Today

® Moons of the
solar system

® Rings

Events

® Homework 5

® Due next time



The moons of the Jupiter

Ganymede Callisto

Galilean moons of Jupiter
(“Medici stars™)



e Jo 1s the most volcanically active body in the
solar system.



Volcanic activity discovered on lo during the Voyager fly-by

What’re the odds!?




lo's Volcanoes

» Volcanic eruptions continue to change lo's surface.




optical infrared

dark volcanic craters in the optical
correspond to hot spots in the infrared

show interactive optical/IR image IF_11_17_loVolcanoesIR



Infrared view of lo

The glowing spots are active volcanoes
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lo’s surface is young =
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Tidal Heating

here the f X e
w energy comes from SRS
% -
small tidal It?urlggeersti\f\i/ﬁlen
6 : bulges O closer to Jupiter é 9
Io 1s squished and Jupiter
stre.tched as 1t orbits Orbit is elliptical
Jupiter. because of orbital
- resonances with
& other moons




Orbital The tugs add up over

Resonances time, making all three
orbits elliptical.

Europa Ganymede

Jupiter

€)

Every 7 days,
these three
moons line up.

IF_11_19_TidalHeatingResonance show interactive figure



Europa




Europa's interior also warmed by tidal heating.

metallic core
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e metallic core Ice crqst stressed and
e rocky mantle sometimes melted from

e briny global ocean below... ... resulting in a jumbled
e ice crust terrain of broken ice sheets

Energy source: tidal heating again important, just not as strong as on lo



Tidal stresses crack Europa's surface ice.

naal stresscs cause parts of Europa’s icy crust
' i s
io slowly side past cach ator.

Frictional inealing expands
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g layar beinw: collapsing the nadga remer.

e metallic core

e rocky mantle Sometimes long tidal cracks and ridges form,
e briny global ocean a bit like fault lines on the Earth

e ice crust

Energy source: tidal heating again important, just not as strong as on lo



Europa

cold brittle surface ice

Icy surtace

— cracks driven by
tidal heating
(“geological”

activity)
\ . Liquid ocean
liquid

beneath
water

— popular spot to
ocean speculate about

the potential for
life

warm
convecting ice




Ganymede

e Largest moon in the
solar system

e (lear evidence of
geological activity

e Salty ocean under
thick crust of ice

e Tidal heating still
important, but much
less than on Io or
Europa




Ganymede Interior

Ice crust (~150 km thick)

; -

—Saline ocean (~100 km thick)
—— |ce mantle

Rocky mantle

Iron core



Phase diagram of water
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Callisto

« "Classic" cratered
iceball

— very thick ice
crust

* No orbital
resonances

— No tidal heating




Saturn’s

® Saturn has one

large moon -
Titan

® a large number of
medium-sized and
small moons

® Rings composed of
many tiny icy
moonlets




Saturn’s large moon Titan

e Titan is the only
moon 1n the solar
system which has a
thick atmosphere.

-

* mostly nitrogen with
some methane

* It has a thick haze
layer that obscures the
surface at optical
wavelengths.




Saturn’s large moon Titan

e Relative to Earth:
— 1.5 Atm pressure
— 4x denser

— comparable total mass
(1.2x)

— more extended

* due to lower gravity

e Cold
— -1800 C



Titan 1s

* Big for a moon, and

e cold - can retain an atmosphere
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atmospheric haze
in optical light




Underneath the
atmosphere is

terrain, including
seas of liquid
hydrocarbons




solid surface

liquid
methane



Some transparent windows in the infrared.
Reveals widespread lakes of liquid methane.
Weather on Titan involves methane clouds and rain.




Titan’s Surface

 The Huygens probe provided a first look at Titan’s surface in
early 2005.

It had liquid methane, “rocks” made of ice.
Huygens descent movie

https://www.youtube.com/watch?v=YErUVOOFSS8
Bennett7th_201/11_lecture_ppt/IF_11_26_TitanLanding.htm



Medium Sized Moons of Saturn

Enceladus Tethys Dione
(498 km) (1060 km) (1118 km) (1528 km) (1436 km)

* Almost all of them show evidence of past
volcanism and/or tectonics.



Medium Moons of Saturn

Enceladus Tethys
(498 km) (1060 km)

© 2014 Pearson Education, Inc.

 Mimas has a big crater that makes it look like the
Death Star.



Medium Moons of Saturn

* |ce fountains of
Enceladus suggest it
has a subsurface
ocean.

* “Cryovolcanism” - the
‘magma’ is water.




Medium Moons of Saturn

Dione lapetus
(1118 km) (1528 km) (1436 km)

* |lapetus is dark on one side & bright on the other. It
seems to have collected a goo of space debris emitted
by Phoebe on the leading (dark) side of its orbit.



Medium Moons of Saturn

* |apetus has a
curious ridge
around much of

its equator



Small moons can also be weird. Hyperion looks like a sponge.




Moons of Uranus

Miranda

Umbriel
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Medium Moons of Uranus

* They have varying
amounts of
geological activity.

 Miranda has large
tectonic features
and few craters
(possibly
indicating an
episode of tidal
heating in past).

* Frankenstein’s
moon



https://www.youtube.com/watch?v=v6Bt7u-EQHM

Moons of Neptune

Despina ‘
Thalassa . Galathée

Larissa

- Néréide
Protee

Nalade

Triton



https://www.youtube.com/watch?v=v6Bt7u-EQHM

Neptune’s Moon Triton . similar to Pluto, but

larger

cantaloupe
terrain
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* Evidence for past
geological activity

e orbits retrograde

s K i isheisiope i g — unique for such a
Tritcn’s southern hemisphere as seen by Voyager 2. i:gltlg:'/]afC\)VCaKS dlc kg il large moon
The occasional geyser, — may have been a
heated by sunlight, binary partner of
streaks the downwind Pluto captured by

terrain with dark material Neptune



e tidally locked, like Earth’s moon

e orbit 1s retrograde
e and highly inclined (40 degrees)
* not stable - being pulled in by tides

e will eventually make rings!
https://vimeo.com/3852837
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Why are small icy moons more geologically
active than small rocky planets?




Rocky Planets versus Icy Moons

 Rock melts at higher * |ce melts at lower
temperatures. temperatures.

* Only large rocky planets « Tidal heating can melt
have enough heat for internal ice, driving activity.

activity.



Saturn’s rings




What are Saturn’s rings like?

 They are made up of numerous, small, icy
particles.

 They orbit over Saturn’s equator.

 They are very thin.

https://saturn.jpl.nasa.gov/resources/7628/



Spacecraft View of Ring Gaps

b This image of Saturn’s rings from the
Cassini spacecraft reveals many individual
rings separated by narrow gaps.



Elaborate structure in rings controlled by the gravity of “shepherd” moons

Pan Prometheus




Saturn

N
Debris knocked Ioose‘fr\om Phoebe creates a
dust ring that tints the leading side of lapetus

Y

Phoebe

Saturn’s Largest Ring



material accreted from
Pheobe dust ring




