
Saturn’s
Bounty

Saturn’s spectacular rings and fascinating 
moons make it a favorite among observ-
ers. See inside for an observing guide, as 
well as S&T articles on the rings, Titan, and 
the rest of the bizarre satellite family.
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May’s Amazing Planet Trio
The three brightest planets form an extremely tight group at dusk.

Sun, Moon & Planets
saturn is well placed for viewing almost 
all night throughout May. And a remark-
able planetary drama unfolds in the last 
third of the month: Venus, Jupiter, and 
Mercury converge into a very tight knot 
low in the evening twilight.

D u s k
May begins with Jupiter high and venus 
low in the west-northwest shortly after 
sunset. Venus sets in bright twilight, just 
¾ hour after the Sun. Jupiter, a huge 27° 
to Venus’s upper left, remains visible long 
after the sky is dark. But Jupiter appears 
about ¾° lower each evening, while Venus 
creeps a little higher, as they head toward 
conjunction on May 28th. 

Venus and Jupiter form lovely configu-
rations with the crescent Moon on May 
10–12, as shown below.

Mercury is invisible for the first half of 
May, passing through superior conjunc-
tion behind the Sun on May 11th. But it 
joins the evening planet scene just eight 
days later.

On May 19th, Jupiter, Venus, and Mer-
cury form a line less than 13° long. Mer-
cury is only about 3° high a half hour after 
sunset, so you may need binoculars to spot 
it even though it shines at magnitude –1.4. 
Venus is about 4° upper left of Mercury, 
and Jupiter 9° upper left of Venus.

The line shortens each evening as 
Mercury appears higher and Jupiter lower. 
From May 24–29, Venus, Jupiter, and 
Mercury form a “trio” — a temporary 
gathering of three celestial objects that fits 
within a circle 5° or less wide. The event 
takes place fairly low in bright twilight, 
but it’s readily visible because all three 
planets are very bright. Mercury fades 
just a trace, from magnitude –0.9 to –0.7, 
while Venus and Jupiter hold steady at 
magnitude –3.9 and –1.9, respectively. For 
skywatchers around latitude 40° north, all 
three planets are more than 6° above the 
west-northwest horizon a half hour after 
sunset throughout the trio.

Venus and Mercury appear closest 
together on May 24th, with Mercury 11/3° 

upper right of Venus. The trio is most 
compact on the evening of May 26th in 
the Americas, when the three planets fit 
within a circle less than 2½° wide. This 
is also when Jupiter and Mercury are 
closest. On May 27th, Venus and Jupiter 
are side by side 1¼° apart with Mercury 
less than 22/3° above them. Then on May 
28th, Venus and Jupiter, the two brightest 
planets, are only 1° apart.

Compare the disks of the three planets 
in a telescope while they’re a trio: Jupiter is 
32″ wide and fully lit, Venus 10″ wide and 
about 96% lit, while Mercury’s gibbous 
disk alters subtly from 5.7″ and 80% lit to 
6.2″ and 68% lit. Try to catch the planets 
immediately after sunset, while they’re as 
high as possible above the horizon.

All good things must come to an end. 
On May 31st the three planets are again 
in a diagonal line, but now it’s expand-
ing — Venus is 4° lower right of Mercury 
and Jupiter 3½° lower right of Venus. And 
Jupiter, falling out of the gathering, starts 
setting less than an hour after the Sun.
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These scenes are 
always drawn for near 
the middle of North 
America (latitude 
40° north, longitude 
90° west); European 
observers should 
move each Moon 
symbol a quarter of 
the way toward the 
one for the previ-
ous date. In the Far 
East, move the Moon 
halfway. The blue 10° 
scale bar is about 
the width of your fist 
at arm’s length. For 
clarity, the Moon is 
shown three times its 
actual apparent size.
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ORBITs OF THE PL ANETs
The curved arrows show each planet’s movement 
during May. The outer planets don’t change position 
enough in a month to notice at this scale.

See skypub.com/may2013planets for 
an animation of the planets’ changing 
configurations.

D u s k  T H R O u G H
M O s T  O F  N I G H T
saturn was at opposition on April 28th, 
so in May it remains bright, bigger than 
usual in telescopes, and visible almost 
all night long. The planet shrinks and 
dims just a little, ending May at magni-
tude +0.3. But it climbs high earlier in 
the night. At dusk on May 31st Saturn is 
already well up in the south-southeast, 
shining about one-third the way up the 
sky. Saturn retrogrades out of Libra into 
easternmost Virgo this month. Its separa-
tion from Spica decreases from 15° to 13°.

D A W N
Uranus, in Pisces, and neptune, in 
Aquarius, are highest at dawn; see skypub.
com/urnep for finder charts.

Pluto, in Sagittarius, is highest around 
the beginning of morning twilight; next 
month’s issue will contain finder charts.

Mars rises too soon before the Sun to 
be observed.

s u N  A N D  M O O N
The sun undergoes an annular eclipse 
on May 9–10. The eclipse is visible mostly 

over the Pacific, but the path of annularity 
crosses northwestern Australia, and the 
partial phase is visible in most of Mela-
nesia, Australia, and New Zealand. See 
skypub.com/may2013eclipses for details on 
this and the lunar eclipse described below.

The Moon undergoes an extremely 
slight penumbral eclipse on the American 
night of May 24–25, probably undetect-
able even by the most sensitive scientific 
instruments. But there’s a consolation that 
night: the full Moon occults the double 

star Beta Scorpii in the southeastern U.S. 
and elsewhere; see page 52.

The Moon is a very thin crescent just 
lower left of Venus on May 10th very low 
in the west-northwest a half hour after 
sunset. It passes Jupiter on the 11th and 
12th. The waxing gibbous Moon is just 
to the right of Spica on the American 
evening of May 21st and near Saturn on 
the 22nd. ✦
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Ringworld
Revelations

By Matthew S. Tiscareno

Saturn’s rings are arguably the flattest structure 
known to science. From end to end they would 
reach from Earth to the Moon, yet they’re 
hardly taller than a troupe of acrobats stand-
ing on one another’s shoulders. By analogy, if 
the rings were as thin as a sheet of paper, they 
would stretch 3 kilometers (2 miles) across.

All four giant planets in our solar system have 
rings, but only Saturn has a bright and mas-
sive ring system. Is this uniqueness a matter of 
chance, or something more? What can Saturn’s 
rings tell us about the origin of our solar system 
and similar processes elsewhere in the galaxy?
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Revelations

Cassini’s high-resolution camera 
took 126 images of Saturn and its 
rings on October 6, 2004, which 
 scientists assembled into this 
 natural-color mosaic. All images are 
courtesy the Cassini Imaging Team, 
NASA/JPL, and the Space Science 
 Institute unless  otherwise credited.

Saturn’s rings are reluctantly giving up 
their secrets to Cassini’s prying eyes.
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These questions, and more, motivated the development 
of NASA’s Cassini spacecraft, which was launched in 1997 
and entered Saturnian orbit in July 2004. Along with map-
ping methane lakes on Titan’s surface, catching Enceladus 
spewing icy geysers, and tracking storms in Saturn’s atmo-
sphere, Cassini has conducted extensive studies of the ring 
system and its environment. These observations have shed 
new light on the nature of the ring particles, how they in-
teract with one another and with the planet’s moons, and 
the role of fine dust within the ring system. And, as always 
with exploration, Cassini’s revelations are prompting us 
to ask even more questions, as mysteries we didn’t know 
about come to our attention.

Saturn’s main rings are divided into the outermost A 
ring, the dense and bright B ring, and the inner, more deli-
cate C ring. The Cassini Division between the A and B rings 
is not empty but contains tenuous material analogous to 
the C ring. The F ring is a wild and woolly narrow loop just 
outside the A ring, while three dusty, diaphanous rings are 
designated D (inside C), G (outside F), and E (outside G).

Moons and Disks
Saturn’s rings provide our only way to get up close and per-
sonal with an astrophysical disk. Astronomers have found 
many nearby stars encircled by young gas disks or slightly 
older dust disks; presumably our solar system once looked 
similar to these. We can learn much about disks from re-
mote observations and theoretical models, but only at Sat-
urn can we directly observe disk processes in detail.

Of particular interest is a disk’s interaction with a mas-
sive object — a moonlet or moon in Saturn’s case, a plan-
etesimal or planet around a star. Cassini has shed light on 
such processes in a number of ways.

Two moons, each several kilometers wide, orbit inside 
gaps in the outer A ring: Pan in the 320-km-wide Encke 

Division and Daphnis in the 35-km-wide Keeler Gap. Much 
as planetesimals must do in a disk around a young star, 
Pan and Daphnis gravitationally perturb the orbits of the 
smaller ring particles that pass by them, creating scalloped 
patterns in the gap edges and generating wakes that propa-
gate into the ring.

The gap edges have turned out to be considerably more 
complex than theorists predicted. Cassini sees the wavy 

Last September, Cassini 
spent 12 hours in Saturn’s 
shadow and used that 
 opportunity to capture 
the rings brilliantly back-
lit by sunlight. Because 
the camera was viewing 
the system’s unlit side, 
opaque regions like the B 
ring look dark, while more 
tenuous rings of small 
dust particles look bright. 
The ring segment in 
shadow (at left) appears 
in silhouette against the 
planet’s faintly illumi-
nated night side.

Even though their scales and origins differ, spiral arms arise in both 
Saturn’s rings and galaxies. Resonant effects from larger, more distant 
moons generate spiral density waves in the rings, where particles bunch 
up in a rhythmic progression. Here we see these waves in the A ring.
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edges of the Encke Division fluctuate in both frequency 
and amplitude; they never completely die out. Many other 
ring edges, including those of the A ring, the B ring, and 
the Keeler Gap, have more elaborate shapes than expected. 
The cause of this complexity remains unclear. Tracking it 
down may lead to the discovery of small moonlets nearby, 
or it may correct a deficiency in our understanding of gap-
clearing processes.

Larger moons outside the main rings raise spiral density 
waves at ring locations that are in resonance with a moon’s 
orbit. Resonances are akin to pushing a swing on a play-
ground. If you push the swing indiscriminately — some-
times when the swing is moving forward, sometimes when 
it’s moving backward, sometimes at the top of its arc, 
sometimes in the middle — then the swing will not go very 
high and nothing very interesting happens. But if you push 
in step with the swing’s natural frequency, then the swing 
will go increasingly higher and higher — often to the de-
light of a child.

Moons can have a similar effect on ring particles. For 
example, when a chunk of rock or ice completes six orbits 
in precisely the interval it takes a moon to orbit five times, 
each moon passage will produce the same push on it. As 
those pushes add up, the particle’s orbit becomes elon-
gated, moving in and out from the perspective of other 
(well-behaved, circular-orbiting) objects. When millions of 
ring particles in the same region become perturbed in this 
way, they generate a spiral density wave that propagates 
away from the disturbance.

These density waves follow the same physics that give 
rise to spiral arms in galaxies, though their origins are dif-
ferent. Measuring the height, shape, and wavelength of 
these waves can yield information about the rings’ surface 
density (mass per unit area) and the mass of the perturbing 
moon, as well as put limits on the rings’ vertical thickness. 
Cassini results indicate that the A ring’s surface density is 
highest around the Encke Division, falling off both inward 
and outward. Density-wave measurements also limit the 
vertical thickness of the Cassini Division to a few meters at 
most, and the inner A ring must be less than 10 to 15 me-
ters (30 to 50 feet) thick.

Zebras in the A Ring
Individual disk particles are always trying to gather into 
larger particles, while tidal forces try to pull those aggre-
gations apart. Saturn’s A ring is very close to the planet’s 
Roche limit, the distance at which this eternal tug of war 
is in balance. As particles constantly clump together and 
shear apart, zebra-like patterns called “self-gravity wakes” 
emerge in the A ring.

These structures were first inferred from Voyager stud-
ies of a curious A-ring property — a viewer sees the ring 

The small moons Pan and Daphnis orbit in the Encke Division and Keeler 
Gap, respectively, and sweep away the material that would otherwise 
fill these gaps. A: Pan is the small dot inside the Encke Division. The 
Keeler Gap is at upper right. B: Pan’s gravity shapes this clumpy ringlet 
in the Encke Division. C: Pan’s gravitational perturbations generate 
scalloped features on the edge of the gap. D: Daphnis’ gravity sculpts a 
sharp saw-tooth pattern in the gap edge, rather than graceful scallops.

A

B
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as slightly brighter toward the left front and right rear 
and dimmer in between. This strange effect is a result of 
the fact that the rings reflect more light when an observer 
looks across the wakes, and less when one views them 
along the wakes.

By measuring the ring brightness from many perspec-
tives, Cassini scientists have built up a shape model for 
these wakes and have inferred that they are a few meters 
tall and a few tens of meters wide. By tying the shape 
model to the wake sizes, they can place even stricter limits 
on the vertical extent of the A ring.

Geysers and Arcs
Most of the icy particles comprising Saturn’s main rings 
range in size from a marble to a house. Electromagnetic 
effects sweep away smaller dust particles, so scientists pay 
particular attention to the few locations in the main rings 
where dust remains, because these may be hotbeds of on-
going activity.

The best configuration for detecting dust is to view the 
rings in forward-scattered light, when the ring lies between 
the observer and the Sun. You may have noticed the same 
effect when you clean a shelf. To see dust, look along the 

Left: On September 15, 2006, Cassini was in a perfect position to catch Enceladus and its associated E ring. Geysers near the moon’s south pole eject 
icy particles into space, where they are trapped by Saturn’s gravity to form the E ring. The Sun was almost directly behind Saturn when this image was 
taken, and this backlighting makes the dusty E ring appear much brighter than it normally does. The moon Tethys is to the far left of Enceladus. Right: 
Unlike Saturn’s other rings, but like one of Neptune’s rings, the G ring has an arc, seen here as a region of enhanced brightness. This structure, probably 
held in place by a resonance with Mimas, could be hiding an unseen moon or a family of moonlets. The three white dots left of the ring are stars.

 pringworld revelations

This representation of 
ultraviolet data shows the 
composition of the rings 
changing from the A ring 
(right) to the B ring (left). 
Turquoise areas are al-
most pure water ice. The 
red regions are ice mixed 
with traces of unidentified 
compounds.
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surface toward a light source. Cassini does 
the same thing when it’s on the side of Saturn 
opposite the Sun — especially when it slips 
into the planet’s shadow — to highlight the 
backlit dust.

The F ring’s constant activity — as a result 
of its two sheperd moons — churns up huge 
amounts of dust and makes it the brightest 
component of the rings when backlit. Other 
prominent features are the innermost D ring 
and the outermost G and E rings, which are 
nearly invisible from other viewing angles. 

The D ring, seldom studied as it sits sand-
wiched between the main rings and Saturn’s 
cloudtops, is unexpectedly dynamic. The 
most prominent ringlet seen by Voyager 
has moved inward by 200 km and dimmed 
considerably, one of very few confirmed 
changes in the 25 years between spacecraft 
encounters. The outer D ring not only appears warped like 
a corrugated tin roof, but the corrugation also continues 
to wind itself tighter with time. By determining the wind-
ing rate and extrapolating backward, researchers have 
concluded that the corrugation began as a simple vertical 
displacement around 1984, perhaps caused by an asteroid 
or comet impact (January issue, page 18).

The E ring, flowing from and enveloping Enceladus, is 
Saturn’s largest ring, though it’s also the faintest and hard-
est to see when not backlit. Cassini has confirmed that it is 
composed entirely of very fine water-ice crystals, condensed 
after having been spewed from geysers near the moon’s 
south pole (S&T: March 2006, page 38).

Arguably Saturn’s most mysterious ring is the faint and 
dusty G ring, which occupies the void between the main 
rings and the E ring. Rings A through D form a unit, E 
clearly originates with Enceladus, and F is confined by the 
moons Prometheus and Pandora. By contrast, the G ring 
lacks any known parent moon or reason for existing. But 
Cassini has found a vital clue: an arc taking up some 10% of 
the ring’s circumference. The arc is five times brighter than 
the rest of the ring and turns out to be in a resonance with 
the moon Mimas, which orbits Saturn six times while the 
arc completes seven roundtrips. Only Neptune’s rings have 
been previously observed to have persistent arcs, and there 
also a resonance is probably responsible for preventing 
particles from spreading around the ring’s circumference. 
Could the arc be hiding the G ring’s parent moon or per-
haps a belt of parent moonlets?

Kicking Up Dust
The main rings also sport a few locations that are rich in 
dust. These regions stand out in the largely dust-free ex-
panse, so they merit special attention.

In the Encke Division, the moon Pan shares its space 
with several dusty ringlets. Although less chaotic than the 
F ring, these contain a number of kinks and arcs that orbit 
along with Pan. Yet they are not fully in lockstep with Pan; 
Cassini has observed these ringlet clumps moving over a 
time scale of months, some changing direction when they 
encounter Pan and others apparently destroyed. Scientists 

The B ring, like the A ring, is rife 
with tightly wound radial structure. 
But unlike the A ring’s spiral density 
waves, most of the B ring’s features 
do not correlate with known reso-
nance locations, so the origin of 
the structure remains unexplained. 
The difficulty of studying the B ring 
has been compounded by its tight 
packing of particles, with so little 
space between them that Voyager’s 
stellar- and radio-occultation ex-
periments failed to penetrate it. 
Cassini’s high-gain radio antenna 
overcame this obstacle in 2005, 
sending its powerful signal directly 
through the B ring to Earth. Data 
analysis is ongoing, but preliminary 
results indicate fine structure even 
in the densest regions of the B ring, 
which block as much as 99% of light 

passing through them.
The B ring is also famous for 

spokes, ghostly radial markings first 
seen by ground-based observers 
and later confirmed by Voyagers 
1 and 2. The spokes appear sud-
denly and remain intact for much 
longer than Keplerian orbital motion 
should allow, since interior spoke 
particles should orbit faster than ex-
terior ones. Cassini failed to observe 
a single spoke during its first year 
at Saturn, a disappointment chalked 
up to seasonal effects. Spokes seem 
to appear predominantly during 
Saturnian spring and autumn, when 
sunlight strikes the ring at a more 
glancing angle. 

Spokes finally made their grand 
reappearance in September 2005, 
and they’ve been seen more recently 
whenever Cassini’s viewing geom-
etry is favorable. Still, the spokes 
observed so far have been weak and 
few in number compared to those 
imaged by the Voyager spacecraft in 
1980–81; scientists anticipate them 
gaining strength with the approach-
ing 2009 equinox.

The spokes’ formation process 
remains unclear, though Saturn’s 
powerful magnetic field is almost 
certainly involved in maintaining 
their radial aspect. The imaging 
team hopes that high-speed movies 
will eventually catch spokes in the 
act of forming, leading to a resolu-
tion of the mystery.

Left: Voyagers 1 and 2 saw 
spokes galore in Saturn’s B 
ring, probably because of 
a favorable Sun angle. Ac-
cording to the laws of grav-
ity, these mysterious radial 
striations should immedi-
ately break apart because 
inner spoke particles orbit 
Saturn faster than outer 
ones. Below: Cassini imaged 
these spokes, which exhibit 
pronounced shearing, on 
September 28, 2006. The 
number and intensity of 
spokes should increase over 
the next few years as the 
viewing geometry improves.

The B Ring: Land of Spokes
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Just beyond the main rings 
is a narrow, tortured ribbon 
known as the F ring. This 
structure is hemmed in on 
either side by the shepherd 
moons Prometheus and Pan-
dora, which average 102 and 
84 kilometers (63 and 52 
miles) across, respectively. 
Each of the two moons ap-
pear to push ring material 
away from it by scattering 
nearby particles. As a result, 
this ring maintains an aver-
age width of only 1,500 km.

But neither the ring nor 
the shepherd moons main-
tain  circular orbits. From 
the F ring’s perspective Pro-
metheus and Pandora move 
in and out and up and down 
in a constant dance. These 
motions should hamper the 
moons’ ability to shepherd 

the ring between them, yet 
it remains confined. As a 
result, the ring’s central core 
contains countless knots and 
kinks, as it is worked and 
reworked by the moons. The 
inner moon, Prometheus, oc-
casionally dips into the ring’s 
outskirts, each time carving 
a narrow channel that shears 
away downstream. Pro-
metheus will penetrate the F 
ring’s core in 2009, an event 
that promises even more 
spectacular fireworks.

Cassini images have fur-
ther revealed that parallel 
strands in the F ring con-
nect with one another into 
a tightly wound one-arm 
spiral, possibly trailing away 
from a collision between a 
small moonlet and the ring’s 
core. 

A: The narrow F ring lies just outside the main rings 
and is confined by the small shepherd moons Pro-
metheus (shown here) and Pandora. B: The inces-
sant in-and-out, up-and-down dance of Prometheus 
and Pandora (shown here) relative to the ring grav-
itationally sculpts clumps and kinks in the ring’s 
core. C: Narrow channels carved by Prometheus’s 
in-and-out motion shear away downstream.  
D: A spiral arm winds all the way around Saturn.

F is for Freewheeling 
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are working to understand these effects. 
Are they all due to Pan, or do other 
moons lurk in the gap?

Another place where the rings kick up 
dust is a small ringlet that was recently 
discovered to inhabit a gap in the Cas-
sini Division (January issue, page 18). 
Voyager’s cameras should have been 
able to see this ringlet but did not, mak-
ing it perhaps the newest addition to 
Saturn’s ring system. When it was first 
seen, one researcher exclaimed, “Look at 
that charming little ringlet!” The feature 
has since been nicknamed the Charming 
Ringlet. But like a planetary Pokemon, 
this cutie turns into a monster under the 
right conditions. When viewed in the for-
ward-scattered light that highlights dust, 
the Charming Ringlet dominates the 
entire region, becoming so bright that it 
saturated some of the Cassini images.

Infrared spectra from Cassini’s Visual 
and Infrared Mapping Spectrometer 
confirm that the material in the Charm-
ing Ringlet looks like matter in the F 
ring and the Encke Division ringlets but 
unlike material in the rest of the main 
rings. Why is the Charming Ringlet dif-
ferent, and how did it get that way? Is it 
a recent creation? It may well be a product of the disrup-
tion (perhaps by a meteoroid impact) of an unseen moonlet 
that opened the gap in the first place.

Age and Origin
Cassini has discovered several football-field-size moonlets, 
some by imaging the propeller-shaped disturbances they 
generate in the A ring, others by seeing them block star-
light passing through the F ring. These moonlets bridge 
the gap between the house-size chunks in the main rings 
and the full-fledged moons, which are at least several kilo-
meters across (S&T: July 2006, page 18).

The sizes of these intermediate bodies suggest that they 
have dense, icy cores, though they certainly have been re-
processed many times in the cycle of accretion and disrup-
tion. Dense cores would arise if the rings originated with 
the tidal or collisional breakup of a moon about the size 

of Mimas (400 km across) or perhaps an interloper from 
elsewhere in the solar system. Such an event may have oc-
curred relatively recently — perhaps 100 million years ago 
— judging from the very fresh ice seen everywhere in the 
ring system, the migration rates of larger moons that hold 
ring structures in place, and indications that the rings con-
tinue to change even today.

On the other hand, some researchers think the rings are 
billions of years old and are somehow recycling themselves 
constantly. Cassini will continue addressing such questions, 
for example, by observing changes in moon orbits over the 
entire mission to see if they are indeed migrating in a fash-
ion that would not be sustainable over billions of years.

Saturn’s rings have turned out to be more action-packed 
than we expected. Moons open gaps and generate waves, 
while geysers and violent collisions grind out dust. Yet the 
rings retain their stately beauty, steadily — if reluctantly 
— divulging secrets about their workings and origins. †

Matthew S. Tiscareno (Cornell University) has studied Kuiper 
Belt dynamics and the surface of Europa. He now focuses on rings 
as an associate of the Cassini Imaging Team. 

Saturn’s rings are so flat that when seen edge-on, as here, they almost disappear. 
This natural-color Cassini image, taken only 1/3° out of the ring plane, shows the 
moon Dione hovering in front of the planet, on which the rings’ shadows are cast.

Cassini images taken on December 12, 2004, were combined to make 
this natural-color mosaic stretching from the D ring (far left) to the F 
ring. Gaps, density waves, and spiral arms can all be seen. The mosaic 
covers a  radial span of 65,000 kilometers (40,000 miles). 



26 December 2008 sky & telescope

Titan
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yet their composition 
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Christiaan Huygens discovered the first satellite 
around Saturn in 1655. Generations of later astronomers struggled to 
learn more about this distant world, eventually named Titan, and in 
time discovered that its size and characteristics are more akin to those 
of a planet. With a diameter of 3,200 miles (5,150 km), Titan is half 
again wider than Earth’s moon, and it even outsizes Mercury. No other 
satellite boasts a dense atmosphere, let alone one dominated by nitro-
gen and laced with methane. In fact, planetary specialists regard Titan 
as a primordial Earth in deep freeze. 

But even when Voyager 1 flew past at close range in 1980, Titan 
divulged few secrets. Opaque layers of hydrocarbon haze permeate the 
atmosphere, hiding the surface from view. Observers later exploited 
infrared “windows” that cut through the haze, resulting in crude maps 
of bright and dark surface markings. But that patchwork only whetted 
curiosity about this alien world. What, exactly, lay at the bottom of that 
dense, smoggy atmosphere?

Thanks to the Cassini-Huygens mission, which arrived at Saturn in 
July 2004, we finally have answers. The European Space Agency’s Huy-
gens probe parachuted onto Titan’s surface in January 2005 (S&T: April 
2005, page 34), and since then NASA’s Cassini Saturn orbiter has slipped 
past Titan dozens of times, probing beneath the enshrouding haze to 
piece together a global view of its frigid surface.

sky & telescope 12
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Planetary scientists expected to find much of Titan 
covered with an ocean of liquid ethane (C

2
H

6
) and other 

hydrocarbons that have rained out of the smoggy sky. 
Solar ultraviolet light and charged-particle bombardment 
from Saturn’s magnetosphere shatter atmospheric meth-
ane (CH

4
) molecules, which recombine to form droplets 

of more complex hydrocarbons, along with hydrogen gas 
that escapes to space. Over 4½ billion years this conver-
sion should have produced enough ethane for a global 
ocean 1,000 feet (300 meters) deep.

But there is no ocean. What we’ve found instead has 
paradoxically advanced our knowledge leaps and bounds 
while sending us back to the drawing board.

Titan is a world where water ice acts like “rock,” and a 
cryogenic brew of liquid ethane 
and methane plays the role of 
“water.” Yet Titan abounds with 
mountains, plains, dunes, and 
riverbeds that eerily mimic their 
terrestrial counterparts. Mars 
may have its vast deserts and 
Venus its pervasive volcanism, 
but of all worlds in our solar 
system, Titan is the place where 
field geologists would feel most 
at home, except for the  –290°F 
(–179°C) temperature.

Rivers Run Through It
Perhaps the most striking results from Huygens’s descent 
were snapshots that showed intricate, branching patterns 
of dark lines cascading down hilly slopes. Liquid has 
unquestionably flowed on Titan’s surface in recent times, 
and the nature of the branching shows that the channels 
were formed by rainfall — not from the floods or under-
ground processes that we have probably occurred on Mars. 

Cassini has spotted similar drainage systems at the 
equatorial latitudes where Huygens touched down, at 
mid-latitudes, and at the poles. None of these channels 
appear to be flowing now, but they presumably fill with 
runoff whenever it rains. As liquid flows downhill from 
nearby hills and mountains, it gathers speed and drives 
the kinds of erosion so common here on Earth.

Titan’s channels exhibit considerable variety, and we 
don’t yet understand why. The big ones seen by Cassini, 
between ½ and 1 mile across, could be dried-up riverbeds, 
or they might include adjacent valleys or floodplains. 

A few of the wandering channels course through 
canyons, a testament to the erosive power of the flows 
that created them. Some stretch for hundreds of miles. 
Others, like those near the Huygens landing site, origi-
nate and disappear within only a few miles. Some have 
bottoms that appear dark in radar scans, meaning that 
they are smooth on scales of a few inches, while others 
are bright, meaning they are rough.

Titan

lifting the veil  
Cassini’s VIMS instrument recorded 
these images of Titan’s surface at 
near-infrared wavelengths. The dark 
patches are not the seas revealed by 
radar, but are instead dunefields.

TITan’S aTMoSpheRe
Of all the bodies in the solar system, 
Titan’s atmosphere is by far and away the 
most similar to Earth’s in both composition 
and pressure. Both atmospheres are domi-
nated by nitrogen (78% Earth, about 95% 
Titan). The atmospheric pressure on Titan’s 
surface is about 50% greater than the pres-
sure at sea level on Earth. That’s a paltry 
difference when compared to Venus’s pres-
sure (90 times that at sea level), and Mars’s 
pressure (about 1% that at sea level).

Nasa / JPL / 
UNiversity of arizoNa



solid ground  
huygens landed on a dry 
plain, but the smooth, 
rounded rocks and moist 
“soil” suggest this area 
was recently wet. not 
knowing what awaited 
huygens, eSa planners 
equipped the probe to 
land safely in liquid or on 
solid ground. The fore-
ground rocks are made 
of water ice and are 
about the size of a fist.

We suspect that methane rainfall drives the chan-
nel flows. But how does this rainfall vary by season and 
latitude? And does it simply rain on Titan, or do its clouds 
unleash torrential downpours? Although we haven’t seen 
any lightning yet, Titan’s storms evolve much as thunder-
storms do on Earth. Low cumulus clouds rapidly grow in 
vertical extent until they reach the tropopause and then 
shrink — presumably as they dump a methane-ethane 
rain onto Titan’s surface.

As on Earth, thunderstorms are localized in a few 
preferred spots. One hovers over Titan’s south pole, which 
is now experiencing late-summer’s constant sunlight. 
Another is a thin band centered at 40° south, where solar 
heating pushes air upward in much the same way that the 
Intertropical Convergence Zone drives water to Earth’s 
tropical rain forests.

But why was the ground beneath Huygens moist, 
when Cassini doesn’t see clouds anywhere near the equa-
tor? Perhaps we don’t yet know how to predict where rain 
will fall. Huygens found lots of turbulence 15 to 20 miles 
up, conditions that could produce precipitation despite 
the absence of clouds. Confirmation of this “ghost rain” 
came from Hawaii’s Keck Observatory, which found 
liquid methane to be more concentrated in this same 
atmospheric layer. Still, it’s not yet clear what drives this 
drizzle, or whether it occurs all over Titan or just at equa-
torial latitudes.
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riverbeds  Left: Cassini’s radar instrument has 
found dry riverbeds all over Titan. The channels 
come in all sizes and in both smooth and rough 
textures. They were presumably carved by liquid 
hydrocarbons running downhill. Right: as huygens 
parachuted to Titan’s surface, its descent camera 
imaged dark channels flowing into what appears to 
be a dry lakebed. The channels are currently dry, but 
they indicate recent fluvial activity fed by rainfall.

Nasa / JPL / esa /
UNiversity of arizoNa
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Splish, Splash
Huygens didn’t see any surface puddles because, we now 
realize, it landed in Titan’s equivalent of a vast desert. 
There are big pools of liquid on the surface — but they’re 
in the polar regions. Cassini first spotted clusters of dark 
polar patches in 2005, and they’ve tantalized our science 
team ever since.

Initially the evidence for true hydrocarbon lakes was 
circumstantial. They appear really dark in both radar 
scans and infrared images. The radar result is consistent 
with nearly mirror-smooth surfaces that reflect Cassini’s 
radar emissions away from the spacecraft and out into 
space. The infrared darkness implies that clear liquid 
extends so far down that photons of light are absorbed 
before they can scatter off suspended particulates.

The lake hypothesis reached its splash point last 
December, when Cassini’s Visual and Infrared Mapping 
Spectrometer (VIMS) got a good look at a conspicuous 
dark region near the south pole known as Ontario Lacus. 
VIMS analyzed the feature’s reflectivity between 2 and 5 
microns, infrared wavelengths at which the atmosphere is 
transparent. A handful of absorption lines match the ones 
expected for liquid ethane — finally, we had our long-
sought “smoking gun” for fluid-filled reservoirs (Novem-
ber issue, page 19).

Close-ups of Ontario Lacus from that flyby also reveal 
what may be mudflats and a surrounding bathtub ring. 

land of lakes  Left and above: Cassini’s radar has revealed 
numerous flat, smooth features, mainly at high northern lati-
tudes, which scientists have interpreted as lakes. This view has 
been confirmed by recent spectral analysis. Titan and earth are 
the only bodies in the solar system to have liquid bodies on their 
surface. The colors in the left image represent radar reflectivity, 
not what you’d see. Above left: Cassini imaged ontario Lacus 
in near-infrared light. This feature is similar in size and shape to 
Lake ontario, and is located near Titan’s south pole. Recent spec-
tral observations have confirmed the presence of liquid ethane.

Titan
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These concentric shoreline features tell us that the lake 
has evaporated from its greatest extent, and its level ebbs 
and flows over time. Recent work has shown that the 
northern lakes drive clouds and rain downwind of them, 
like lake-effect snow from the Great Lakes.

Sailing the Sandy Sea
Rain isn’t the only thing falling out of Titan’s sky. Much 
of the precipitation comes as little clots of hydrocarbon 
smog that slowly fall out of the atmosphere and onto 
the surface. Each smog particle is just 1% the width of a 
human hair, but mammoth drifts of this stuff has piled 
up over billions of years. Through a process not yet under-
stood, these particles agglomerate into grains 250 times 
larger in diameter, at which point they get blown around 
the surface like sand on Earth.

In 2005, after Cassini’s second radar pass over 
Titan, team scientists were immediately struck by large 
expanses of thin, dark streaks dubbed “cat scratches.” The 
streaks’ distinctive patterns, 1- to 2-mile separations, and 
100- to 500-foot heights make them dead-ringers for the 
most common sand dunes on Earth.

Found abundantly in Africa’s Sahara and Namib 
Deserts, the Arabian Desert, and in Australia, these lon-
gitudinal dunes form with their crests oriented parallel to 
the average wind direction. Winds don’t blow particles up 
or down a dune, but rather sideways along it. On Earth, 
some longitudinal dunes are maintained by strong pri-
mary winds that move great volumes of sand parallel to 
the dune, supplemented by off-axis winds that help keep 
the sand piled up. In other cases, the winds come from 
two different directions that change seasonally. 

We don’t yet know which wind regime is shaping 
Titan’s vast dune fields, but we can tell that all that hydro-
carbon fluff is on the move (or has been recently). The 
strips of surface between the dunes are amazingly free of 
sand, despite their proximity to giant mountains around 

them. That’s the signature of ongoing dune formation.
Cassini can’t deduce the range of particle sizes from 

orbit. But given Titan’s surface gravity (about one-sev-
enth that on Earth) and atmospheric pressure (nearly 
50% greater than Earth’s), the particles would need to be 
only just a little bit larger than those found in our dunes.

We don’t yet have a good handle on the particles’ com-
position. Most sand dunes on Earth consist of silica (SiO

2
), 

but Titan’s sands must be another beast altogether. VIMS 

dune planet  This radar image reveals longitudinal dunes 
on Titan that have similar structures to those found in terres-
trial deserts. Titan’s dunes are found mostly near the equa-
tor, and, unlike earth’s sand dunes, are made of solid organic 
particles or ice coated with organics.
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Last year, Titan threw Cassini’s  
radar scientists a real curve. 
They were unable to match up 
surface features wherever one 
of the instrument’s long image 
swaths overlapped another. The 
coordinates of a given surface 
feature could be off by up to 25 miles 
(40 km) from one swath to the next.

The team had assumed that 
Titan’s obliquity (axial tilt) was zero. 
If instead the pole could drift by 
nearly a half degree, the observations 
fit together much better. Yet even with 
the revised polar tilt, the radar images 
continued to show offsets of up to 2 
miles — and they were getting larger. 
Incredibly, the moon’s spin seemed to 
be speeding up!

Tides from Saturn should 
force Titan to keep one 
hemisphere constantly facing 

the planet, just as the Moon’s 
near side always faces Earth. 

Motions within Titan’s dense 
atmosphere can affect the spin 

rate slightly, but not if they have 
to tug the moon’s entire mass.

The only way to explain the 
growing mismatch is if the winds 

push only on Titan’s icy crust 
— and that’s only possible if a 

liquid-water mantle separates the 
moon’s crust from its rock-and-

metal core. We’re not yet sure how 
far down this lubricating layer might 

lie, though the radar team estimates 
that Titan’s ice crust might be about 

45 miles thick.

The Spin on Titan
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Titan

spectra suggest some kind of organic composition. Imag-
ine mountains of coffee grounds hundreds of feet high!

The global maps built from Cassini’s dozens of close 
Titan flybys reveal that these sand “seas” straddle the 
equator and cover about 20% of Titan’s surface. By com-
parison, dunes cover only 1% of the “desert world” Mars 
and only 6% of Earth’s dry land. 

Much ado about Mountains
If you had taken a poll of planetary scientists before Cas-
sini reached Saturn, few would have bet that the orbiter 
would discover mountains on Titan. But the orbiter has 
found not just isolated peaks, but entire ranges. Most are 

between 2,000 and 7,000 feet 
high, similar to the elevations 
of the Appalachians in the 
eastern U.S.

Given that the mountains 
consist of ice, these some-
what modest peaks are rather 
substantial, and their heights 
help us to constrain the nature 
of Titan’s crust. Some ranges 
might be large blocks ejected 
by large impacts. Others form 
true ranges, tens of miles wide 
and hundreds long. Mountain 
chains are ubiquitous on Earth, 

thanks to plate tectonism, but they’re rare elsewhere in the 
solar system. Some kind of crustal upheaval within Titan 
must have created these mountain chains — and may still 
be building them — though the cause remains unknown.

The set of mountains at 40° south, near a dark region 
called Senkyo, may be large enough to influence Titan’s 

weather. As winds blow over these peaks, the rising moist 
air cools and generates clouds, and ground-based observ-
ers have noticed that thunderstorms preferentially gather 
at this latitude. Nearer the equator, winds deviate around 
mountains and fashion dune crests that resemble stream-
lines around a raindrop.

With all of this churning, blowing, and precipitating, 
geologists wouldn’t expect to see many impact craters on 
Titan — and, in fact, they’re surprisingly rare. The few 
that we can identify are being eroded away, covered up, 
or both. In reality, Titan has probably experienced just 
as many large impacts as have its sister moons, such as 
heavily cratered Rhea. But geologic activity has erased 
all the old scars over the intervening eons and has nearly 
removed more recent ones.

Despite these leaps in knowledge, our exploration of 
Titan remains in its infancy, roughly matching what we 
knew about Mars following Mariner 9’s pioneering flight 
more than 35 years ago. Cassini remains in excellent 
health, and we’re hoping the mission continues to fill the 
gaps in our understanding until it runs out of propellant 
or funding, whichever comes first.

After that, the future exploration of Titan is an open 
book. Scientists are looking to bundle an orbiter, lander, 
and hot-air balloon on a single mission that could be 
mounted a couple of decades from now. But given Titan’s 
many similarities to Earth, it’s not hard to imagine future 
astronauts — ice picks in hand — chipping away at an 
icy outcrop and scooping up samples of Titanian coffee 
grounds for analysis. ✦

Now an assistant professor of physics at the University of 
Idaho, Jason Barnes has worked with Cassini’s VIMS team 
for three years. 

Mountain ranges  Above: Cassini’s radar has found numer-
ous mountain ranges that are similar in scale to the appalachians 
in eastern north america. Right: This composite VIMS image 
from Cassini reveals a 100-mile-long range just south of the equa-
tor. The origin of these structures remains unknown. 

an abode foR LIfe?
titan’s surface abounds with organic 
molecules and water ice, but its frigid 
temperatures offer bleak prospects 
for life. At titan’s –290°F (–179°c) 
surface temperatures, chemical 
reactions slow to a crawl, limiting 
the ability of complex molecules to 
form. But titan’s interior is warm 
enough to sustain liquid water. Given 
the plethora of life’s building blocks 
on titan, scientists cannot rule out 
the possibility that the moon harbors 
biological activity deep underground.

Nasa / JPL 
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Cassini-Huygens was billed as a 
mission to Saturn and Titan. But 
it has also thrilled us with unex-
pected discoveries and amazing images 
from Saturn’s mid-size moons: Mimas, Encel-
adus, Tethys, Dione, Rhea, Hyperion, Iapetus, 
and Phoebe. Though far smaller than Titan, each 
iceball is a unique world with interesting geology.

One of the greatest surprises has been 
Enceladus. Only Saturn’s sixth-largest moon, it 
has proven to be astonishingly active. Water-rich 
geysers rocket hundreds of kilometers into space. 
Its potential for liquid water and perhaps even 
life provokes discussion of a dedicated mission, 
ranking tiny Enceladus among such tantalizing 
worlds as Titan and Europa. Meanwhile, Cassini 
has resolved the nearly 340-year-old mystery of 
why Iapetus, Saturn’s outermost mid-size moon, 
is black as coal on one face and icy on the other.

Touring Saturn
Cassini is bound by gravity to travel in ellipses 
around Saturn. The moons orbit the giant planet 
on near-circular paths with speeds, sizes, and 
inclinations often quite different from Cassini’s. 
Mission navigators shift the spacecraft’s orbit to 
tour the Saturnian system using frequent flybys 
of Titan, the only moon massive enough to pro-
vide a gravity assist.

To study the other moons, Cassini must burn 
precious fuel to position itself in the right place 
at the right time to meet one in its orbit. These 
targeted flybys usually involve an approach 
to within 2,000 kilometers (1,200 miles), and 
sometimes as low as 25 km. Other non-targeted 
opportunities present themselves through chance 
orbital juxtapositions, but generally Cassini must 
approach nearer than 200,000 km to conduct use-
ful science.

Cassini’s moon observations thus come in 
rare, concentrated bursts of data. Before Cassini 
arrived, Enceladus had already been marked for 
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NASA’s Cassini mission has solved long-

standing mysteries about Saturn’s icy moons, 

but raised new ones in their place.

Emily lakdawalla

Saturn’S Swarm of beeS  The Ringed Planet has 61 known moons, most 

of which are only a few kilometers across. In these images from NASA’s Cassini 

orbiter, we see several of the planet’s 8 mid-sized satellites, objects a few hundred 

to 1,500 km across. The icy moon Enceladus, a prime target for future exploration 

because of its potential habitability for life, appears in all three of these images. 

In the far left image, it appears to the right of center just above the ring plane. In 

the image above, the moon appears at the far right, in the ring plane. And in the 

image below, Enceladus appears just above and to the left of the rings.

UNlESS oThERwISE INdICATEd, All ImAgES: NASA / jPl / SPACE SCIENCE INSTITUTE;  AUThoR PhoTo: ERIk NEldER
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Saturn Moons

enceladuS  This false-color mosaic  
of Enceladus combines 21 images 
taken at different resolutions on july 14, 
2005. The tiger stripes appear like giant 
scratches near the south pole. Note  
the lack of impact craters over large 
swaths of the surface, an indicator  
of relative youth.

mIRRoR-lIkE SURfACE
With its icy surface, Enceladus 
reflects nearly 100% of the sun-
light that strikes it (the exact per-
centage depends on wavelength), 
giving it the highest albedo of any 
known object in the solar system.



special attention, with four targeted flybys; the rest of the 
mid-sized moons received only one (and Mimas, none). 
Cassini’s mission was extended starting in mid-2008, in 
part, to include more Enceladus encounters. There have 
since been three targeted incredibly close Enceladus fly-
bys, and four more are scheduled.

Intriguing Enceladus
With its anomalous brightness, scientists have long sus-
pected that something odd was going on at Enceladus. In 
1966 astronomers discovered Saturn’s E ring. Unlike the 
A through D rings, the E ring is incredibly diffuse, made 
of tiny water-ice particles. It extends vertically, covering 
a huge volume that encompasses the orbits of Mimas to 
Rhea. Yet it’s densest near Enceladus’s orbit. It seemed 
that Enceladus and the E ring were linked. But how?

Voyager 2 images showed us the northern and equato-
rial regions of Enceladus, revealing that internal geologic 
activity has wiped part of Enceladus’s surface clean of cra-
ters. Just as Jupiter’s volcanic moon Io is heated by tidal 
flexure from 2:1 and 4:1 orbital resonances with Europa 
and Ganymede, so too does Enceladus receive regular 
internal heat inputs from a 2:1 resonance with Dione.

But the E ring’s water-ice particles need continuous 
resupply. It seemed ridiculous that a body as small as 
Enceladus — only 500 km across — could be geologically 
active today, and could provide the necessary input of 
particles to sustain the E ring.

This conundrum was solved by the Cassini discovery 
of Enceladus’s plumes. By mid-2005, observations from 
the magnetometer, the Ultraviolet Imaging Spectrograph 
(UVIS), the Ion and Neutral Mass Spectrometer (INMS), 
the Cosmic Dust Analyzer (CDA), and the Composite 
Infrared Spectrometer (CIRS) showed that a watery atmo-
sphere was originating from parallel troughs, called sulci, 
discovered by Cassini’s cameras near the south pole. CIRS 
found the vents to be at least 60 kelvins warmer than the 
frigid 70 kelvins expected for the south pole. 

The emblematic photos of Enceladus’s plumes came in 
November 2005, when the vagaries of orbital mechanics 
finally permitted Cassini’s main cameras, the Imaging 
Science Subsystem (ISS), to acquire moderate-resolution, 
high-phase views at an angle where the plumes’ dust 
particles could scatter sunlight in a forward direction. Tri-
angulation of the jets seen in ISS images pointed back to 
many of the south pole’s hottest spots measured by CIRS.

Staring down the Throat
The close flybys in 2008 have all occurred at very high 
inclination, so Cassini could swoop in from above the 
north pole, shoot just above the surface somewhere in the 
southern hemisphere, and catch outbound views staring 
straight down onto the enigmatic south-polar terrain, fly-
ing more or less through the plume itself. The plume par-
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e rInG  Saturn’s broad, diffuse E ring is densest near the orbit of Ence-
ladus. The ring’s ice particles originate from geysers shooting from the 
moon’s south pole. In this Cassini image, taken on September 15, 2006, 
Enceladus is the spot inside the ring, and the slightly larger moon Tethys 
appears as a crescent at the far left. 

temperature map  Left: Cassini’s Composite Infrared Spectrometer 
(CIRS) found a surprisingly warm region near Enceladus’s south pole, a 
spot more recently linked to geysers. Right: without this escaping heat, 
the pole would be colder than the rest of the surface. 

moonS compared  Enceladus and Iapetus are both considered 
medium-sized satellites. They are much smaller than Earth’s moon, 
jupiter’s galilean satellites, and Titan, but are big enough for their self-
gravity to pull them into a nearly spherical shape. c
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ticles were considered too small to threaten the spacecraft 
despite the inevitability of high-speed collisions.

The fly-throughs have firmly established the connec-
tion between the Enceladus plumes and the E ring. The 
plumes are made of two components: gas and particles. 
The INMS found the gas to be primarily water vapor 
(92%), mixed with smaller amounts of carbon dioxide, 
nitrogen, methane, ammonia, hydrocarbons including 
acetylene and propane, and possibly even argon. The gas 
shoots out at a speed of many hundreds of meters per sec-
ond. Since that is much higher than Enceladus’s escape 
velocity, it goes into Saturn orbit, populating the E ring. 
A large fraction of the particles, primarily ice, come out at 
much lower speed, so most re-impact Enceladus, giving it 
its fresh, snowy countenance.

If Enceladus has been venting at its current rate over 
the age of the solar system, it would have lost 20% of its 
mass. Enceladus is much denser than either of its neigh-
bors, Mimas or Tethys, another possible indication that it 
has lost a substantial quantity of lower-density water ice to 
the E ring.

Using a novel technique to compensate for the 
spacecraft’s high relative velocity (17.7 km per second), 
the imaging team was able to take sharp pictures of the 
south-polar terrain during the August 11 and October 31, 
2008 encounters. The resulting panoramic views revealed 
a rumpled and fractured terrain, seamed with deep fis-
sures, and covered everywhere with house-sized boulders 
of ice. Many of the images were targeted to cover areas 
where CIRS had found the hottest temperatures, and 
where triangulation had identified plume sources. 

Although the sulci are fresher than the surrounding 
terrain, they were not obviously different near the mapped 

plumes; the sulci appear uniform along their length. The 
imaging team has concluded that there is nothing special 
about the location of a given plume source. Plumes may 
emanate from any point along a sulcus, and they may 
move with time. The sulci could be sites of crustal spread-
ing, like Earth’s mid-Atlantic ridge. Such tectonic activity 
would explain the apparent youth of Enceladus’s south-
polar terrain. 

the plumeS of enceladuS  Cassini scientists use false-
color images such as this to identify individual plumes with 
source regions on the tiger stripes (sulci). The plumes shoot 
hundreds of kilometers into space and include water-ice particles, 
water vapor, carbon dioxide, nitrogen, methane, ammonia and 
other gases. In other words, they contain the ingredients for life.

Saturn Moons

enceladuS In SIlhouette  Cassini captured this dramatic view of Enceladus against Saturn’s night side on may 4, 2006. The 
moon’s geysers are clearly visible against Saturn’s southern hemisphere, which is illuminated by sunlight reflecting off the rings.
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Is There liquid water?
CIRS observations show that the vents are relatively hot, 
at least 145 kelvins ( –200°F). This is intriguingly close to 
the lowest temperature at which water could melt in the 
Saturn system — 170 kelvins — but only if there is a lot 
of ammonia present, which would depress the water’s 
melting point. Yet INMS observed ammonia only during 
the very closest of the 2008 flybys, and not in great abun-
dance. And the Visual and Infrared Mapping Spectrom-
eter (VIMS) has found none on the surface. 

Since temperatures tend to increase with depth on any 
body, there could be liquid water very close to Enceladus’s 
surface, perhaps even just 40 meters (130 feet) down. It’s 
mechanically possible for the boiling of that water to drive 
the high-speed plumes.

But there’s another possibility that would leave Encel-
adus without near-surface liquid water. The plumes could 
be driven by the explosive decomposition of a form of ice 
called clathrate, which has many gaps in its crystal lattice 
that could allow it to hold up to 10%, by weight, of other 
gases. This is the same percentage that was observed in 
the gas component of the plumes.

If tidal flexure causes Enceladus’s sulci to open and 
close over the course of an orbit, new cracks could expose 
clathrates to the vacuum of space, whereupon they would 
explode, driving the gas and entrained particles outward 
at very high speed.

The tidal forces that squeeze Enceladus could gener-
ate heat just by rubbing the two sides of the sulci against 
each other. Again, this would be a dry process, not requir-
ing near-surface liquid water; it could help to expose and 
heat clathrates, or could operate without any clathrates 
being present. Cassini’s future Enceladus flybys will be 

tIGer StrIpeS up cloSe  In August (left) and october (right) 2008, Cassini swooped under Enceladus’s south pole at close range, 
giving scientists high-resolution views of the tiger stripes, which might behave much like spreading ridges on Earth’s ocean floors.
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directed in part at trying to distinguish among these 
competing ideas.

Whether or not pockets of liquid water are driving the 
geysers, there could still be liquid water much deeper 
down, well below the source of the plume activity. Many 
of the solar system’s round icy  
moons (and also the dwarf 
planets of the Kuiper Belt, and 
the main-belt asteroid Ceres) are 
theorized to have layers of liquid 
water at some depth below their 
frozen surfaces. Enceladus is small, but it has a lot of 
heat. So it’s very likely that Enceladus has either a global 
ocean or a localized south polar layer between its icy crust 
and its rocky core.

The composition of Enceladus’s plumes — particularly 
the presence of molecular nitrogen and hydrocarbons 
such as methane, acetylene, and propane — hint that 
complex catalytic chemistry may have taken place inside 
the moon. Mineral-rich liquid water may have circulated 
among warm rocks below an insulating cap of ice, pro-
ducing nitrogen from ammonia, and hydrocarbons from 
carbon dioxide.

This chemistry could be taking place now, or could 
have happened long ago. Either way, there was probably 
liquid water, heat, organic chemicals, and active chemis-
try — the stuff of life. As a possible abode for past or pres-
ent life, Enceladus has catapulted from being moderately 
interesting to brief consideration as the prime target of 
NASA’s next flagship mission to the outer solar system. 
NASA and ESA recently decided on a mission to visit 
Jupiter’s moons, but the fact that diminutive Enceladus 
was included among such exalted company is amazing.

To learn more about the Cassini mission 
and Saturn’s icy moons, visit http:// 
saturn.jpl.nasa.gov.  



ing as a result of a slowing in Iapetus’s rotation rate. But 
later impacts have battered the ridge so severely that it’s 
difficult to tease out its original shape and, therefore, its 
origin. Overall, Iapetus’s markedly lumpy shape indicates 
that it has been frozen rigid for most of its history.

If Iapetus has been frozen that long, there can’t be 
any internal geologic activity maintaining the separa-
tion between the dark and bright terrain. Something 
must maintain it; the many impacts that have reshaped 
Iapetus’s surface should have exposed bright ice in dark 
regions and distributed dark material to formerly bright 
regions. So scientists have sought an external origin for 
the yin-yang pattern.

Cassini’s imaging team has discovered telling facts 
about the patterns of bright and dark material. First, the 
story wasn’t as simple as “leading side black/trailing side 
white.” The dark material snakes around the equator onto 
the trailing side, while both the north and south poles are 
bright on both leading and trailing hemispheres.

Yet there is a color difference that closely follows the 
leading-trailing boundary. The leading side is redder than 
the trailing side, a statement that holds true across both 
dark and bright terrains. Dark material is concentrated 

Yin-Yang Iapetus
Unlike Enceladus and Titan, Iapetus is about as geologi-
cally dead as moons come. Iapetus intrigues scientists 
because of the utter weirdness of its two-toned color 
— blacker than coal over much of its leading hemisphere, 
and gray, dirty ice across the trailing hemisphere. What 
created this hemispheric dichotomy? Was it endogenic, 
arising from internal geologic activity, or exogenic, 
imposed from the outside?

Both hemispheres are thickly scarred with impact 
craters, but Iapetus’s topography is more than just craters. 
One of the oddest things discovered in Cassini images is a 
long ridge of mountains lying exactly on the equator, like 
the seam on a walnut. Some of the ridge’s mountains had 
been spotted in Voyager images, but no one expected it to 
stretch halfway around the moon. In places it rises nearly 
20 km high, and measures 70 km across at the base. It 
disappears in a place where the earlier topography is oblit-
erated by a huge impact basin. Across the transition to the 
bright terrain the ridge breaks up into seven or so isolated 
mountains seen by Voyager, and then vanishes.

Analysis of the ridge’s shape sug-
gests that it’s very old, perhaps form-

Saturn Moons

YIn-YanG SatellIte  
Iapetus’s leading hemisphere 
(left) is as dark as coal, while 
the trailing hemisphere (right) 
is considerably lighter in tone. 
The image on the left shows 
the equatorial ridge, which 
stretches halfway around the 
moon. If the ridge formed off 
the equator, tidal interactions 
with Saturn would have forced 
it to straddle the equator.

IAPETUS 
ThE TRICk S TER
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Soon after giovanni 
domenico Cassini discov-
ered Iapetus in 1671 on the 
western side of Saturn at 
magnitude 10, he noticed 
that the moon disappeared 
on the eastern side. with 
an improved telescope, 
he finally found it on the 
eastern side in 1705, at 
magnitude 12. he brilliantly 
and correctly inferred that 
Iapetus has a dark and light 
hemisphere, and that it’s 
tidally locked to Saturn.



on the equator-facing rims of craters in the bright region, 
whereas bright material is concentrated on pole-facing 
rims of craters in the dark region. A model originally 
developed to explain weird terrain on Jupiter’s moon    
Callisto suggested itself: thermal segregation.

When dark material lands on Iapetan ice, the darker 
ice heats more rapidly, and to higher temperatures, than 
brighter ice. When exposed to sunlight, the ice within the 
warm dark regions vaporizes more rapidly than ice within 
the bright regions does. Thermal segregation gets a leg up 
on Iapetus because, on its very distant orbit, it rotates very 
slowly, only once every 80 days. So its daytime tempera-
tures, as confirmed by CIRS, rise much higher than those 
on other moons’, facilitating vaporization.

The water vapor eventually freezes back to the ground. 
It is more likely to freeze onto 
colder surfaces, including 
bright areas and also shadowed 
areas like pole-facing crater 
walls. Losing ice, the dark 
regions get even darker. It’s a 
runaway process that rapidly 
blackens dusted regions in a 
matter of a few to a few tens of 
million years — just a blink of 
an eye in geologic terms.

When Cassini flew past Iapetus during its September 
10, 2007 targeted flyby, it captured detailed maps of the 
transition zone between the bright and dark regions. At 
every scale, there was no gray, only black and white, con-
firming the thermal segregation model. The initial source 
of the leading hemisphere’s darkening remains a mystery.

Sunset on the South Poles
Cassini’s four-year primary mission was highly produc-
tive. It solved the mystery of the origin of the E ring and 
Iapetus’s hemispheric dichotomy. It has added Enceladus 

IapetuS’S hImalaYaS  These high-resolution Cassini 
images, taken during its September 10, 2007 Iapetus flyby, show 
small sections of the equatorial ridge. In places, the mountains 
rise nearly 20 kilometers above the average elevation, meaning 
they would dwarf the highest mountains on Earth. only mars’s 
giant volcanoes outrank these peaks in our solar system. 
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boUNd foR IAPETUS
In Arthur C. Clarke’s novel 
2001: A Space Odyssey, the 
spaceship Discovery travels 
to Iapetus, not  
Jupiter (as  
depicted in  
the movie)
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to two prestigious lists: places where we have observed 
active geology, and potentially habitable worlds.

With all 12 instruments still healthy and with plenty 
of remaining fuel, Cassini recently began a two-year 
extended Equinox Mission. The orbiter will carry on 
with its studies while watching the Saturnian system go 
through its northern vernal equinox in August 2009. The 
team is proposing a second extension lasting a 
further 7 years, so it can watch full winter 
descend upon the southern poles.

With the arrival of autumn and winter to Saturn’s 
southern hemisphere and moons, the Sun will set from 
Enceladus’s south pole. But Cassini and its team of 
scientists will continue to monitor the warm glow of 
Enceladus’s vents on into the polar night. ✦

Planetary Society web editor Emily Lakdawalla blogs daily 
about past and present planetary exploration missions at 

planetary.org/blog. She lives in Los Angeles with her hus-
band and a daughter, soon to be joined by another.

On a November 26, 2005 flyby 
of Rhea — Saturn’s second-
largest moon — Cassini’s 
Magnetospheric Imaging 
Instrument (MIMI) detected 
what may be a system of three or 

more rings surrounding 
the satellite. MIMI found 
that something unseen blocks 
the flow of electrons through 
the magnetosphere in Rhea’s 
neighborhood. MIMI detected 
three sharp drops in its electron 
counts on each side of Rhea.

If the rings exist, they’re 
made of particles too large to be 
seen in the forward-scattering 
geometry that made Enceladus’s 
plumes visible. And they’re too 
sparse to be noticed by regular 
reflected light. So it might not be 
possible for Cassini to perform 
follow-up observations that could 
confirm a Rhea ring system.

The Cassini 
magnetometer has seen 

hints of a source of plasma at 
Dione, and the VIMS team has 
also reported the possibility of a 
tenuous atmosphere of methane 
and water ice surrounding this 
moon. The ISS team has searched 
for plumes from Dione like the 
ones seen at Enceladus, but has 
so far come up empty.

Meanwhile, a mysterious dark 
band on Tethys first observed 
in Voyager images has failed to 
yield to explanation. The band 
is obvious in Cassini images, 
darkening a patch of territory 
on the leading side, centered 

almost perfectly on the equator, 
and apparently disregarding local 
topography. Its relatively dark 
color might mean its surface ice 
contains different-size ice crystals 
than other areas of Tethys. The 
equatorial location might suggest 
that the E ring has something to 
do with its formation, but no one 
has yet proposed a mechanism to 
relate the two.

Rings Around Rhea?

IapetuS up cloSe  during its September 10, 2007 flyby, Cassini obtained the first high-resolution images of Iapetus. The images 
partially solved the mystery of Iapetus’s two-toned surface. The image taken in a bright region (left) shows that equator-facing crater 
rims remain dark. This pattern, along with areas where light material is found in dark regions (right), suggests runaway thermal segre-
gation. Ice more quickly vaporizes on the warmer, dark surfaces, so they remain dark, and water vapor freezes on bright, colder terrain.

Saturn Moons
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dione

Tethys

Rhea 
transits 
Saturn
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