News and Reminders

Homework 3 is due Monday (Oct. 14)
« we will not cover the material for Problem 3 (4.16 in the textbook +
extra questions) in class, but the textbook should be sufficient to
do it (grad students only)

Next reading quiz - Monday (Oct. 14) - Chapter 6 (skip
6.1.5)



Interior

« Generally, planet interiors are probed indirectly:

« bulk density gives a rough indication of composition (i.e. gaseous Vvs.
rocky); limiting cases are more useful but rare.

 distance from the Sun can indicate what elements condensed where
the planet formed

 observations of satellite orbits can inform on the interior mass
distribution

« observations of tidal deformations can inform on the internal structure
of moons

« presence of a magnetic field can indicate the existence of
ferromagnetic materials or a fluid core
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Magnetic Fields

How are magnetic fields generated?

* remanent ferromagnetism (charges
bound to atoms of a solid in an aligned
configuration): Mars (in some parts of
its crust)

* interaction between solar wind and
conducting regions of the planet: Venus e

 Dynamo Process:

MANTLE

-> inner core solid (due to high pressure)

-> outer core is liquid and in motion (due to
convection and Earth’s rotation) through the
Sun’s magnetic field

ect roll

-> generates circulating electric currents
in outer core

-> generates and supports magnetic field

\guﬂ'c{b eff s

S0 need convection, rotation, and an electrically conducting fluid
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Solar System Interiors

For small bodies, a density p = 1 g/cm3 implies an icy or

porous interior. For large bodies, it implies a primarily
hydrogen/helium composition.

p = 3 g/cms3 -> rocky body

p > 3 g/cms3 -> iron (or other heavier elements) must be
present



Interior of the Earth

/(MR2)= 0.33

Crust 1-100 km
thick

most solid mantle)

,-0' O
{"\ Lithosphere
/(crustupper-

Upper mantle
2,000 °C

Athenosphere
Lower mantle
3,000 °C

2,900 km

p=5.5g/cm3

Crust Outer core

d // 3,800°C

Inner core
6,000 °C
(11,000 °F)

Densities of typical
surface rocks = 3 g/cm3

Not to scale

To scale



P and S waves

——# 5 and P waves
— P waves only
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Interior of the Moon

/(MR2)= 0.3932

Anorthositic Crust

p = 3.3 g/cm3

~587 km radius
Zone of Partial Melt
(Lower Mantle)

~350 km radius
Fluid Outer Core

Middle Mantle

Upper Mantle
3,474 KM

upper mantle: olivine

middle mantle: olivine+pyroxene

~160 km radius

Solid Inner Core
(assuming 10% of the core
has crystallized)



Interior of the Moon from seismology

No plate tectonics, but moonquakes can originate:
- near the surface (like on Earth, but due to meteorite impacts);

- from deep in the Moon’s interior, as a result of the tidal force exerted by
Earth;

- thermally, by expansion of the crust illuminated by the Sun after two
weeks in the dark and cold.
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Moon’s past magnetic field

The presence of an iron core and magnetized lunar samples show evidence of
a past magnetic field.

Possible sources: e

orbit normal

- mantle and core rotate around slightly nomal 4
different axes, and the boundary figure axis
between them is not quite spherical,
so their relative motion causes the

fluid to mix around;

- but as distance from Earth has
Increased, the angle has
decreased and eventually these
forces became insufficient to
generate a dynamo

mantle
figure axis

o
,gp 17

-33°

6, = 1.543°
I =5.145°

- Impacts by meteorites or comets
(since recently it was found that not all
lunar samples were magnetized,;
Tarduno et al. 2021).



Interior of Mercury

/(MR2)= 0.325

p = 5.3 g/cm3
-> 60% of its mass

IS made of iron (i.e. 2x
the chondritic meteorite
percentage)

Crust

Mantle

Liquid outer core

past volcanic activity
suggested by old lava
flows

Solid inner core

-> |ack of basaltic iron
suggests last volcanic
activity was ~3.5 Gyr
ago

Like on Earth, the solidification of the inner core releases enough energy to
keep outer core convective -> dynamo! (though magnetic field strength is just
1% that of Earth)



Interior of Venus

2\=
I/(MR ) 0.337 Carbon dioxide Sulfuric acid
Margot et al. (2021) atmosphere

-> core radius is 58% of Venus
radius

p=95.24 g/cm3

-> only 5% less than Earth

Landers found the surface
IS basaltic.

-> suggests recent or
ongoing volcanic activity

Metallic co Rocky mantle

No magnetic field:
- less FeS than on Earth -> higher melting point -> frozen core

OR
- entire core is liquid -> no convection to drive the dynamo

OR
- hot, rigid (from being dry) mantle keeps heat from escaping fast enough

from outer core to drive convection



Interior of Mars

I/(MR2)= 0377 : InSigh|t lander
3 | _ 4 T - \ Seismic waves
p = 374 Q/Cm —Marsquake
: ! Mantle L
mantle is 18% FeO (by g
weight) -> rust (Fe203) |
(l)lympus Mons
~ volcano
Volcanoes are present, South Pole —=
iIndicating past volcanism
(through which the planet Radius of Mars: 3,390km
likely lost its heat early on). Radius of core: 1,830km

Note: Not to scale Crust thickness: 24-72km
Source: S.Cottaar/P.Koelemeijer/J.Winterbourne/Nasa B|B|C]

InSight lander gathered seismic data: Mars is seismically active!
published in Feb. 2020



Interior of Jupiter’s satellites
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density decreases from inner to outermost, indicating increasing ice fractions




Interior of Saturn’s satellites

Janus
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Global Ocean on
Saturn’s Moon s erust
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Gicbal ocean

Density does not decrease
from inner to outer (like

' J ' - Rocky core
Jupiter’s moons):

-> Titan is densest,

then Enceladus. South polir region

with active jots




