains, | cracks and \'IHlI.'I'.I'R ___.--"'







Erosion on Mars

 Erosion caused wind
and flowing liquids
(e.g., water)

 Water most effective

« Evidence of erosion
on Mars is extensive,
Implying existence of
liguid water sometime
In its history

ancient river valley



laciers: Large Scale Erosion

Malaspina Glacier, Alaska (USGS)



Tour of the Terrestrial Planets

* Order: from smallest to largest
— Moon
— Mercury
— Mars

— Venus
— Earth

 Will see that “size matters”

— larger planets retain atmospheres and molten
interiors==>vulcanism, tectonics erase craters

— smaller planets loose atmosphere and
solidify==>craters, evidence of early
vulcanism/tectonics



Lunar Mare (Seas)




L unar Vulcanism & Tectonics
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Mare Imbrium seen from lunar orbit



Astrononaut on Moon
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Mercury: Cratering and Vulcanism

» Ediga of Caloris Basin

¢ Closaup view showing small lava plans that hava
COnBngd up Cralisrs

b Morcury




Evidence of Tectonics on Mercury




Martian Canals?
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Sciaparelli (1877), Percival Lowell (1895)



Large-Scale
Topography:
Mars
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Valles Marineris
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Mars: Vulcanism and Tectonics

a The southem hemsphens of Mars
is haavily oalered, The image spam
sereril undeod klametes

b Valles Marmens is a buge valley
erealed in pa by lectonic strssas

¢ A manile pluma
balow the Tharsss
Hubge regeon wis
piiohably nidponiable
{er the voleanons
niad the boticen o
1he image and the
natwork of valleys
par the top

d Dhympus Mons ~ the largest shield volcang in the solar system -
cowers an anea the sae of Anpona and rises highar tham ME Everast
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Venus Unshrouded




Venus: Vulcanism & Tectonics

o Imact orators Whe et ane rare oA Verws
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b Skeeld volcanoes Fe this ona e comemon on Vene
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w A manilg plume probably created Bw round conora, whach i surrourded by
Techofe tirest marks



Earth from Space




The Earth’s Surface

http://livingearth.com



Earth’'s Tectonic Plates

» = Tes ‘;?-Wf” - ! o .
Crustal Plate Boundaries - g4 Coastlines, Political Boundaries




Vulcanism: Mt. Etna




Inferred Geologic History of
Terrestrial Worlds
& /

[
period of heavy low levels of
cratenng cratering continue

Earth

Venus

Mars

Planels Time (killions of years) Today

_ amount of volcanicftectonic activity




Planet Properties: Cause and Effect




Geological
conlrolling

Role of Impact Cratering
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