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The Galilean Moons of Jupiter

Orbital Resonances play a role too

© Every 7 days, these 3

Eiuropa o
moons line up.

Europa Ganymede i 3 ) < The tugs add up over
0 Callisto time, making all 3
mass | radius | density Mol semimajor | eccen- | inclination orhital orbits elliptical.
(10%g) | (km) | (kg/m3) | (CIMR?) axis tricity (deg, to period
(km) J'seq.) (days)

lo 893.2 | 1822 | 3529.5 | 0.37685 | 421,700 | 0.0041 0.05 177 \ e
+/-0.00035 (6 RJ)

Europa 478.0 | 1565 | 2989.5 0.346 670,900 | 0.0090 0.47 3:95
+/-0.005 (10 RJ)

Ganymede | 1481.7 | 2634 | 1935.6 | 0.3105 | 1,070,400 | 0.0013 0.20 7.15
+/-0.0028 (15 RJ)

Callisto 1075.9 | 2410 | 1834.4 0.359 | 1,882,700 | 0.0074 0.19 16.69
+/-0.005 (27 RJ)

Anderson+, 1996, 1998, 2001a,b
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Sulfides?
Salts?
(SO, CO,

Huge ice, tectonics, and magneti

Undifferentiated “fossil” with ocean

modified from Kimura
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¢ Jupiter’s tidal forces flex Io.

Friction generates heat

Interior of Io is molten

@ Volcanoes erupt frequently.

Sulfur in the lava accounts
for yellow color

Surface ice vaporizes and jets
away

Lava is hotter than on Earth

SO, frost
(white/grey)

Sulfur (S,, S, Ss...),
SO, , and perhaps
CL,SO, (red/orange)

1.98 um (SO2)

Silicate pyroclastics
(black)

¢ Evidence of tectonics &
impact cratering is covered
over by the lava flows.
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Sulfur
(yellow/yellow-green)

\ SO, and radiation
damaged sulfur (brown)

3.15um (H20?)
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What makes red rings around Io’s volcanoes? IO S com pOS] tion B, Nac Koy, diso,

| | | |
Solar reflectance

spectra of Io

Fe-containing silicates or
salts, sulfides, or polymer?
(due to the loss of 1-1.3um
NIMS detector)

Fe-containing
pyroxenes (?)

(dark caldera)

3 2006 Pearson Education, Inc., publishing as Addison Wesley

Reflectance

H,0?, -OH?

Volcanic plumes containing S & SO, (& Na, K, Cl) are ejected at ~1 km/s.
C1,80,7, CISO,?

S, and S, make red rings around volcano and silicate pyroclastics make black spots.
Sulfur (S,) ejected from vents = S, S, Ss... |
Sulfuric red > (UV) - yellow. / : : | ‘

G (\1: I; J 1 2 Galileo NIMS =
rouna-based \wWavelength (um) Carlson+ 2007

Deformation - Gravity field > Spacecraft flyby(s) >

I n te ri O r Of l O J, and/or C,, - Darwin-Radau relation > Mol factor

Bulk density =3.53 g/cc  |[RIACAL 8000 kg/m?| |
Mol factor = 0.377

Reference model:
Assuming
Core density=5150 kg/m?
Crust thickness=50 km
Crust density=2750 kg/m?3
}
Core radius=870 km (0.48R)
Mantle density=3400 kg/m?3

Mantle thickness=902 km

-Core radius is 550-900km (Fe-FeS core), 350-650km (Fe core) Anderson+2001 . .
© Few impact craters and active

If crust density = mantle density (2-layer model), tectonics (geologic age ~10 Myr)
core radius = 950 km (0.52R) for Fe-FeS (5150 kg/m3) )
core radius = 650 km (0.36R) for Fe core (8000 kg/m3) ) ¢ Tectonics features and electro-

magnetic signatures strongly imply

-Galileo's magnetometer failed to detect an intrinsic magnetic field. an existence of subsurface ocean.




Surface composition on Europa: sulfate

0

Surface composition on Europa: sulfuric acid

W
Distribution of the non-ice component, with red Carlson+ 2005 |

being high non-ice concentration. The non-ice

material is associated with the surface cracks and

chaos. (McCord+ 1998)
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Near IR reflectance spectra of Europa’s non-icy and e vy H,SO, concentration is lower in the lineae.
icy areas, and possible surface minerals. (McCord+ oab S \ o~ _ - argues against an endogenic source of
1998) s Naz.‘\:\\m”i‘ﬁf’qh p— sulfurous or hydrated material ?
- MgSO,, Na,SO,, MgCO;, Na,CO, +xH,0 02 |t TN =
-> exposed the subsurface ocean’s brine?? 00 s T ;
=8 3 5 ) o g 3 S . P —water
> implying hydrothermal activity as occurs on Earth? 1.0 15 2.0 2.5 30 4’ w 7R d%%rm Al

Wavelength (pm)

Interior of Europa e

Ice | shell

Bulk density = 2.99 g/

Mol factor = 0.346

& Largest moon in the solar system
(r=2634km, larger than Mercury).

Refere_nce model: Silicate layer & Smallest Mol in the solar system
Assuming e (0.31), implying that outer water
Core density = 5150 kg/m?3 5 32 Tip Roskdersay g layer (~1000km thick), rocky
2 103 kg m-3 o L A

Water layer thickness = 100 km Metallic mantle, and metallic core

Core radius/

Water layer density = 1000 kg/m3 Car Europa radius ¥ (600~1100km radius).
l . & Clear evidence of geological
Core radius = 704 km (0.45R) o %fiﬁ e \ S activiglyd(surfetce gitchotomy).
o 3 13 = - e i 4 A s i > er cratered terrain
Mantle density = 3300 kg/m 4 e 1{—' 15e J ’ o, L : : g > > Young tectonic terrain
Mantle thickness = 761 km s B4 ; 5 SN © Inductive response implying an
1L 38 2 ) i L

existence subsurface water ocean
has been observed (but ambiguous).

(109 kg m3)

lce density

-Core radius is 0-780 km (Fe-FeS core),
0-600km (Fe core) Fe Care

Rock density
(103 kg m3)

¢ Unique moon having an intrinsic
magnetic field.
> Originated by a dynamo motion
Europa radius 0 in the metallic core.

Core radius/ -3




Surface composition on Ganymede
Hydrated Minerals

i

L -~

* Mainly H,O, especially

CO, on Ganymede

- CO, is enriched in
the older cratered
terrain & contained
in the non-ice

dominant in young bright Daltont, 2005 materials.
terrain, non-H,O materials B ' -
are dominant in old dark | x ozst B ‘,_,:mm
terrain. gm Mgsoet G T ) "'ﬁl
E;L Nt g o0 | =
* . E 'E V11 g 3B 4D 4T 44 48
Hydrated minerals (salts) [Effsa— gosst —W\
-MgSO,, Na,SO, « wsoaqxao\/“'.\_ Zool Y\ NIMS spectraof Hibbits+, 2003 NIMS 1.5-um NIMS CO,
- MgCO;, Na,CO, - \ | Ganymede water ice band  band depth
" I Ganymede Nomelcy | . 0.05} nset 1
+xH,0 MaaRege ™ A\ T~ Pappalardo+ 2004 | e depth map map
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Ice is crystalline or amorphous?

Cosmic ray Crystallinity map on Ganymede
uv Galileo/Voyager context image G1GLOBAL CF (-0.2-1.2)
Crystalline ——— Amorphous
Resurfacing
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Bulk density = 1.94 g/cc,
Mol factor = 0.311

Reference model:
Assuming
Core density = 5150 kg/m3
Water layer thickness = 1000 km
Water layer density = 1200 kg/m?
1
Core radius = 920 km (0.35R)
Mantle density = 3400 kg/m?3

Mantle thickness = 724 km

-Core radius is 0-1300 km (Fe-FeS core),

‘ High pressure ice .

"
Ice density 4 1}
(103 kg m-3)

Fe-FeS core o
5150 kg/m?

Ice density 1
(109 kg m3) !

Fe core
8000 kg/m?3

RN

3.4
7 _ Rock density
“32 (102 kg m-9)

3% /
Core %% 0.75 Rg
radius

Rice-rock

34
Rock density
(103 kg m™9)
0.3 4
Core oz 0.1
s ® Anderson+ 1996

0-1050 km (Fe core)

Reference model:
Rc=0.4-0.5R (pc=5150 kg/m?3)
Rc=0.15-0.2R (pc=8000 kg/m?3)

a;rsn'orphous (Strong radiation from J, low surface-T.)
Ganymede: both
Callisto: crystalline (Weak radiation from J, high surface-T.)




Callisto

B Similar to Ganymede’s dark terrain

¢ Globally old surface. B Water ice

- Crystalline (Callisto/ Ganymede)

cratering reveals clean, white ice - Amorphous (Ganymede)
underneath

heavily cratered, dirty ice

Charcoal +
30% lca

SCALED REFLECTANCE

B Dark materials
- Organics? (CN, CH)
- Hydrate salts (sulfates and carbonates)

no evidence of tectonics

¢ No tidal heating, no orbital
resonances (in current orbital state).

& But it has (inductive) magnetic field !! B Other Volatiles

Could it have a subsurface ocean - €O,
anyway? - S0,

Callisto
Gallleo NIMS

SCALED REFLECTANCE

Moore+ (2004)

C02 on CalliStO Anderson+ (2001)

Peges = B000 kg m

* CO, is often concentrated in and around morphologically fresh and bright impact
craters, but not in degraded craters.
* CO,-bearing material is being excavated by impacts?
* CO, Source is possibly not exogenic because known comet crater chains are
not CO,-rich.
* If CO, is being exhumed, water-ice clathrates would act as a stable subsurface

reservoir of CO,. Hibbits+ (2002)
ibbits+

Bulk density = 1.83 g/cc, Mol factor = 0.359

Reference model: Assuming
Core density = 5150 kg/m3
Outer layer thickness = 500 km
Outer layer density = 1300 kg/m3
1
Core radius = 480 km (0.2R)
Mid-layer density = 2400 kg/m3

absorption band




JUpiter
ICy moon
Explorer

JUICE

(JUICE) .

~ JUICE Science Themes
+ Emergence of habitable worlds
around gas giants
« Jupiter system as an archetype for
gas giants

Cosmic Vision Themes

» What are the conditions for planet
formation and emergence of life?

» How does the Solar System work?

JUICE concept
 European-led mission to the Jovian system

» JGO/Laplace scenario upgraded with two Europa flybys and
high-inclination phase at Jupiter
* Model payload is the same as it was on JGO/Laplace

JUICE Mission

JUpiter ICy moons Explorer
Exploring the emergence of habitable worlds around gas giants
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JUICE Mission
SELECTED INSTRUMENTS JUpiter ICy moons Explorer

Europa Fly-by

B

JANUS (Jovis, Amorum ac Natorum Undique Scrutator) AL RS T A

MAIJIS (Moons And Jupiter Imaging Spectrometer) AR - T ARAMRAR Sy G

UVS (UV Imaging Spectrograph) A RGO

SWI _(Submillimetre Wave Instrument) B 73U AR 7
GALA (GAnymede Laser Altimeter) V— Y E R i
RIME (Radar for Icy Moons Exploration) VA=t x i
J-MAG (Magnetometer for JUICE) )15

PEP_(Particle Environment Package) FEE PR L 2R

RPWI (Radio and Plasma Wave Investigations) B - 7T A= EENZE

3GM (Gravity and Geophysics of Jupiter and Galilean Moons) HOOENE

PRIDE (Planetary Radio Interferometer and Doppler Experiment) | BEFIER T4 « Ky 77—
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