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Earth's Interior

Earth » Core: highest
‘ density; nickel and
iron

rocky crust
(lower density)

mantle
(medium density)

 Mantle: moderate
density; silicon,
oxygen, efc.

metal core
(highest density)

rigid lithosphere
(crust and

part of mantle) ° Crust: |owest
density; granite,
basalt, etc.
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Seismic waves
How do we know what's inside Earth?

The brittle lithosphere is prone to Earthquakes that generate seismic waves.
The propagation of these waves probe the interior through which they travel.

P wave (bulk longitudinal wave ) « P waves (primary)

el Friatlbe] | vl | compressional

« fast propagation
Velocity of propagation * traverse all material

S wave (bulk transverse wave )

e S waves (secondary)
transverse shear.

« slower propagation

e » do not travel through
Velocity of propagation |iC|Uid or gas




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.




[For clarity, each type of wave is shown on one-half of Earth.]
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Primary waves (P waves)

Longitudinal waves result from alternating
compression and decompression, like a
spring. They travel through solid and liquid.
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Secondary waves (S waves)
Transverse waves are like the waves
that move along the length of a string.
They cannot pass through liquids.
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rP waves are bent as
they pass through layers
of different densities...

P waves

...resulting in
a “shadow area’”

Epicenter
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S waves are also bent
as they pass through rock
of different densities.
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Because S waves
cannot pass through
liquid, nearly half of
Earth opposite the
epicenter is a
“shadow area.”
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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



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.

— thermal emission

Heat drives geological activity



Role of Size

Earth Venus Mars Mercury Moan

rocky Crusl———_
(lower densily)

man.le
‘medium density)

—

matal core =

(Fighas. densily) lithcspnere lthoschere lithcsphere
rigid lithozphere lithosphere
(crust and
part of mantie) ,
Key: crust B artle T lithesohera B corc

« Smaller worlds cool off faster and harden earlier.
— cooling time depends on surface area/volume ratio
 The Moon and Mercury are now geologically "dead.”



What processes shape planetary surfaces?

Mercury

Heavly cratered
NMercury has long steeo
cliffs {arrow).

Earth’s Moon

100 Km
=1

Cloud-penetraing radar
ravealed this twin-
peaked volcana on
Venus

A portior cf Earth’s
surface as it appears
without clouds.

The Moon e surface is
heavily cratered in most
places.

Mars has features thet
ock like dry riveroeds:
note the impact craters.



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



Material is thrown from the site of
the impact. Ejecta lands around

[The impact of an object heats and] the crater, forming rays and

compresses the surface it hits. secondary craters.

Rebound of the deformed surface may
form a central peak in the crater, while
melted rock pools in the crater floor,
giving it a flat bottom.

Central Rays Secondary
peak craters

Crater wall
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* 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 outhnumber large ones.

— small impactors more common than

Craters are a sign of an ancient surface, unaltered since t!

darge ones

he last throes of planet formation

Whatever happened here, I think we missed it
https://getyarn.io/yarn-clip/Oca72a08-174c-4b9e-b3c3-5aa9be93dac?2



Impact Craters

a Meteor Crater in Arizona is more than a kilometer across and b This photo shows a crater, named Tycho, on the Moon. Note
almost 200 meters deep. It was created around 50,000 years ago the classic shape and central peak.
by the impact of a metallic asteroid about 50 meters across.

Meteor Crater (Arizona) Tycho Crater (Moon)

07_HistoryOfCratering



Impact Craters on Mars

A simpie bow! shapad crater, Uniisuan nages suggost the imparct This eratar nm innks ike it
showing a sharp rim . .. debn‘s was muda’y: was eroged by ramiall
: .. amid a rig of ejsciedd dabins, A

a A crater with a typical bowl shape. b This crater was probably made by an ¢ This crater shows evidence of erasion.
impact into icy ground.

"Standard" crater Impact into icy Eroded crater
ground

https://www.youtube.com/watch?v=8xv0ik3ugRg water dl*‘Opl@t video



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.

maolten rock
In upper

mantle Iceland’s Bardarbunga eruption 2014/15

https://www.theguardian.com/world/video/2015/jan/17/icelands-bardarbunga-erupting-five-months-later



L ava and Volcanoes

Lava plams (mana) on the Moon

i
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a Very runny lava makes flat lava plains
like these on the Moen. The long,
winding channel near the upper left was
made by a river of molten lava.

Runny lava makes
flat lava plains.

Mount Hood (Earth)

Olympus Mons (Mars)

¢ The thickest lavas make steep-sloped
stratovolcanoes like Oregon’s Mount

Hood.

b Slightly thicker lava makes shallow-
sloped shield volcanoes, such as Olympus
Maons on Mars.

Thickest lava makes

steep
stratovolcanoes.

Slightly thicker
lava makes broad
shield volcanoes.



Outgassing

a The eruption of Mount 5t. Helens, May 18, 1980. b More gradual outgassing from a volcanic vent in Volcanoes
National Park, Hawaii.

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



Tectonics
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Appalachian Mourtaing in castern United States Ceraurius Valicys on Mars
Interactive Figure

« 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.

IF_09_13_MantleConvention.swf



Plate Tectonics on Earth

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

KEY <mm ) Separating plates
- Converging plates
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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



Erosion by Water

 The Colorado
River continues to
carve the Grand
Canyon.




Local examples of Erosion

 freeze/thaw




Erosion by Ice
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Erosion by Ice

The Great Lakes were gouged-out by glaciers
as they retreated at the end of the last ice age
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Early Lake Erie
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Fasbu | ala Nintaria

Minots
River

&7 | 4,000 Years Ago

Nipissing Stage —z

Elev. 605

Open bodies of water only remain fresh if continuously replenished.
They become salty if not. This is the difference between lakes and seas.



Erosion by Wind

* Wind wears
away rock and

builds up sand
dunes.

 Also active on
Mars




Erosional Debris

* Erosion can
create new
features such as
deltas by
depositing
debris.




History of Cratering

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



Cratering of Moon

Some areas of

Moon are more
heavily cratered
than others.

Younger regions
were flooded by
lava after most
cratering.

— Mmare



Cratering of Moon

Cratering map of the Moon's entire surface



Mare Humboldtianum

Mare Anguis

Mare Marginis

Mare Undarum
Mare Spumans

Mare Smythii

Mare Orientale

Mare Australe

https://www.youtube.com/watch?v=mIRPeY GKfic



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

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

Formation of Lunar Maria

w, {'
Early surface Large impact Heat build-  Cooled lava is
IS covered crater up allows smoother and
with craters. weakens lava to well  darker than
crust. up to surroundings.

surface.



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




Role of Planetary Size

Small Terrestrial Planets Large Terrestrial Planets

e Smaller worlds cool off faster and harden earlier.

» Larger worlds remain warm inside, promoting
volcanism and tectonics.

» Larger worlds also have more erosion because
their gravity retains an atmosphere.



Role of Distance from Sun

The Role of Distance from the Sun

Planets at Intermediate
Planets Close tothe Sun Distances from the Sun Planets Far from the Sun

 Planets close to the Sun are too hot for rain, snow, ice and so
have less erosion.

* Hot planets have more difficulty retaining an atmosphere.
* Planets far from the Sun are too cold for rain, limiting erosion.
* Planets with liquid water have the most erosion.



Role of Rotation

The Role of Planetary Rotation

Slow Rotation Rapid Rotation

 Planets with slower rotation have less weather, less
erosion, and a weak magnetic field.

* Planets with faster rotation have more weather,
more erosion, and a stronger magnetic field.
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http://www.space.com/19920-mercury-color-video-messenger-spacecraft.html

What geological processes shaped Mercury?

a A close-up view of Mercury's surface,
showing impact craters and smooth
regions where lava apparently covered
up craters.



Cratering of Mercury

* Mercury has a
mixture of heavily
cratered and smooth
regions like the
Moon.

* Smooth regions are
likely ancient lava
flows.




Caloris
basin

largest
crater in
Solar

system

lava
(orange)

older material
(blue)
sometimes
excavated by
later impact




Tectonics on Mercury

Scarps

Today we see long, steep
cliffs created by this
Mercurys core and ~ Some portions of the crustal movement.
mantle shrank ... crust were forced to o x
: slide under others.

Not lo scale!

... causing Mercury’s
Crust to contract.

* Long cliffs (scarps) created when Mercury shrank
(about 10 km in diameter) as it cooled.



Scarp on Mercury, to scale
A

Surface gravity on Mercury: 3.7 m/s/s

1
d = §G,t2 SO t = +vV2ad

time to fall off scarp
t = 149 s (about 2 and a half minutes)

velocity on impact
v=at = (3.7ms ?)(149 s)
v =551 m/s
(1,233 mph)

wy g

Tall buildings on Earth

0.8 km




