
Either you repeat the same conventional doctrines everybody is saying, or else you say 
something true, and it will sound like it’s from Neptune.
                                                                                                          Noam Chomsky

Jovian Gems of Fire and Ice

Hello Astronomy 111. In this module we’ll take a grand tour of the satellites of the Jovian planets 
- Io, Europa,  Ganymede, Callisto, Titan, Triton, and Enceladus. 

These days there's well over 100 known moons of the Jovian planets. Most small, some 
medium, a few large. The small ones are probably captured asteroids or comets. They kind of 
look like asteroids or comets. The medium and large ones likely formed when the Jovian planets 
themselves formed, sort of a mini solar system inside the solar nebula disk.

The image above shows some of the more famous moons of the Jovian planets. Jupiter’s got  
Io, Europa, Ganymede, and Callisto, the Galilean satellites. Saturn’s got Enceladus, Tethys, 
Dione, Rhea, Iapetus, and Titan - that’s a big moon.  Uranus, has Ariel, Oberon, and little Puck. 
Neptune has Triton - that’s a big one too.

Let’s bear down on the the famous Galilean satellites, Io, Europa, Ganymede, and Callisto. A 
collage of them is shown in the image below at ever finer resolution. They look pretty different 
from one another on the surface, but they share some common characteristics on the inside.
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Io is the most volcanically active object in the entire solar system. The collage above shows a 
few examples. Here’s a sort of collage of different pictures of Io. Some people think the larger 
yellow-toned image makes Io looks like a pizza. It’s got all kinds of different colors on it, red, 
whites, blacks, browns. Most are due to sulfur. There’s a lot of sulfur volcanoes activity Io. the 
image on the bottom left shows the Tvashtar volcano in action. Some this plumage escapes Io 
and starts orbiting Jupiter. The bottom right is before and after photos of a volcanic eruption at 
Pillan Patera. We’ve caught erupting volcanoes on other worlds! Wow.

Why is Io is so volcanically hyperactive? Two interconnected reason. First, Io is an an elliptical 
orbit close to Jupiter. When Io is closer to Jupiter, large tidal bulges are raised. When Io is 
farther away from Jupiter, the tidal bulges are smaller. Io goes through this continual cycle of 
compression and decompression. If you take a ball and you squeeze it , let it go, squeeze it, let 
it go … do that a few hundred times, and you know the ball gets hot. Io is the same way. 

Second, Io has an especially elliptical orbit - the eccentricity is unusually large. Its large because 
of something called orbital resonances with Ganymede and Europa. You already know what an 
orbital resonance is. Recall when you got on swing at the playground and somebody got behind 
the swing to pushed you. Or maybe you are the one doing the pushing. You push the person on 
the swing when they return to you. You do this repeatedly.  This is an orbital resonance. 

In terms of planets, an orbital resonance means that a planet orbits an integer multiple of times 
of another planet. For example, as shown in the illustration below, every time Ganymede does 
one complete orbit, Europa will have done exactly two orbits, and Io will have done exactly four 
orbits. Integers number of times. This means, like the person on the swing, Io lines up with 
Europa and Ganymede and gets an extra gravitational nudge. The nudge, over time, pushed Io 
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into an especially elliptical orbit. This is what orbital resonances do, move orbits around. OK? 
Orbital resonances will come up again in this course, so get comfortable with the idea now.

Europa may have deep liquid water ocean under an icy crust. Europa’s interior is kept warm for 
the same reasons as Io - tidal heating - but its not as crazy strong as Io’s because Europa is 
further away from Jupiter. The images below show some of the surface features of Io.  
Brown tiger stripes crisscrossing a white-ish surface. The zoom in image shows features of 
what you'd see in Antarctica or the Arctic when icebergs start to break up and crunch up. You 
see that same fractured structured pattern of a frozen ice top on Europa.

So their is much speculation that underneath that ice, because of the heating, that you've got 
deep liquid water oceans. Magnesium sulfate might be the major salt component of Europa’s 
water, while Earth's oceans are salty due to sodium chloride. Our wondering will end soon, 
though as we are going to Europa in the 2020s! The plan is to drop a probe onto the surface 
and drill or melt a bore hole through the ice. How thick the ice may be is an active planetary 
science question, with some ideas shown in the illustration below. 
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Ganymede may also have a liquid water ocean under its icy crust. Its expected though that the 
ice on the surface is much thicker than on Europa because Ganymede is further away from 
Jupiter and its orbit is more circular - both reduce the amount of tidal heating. Some images of 
Ganymede’s surface are shown above - same jumbled cracked iceberg look as Europa - along 
with an illustration of the interior of Ganymede.

Callisto is the least geologically active since it may have little tidal heating and no orbital 
resonances. However it does have mysteries. For example, the surface shown below appears 
to be covered in a very dark soot like material except where impact craters reveal a brilliant 
white material. We don’t know why this is.
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The image on the left above shows Titan in natural color. Its has a thick cloud covered 
atmosphere like Venus. Fortunately we know how to see past such cloud cover, as shown in the 
right image above, and what surprises!  The mottled surface of Titan shows lighter and darker 
areas. Subsequent spectral analysis showed the darker areas were lakes and seas of liquid 
hydrocarbons - methane, ethane, and propane. A gas station planet! Still later analysis by the 
Cassini mission found visual evidence of evolving liquid systems rivers,  lakes, and shorelines.
The image on the left below shows the glint of sunshine off the liquids surface and the right 
image shows the hydrocarbon lakes. 
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Super intrigued by liquids on the surface, the Huygens probe landed on Titan in 2005. The 
target was land, but care was taken in the design in case it landed in a small unresolved lake,
which it did not. It sent data for about 90 minutes after touchdown. It produced images like the 
one below. The color is mainly orange due to the absorption of blue light by Titan's haze. 
Huygens remains the most distant landing of any human-made craft. And the only one on 
another moon besides our Moon.
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Triton, shown above, was probably captured by Neptune. It’s the only large moons believed to 
have been captured from the Kuiper belt. The region beyond Neptune that is home to Pluto and 
dwarf planet friends. It even kinda looks like a big snowball. 

Titan shows signs of recent geological activity, including ethane geyers. An example is shown in 
the image. From the angle of the many plumes it appears Titan has a wind blowing at about a 
45° angle from the polar region to the equatorial regions. 
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Enceladus, the sixth largest moon of Saturn is also interesting. As shown by the image above it 
has blue tiger stripes across a white surface. The lack of craters means Enceladus is 
geologically active. These stripes appear to be vents from which methane fountains spring, as 
shown in the inset image above. The Cassini mission has discovered a water-rich plume venting 
from the south polar region and about 200  ice volcanoes shooting geyser-like jets of water 
vapor. Most of the ejecta  falls back as snow but some of it escapes and feeds Saturn's rings. 
Similar to Io feeding Jupiter’s magnetosphere.  Also like Io it is though the source of Enceladus’ 
internal energy is tidal heating. 

Thus ends our Jovian gems of Fire and Ice tour. Thanks! Bye Bye.
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