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Life in the 
SOLAR

 SYSTEM

ENCELADUS, 
NAMED AFTER 
one of the Giants 
in Greek mythology, 
has an icy surface 
that reflects 81 percent 
of the light falling on it. 
CASSINI IMAGING TEAM/JPL/ESA/

NASA
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This tiny saturnian moon may be, pound for pound, 
the most valuable piece of real estate in the solar 
system. BY MORGAN L. CABLE AND LINDA J. SPILKER

The enigma of
ENCELADUS

Saturn’s sixth-largest moon, 
Enceladus has a diameter of only 
310 miles (500 kilometers), and 
a mass less than 1⁄50,000 that of 
Earth. When it comes to places to 
look for life, however, Enceladus 
is at the top of the list, and it’s 
right in our cosmic backyard.

A bit ignored at first
English astronomer William 
Herschel discovered Enceladus in 
1789, but it remained an enigma 

until the Cassini mission began 
orbiting Saturn in 2004. Prior 
to Cassini, Enceladus was a bit 
ignored. We didn’t know liquid 
water could exist that far out in 
the solar system, so why would 
anyone be that interested in 
another boring, dead ball of ice?

That all changed one year 
later, when Cassini’s magnetom-
eter (think: fancy compass) 
detected something strange in 
Saturn’s magnetic field near 

Enceladus. This suggested the 
moon was active. Subsequent 
passes by Enceladus revealed 
four massive fissures — dubbed 
“tiger stripes” — in a hot spot 
centered on the south pole. And 
emanating from those cracks was 
a massive plume of water vapor 
and ice grains. Enceladus lost its 
label of being a dead relic of a 
bygone era and leaped to center 
stage as a dynamic world with a 
subsurface ocean.

“In the old time 
Pallas [Athena] 
heaved on high 

Sicily, and on huge 
Enceladus dashed 

down the isle, which 
burns with the 

burning yet of that 
immortal giant, as 

he breathes fire 
underground.”
— Quintus Smyrnaeus,

The Fall of Troy
PLUMES SPRAY 
WATER ICE and 
vapor from many 
locations along the 
so-called “tiger stripes” 
crossing Enceladus’ 
south polar terrain. 
The four prominent 
fractures are about 
84 miles (135 kilometers) 
long. This two-image 
mosaic of the moon 
shows the curvilinear 
arrangement of geysers, 
erupting from the 
fractures. NASA/JPL/SPACE 

SCIENCE INSTITUTE
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But was it really an under-
ground ocean, or more of a local 
southern sea? Thankfully, 
Cassini could answer this ques-
tion, too. By verifying excess 
wobble over Enceladus’ orbital 
period, the imaging cameras 
confirmed that the icy crust is 
not connected to the world’s 
rocky core. This could only be 
possible if the crust is floating 
on a global, subsurface, liquid-
water ocean.

And Cassini didn’t stop there. 
Mass spectrometers aboard the 
spacecraft analyzed the gas 
and grains during multiple fly-
throughs of the plume. These 
instruments, the Ion and 
Neutral Mass Spectrometer 
(INMS) and Cosmic Dust 
Analyzer (CDA), found the 
plume contains mostly water, 
but also salts, ammonia, carbon 
dioxide, and small and large 
organic molecules. These 

findings help 
us paint a pic-

ture of the world 
underneath the ice: a pos-

sibly habitable ocean that’s 
slightly alkaline, with access to 
chemical energy in the water 
and geothermal energy at the 
rocky seafloor.

Possible 
energy 
sources
One of the great-
est legacies of the 
Cassini mission is 
that it established 
Enceladus as pos-
sessing all three 
ingredients for 
life as we know it: 
water, chemistry, 
and energy. Water 
in the ocean — 
check. Chemistry in 
the simple and complex organics 
detected in the plume — check. 
These could be utilized to form 
the molecular machinery of life. 

Energy takes a bit more 
explaining.

It is likely that hydrothermal 
vents are present at the seafloor 
of Enceladus. We know this 
because of three lines of evi-
dence. First, INMS detected 
methane in the plume, at higher 
concentrations than would exist 
if sourced from clathrates 
(water-ice cages at high pressure 
with methane trapped inside) or 
other reservoirs in the ice. 
Methane is a key product of 
hydrothermal systems.

Second, CDA discovered sil-
ica nanograins of a particular 
size and oxidation state traced to 
the ocean. These only could 
have formed where liquid water 
is touching rock at temperatures 
of at least 194 degrees Fahrenheit 
(90 degrees Celsius), in the range 
of hydrothermal vents like 
“white smokers” here on Earth.

And third, the recent confir-
mation of molecular hydrogen 
in the plume by the INMS team 
strongly suggests interaction of 
liquid water with a rocky core.

On Earth, hydrothermal 
vents at the base of the Mid-
Atlantic Ridge host teeming 
ecosystems, living as far 
removed as one can imagine 
from photosynthesis. These hab-
itats survive off of geothermal 
and chemical energy. A similar 

community 
might exist near 
a hydrothermal 
vent at the 
seafloor of 
Enceladus.

So, we have 
water, chemistry, 
and energy. Let’s 
say they have 
mixed together 
long enough for 
life to form. 
(Your guess is as 
good as any-
body’s here — 

estimates range from 100,000 to 
25 million years.) How might we 
detect it?

Assuming an energy-limited 
scenario (a good analog is Lake 
Vostok, a body of water in 

CASSINI 
FOUND 
100 geysers — 
most along the four 
tiger stripe fractures — 
while conducting an 
imaging survey of 
Enceladus’ south polar 
region. Researchers 
plotted them on this 
polar stereographic map 
to compare geyser 
activity with enhanced 
thermal emission 
observed by Cassini’s 
heat-measuring 
instruments and with 
the distribution of tidal 
stresses across the 
region. Those 
comparisons produced 
clues that helped 
explain how the geysers 
work. In this image, the 
more precise a geyser 
location is known, the 
smaller the circle 
representing it. These 
four sulci (the large 
fractures) are named for 
ancient cities on Earth. 
NASA/JPL-CALTECH/SPACE SCIENCE 
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ENCELADUS. 
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Antarctica that’s been covered 
with ice for the last 35 million 
years), we are probably looking 
at cell densities in the range of 
100–1,000 cells per milliliter of 
ocean water. For reference, 
Earth’s oceans have about 
1 million cells or more per 
milliliter.

We assume this life would use 
readily available building blocks 
— such as amino acids, which 
are abundant in carbonaceous 
chondrites and likely present all 
over the saturnian system — in 
numbers on par with Earth-
based life.

This assumption is reasonable 
because life needs chemical com-
plexity to carry out the reactions 
that keep cells functional. Then 
we are looking at concentrations 
of biomarkers on the order of 
less than 1 part per billion. 
That’s tough for current instru-
ments to achieve, without some 
kind of concentration step.

Does this mean we have 
to wait for more advanced 
instruments before we search 
for life? Nope.

Organic enrichment 
in the plume
Of all the ice grains detected 
by the CDA instrument, a frac-
tion had a high concentration of 
organic molecules, something 
the CDA team calls high mass 
organic cations (HMOC). While 
the instrument couldn’t specifi-
cally identify the structures of the 
HMOCs, a thorough analysis led 
to some educated guesses, such 
as aromatics (carbon-containing 
ringed structures) and oxygen- 
and nitrogen-bearing species. 
Within Enceladus’ ocean, there 
may be a complex organic soup 
of molecules.

The best theory for how these 
organic-rich ice grains might 
form is due to something called 
“bubbles bursting.” The grains 
were not only organic-rich, but 
also salt-poor, suggesting they 
came from an organic layer at 
the ice-ocean interface.

On Earth we have something 
similar floating at the surface of 
our ocean. It’s a film called an 
“organic microlayer,” as it’s not 
very thick and is typically made 
up of organics from biological 
activity (i.e., bits of cells) and 
from other sources, too.

The organic molecules like to 
hang out together and aren’t 
huge fans of salts or water, so 
they push these things out of the 
microlayer. Then, wave activity 
causes bubbles in this microlayer 
to burst, generating aerosols that 
are organic-rich and salt-poor.

A similar process may be 

happening on Enceladus. 
Organic molecules in the ocean 
may be concentrated at the 
ocean-ice boundary, and, just 
like on Earth, may force out the 
water and salts from this film. 
As the liquid surface at the base 
of the plume boils into vacuum, 
bubbles might burst and disperse 
the organic film, producing 
some grains that have a lot of 
organics inside, and little salt.

The result of all of this? 
Enceladus may be helping to 
concentrate the very things 
astrobiologists want to study the 
most: organic molecules. 

MAGNETIC
DISTORTION 
AS CASSINI 
FLEW BY 
ENCELADUS, 
its magnetometer, which 
measures the magnetic 
field in its area, detected 
an anomaly scientists 
later confirmed as 
plumes coming from 
the moon’s south polar 
region. This illustration 
shows the bending of 
the planet’s magnetic 
field caused by 
Enceladus. NASA/JPL-CALTECH

CASSINI WAS 
A COOPERATIVE 
project of NASA, 
the European Space 
Agency, and the Italian 
Space Agency. The 
spacecraft spent more 
than 13 years studying 
Saturn, its rings, and 
its moons. It captured 
some 450,000 images 
and returned 
635 gigabytes of 
science data. 
NASA/JPL-CALTECH

CASSINI INSIDE AND OUT
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POWERING THE GEYSERS
THE CASSINI SPACECRAFT detected hydrogen in the plume of gas and 
icy material spraying from Enceladus during its final, deepest dive through the 
plume October 28, 2015. By studying the plumes, researchers hope to determine 
the composition of this moon’s subsurface ocean. This graphic illustrates a theory 
on how water interacts with rock at the bottom of the ocean, producing hydrogen. 
NASA/JPL-CALTECH/SOUTHWEST RESEARCH INSTITUTE
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Aerosols on Earth boast organic 
molecules enriched hundreds to 
thousands of times over typical 
ocean concentrations. If we col-
lect samples by flying through 
the plume or by landing on the 
surface, we may have a greater 
chance of detecting evidence of 
life on Enceladus, if it exists.

Future mission 
concepts
Enceladus has captivated us and 
given us more than enough rea-
sons to go back. Many possible 
missions would do the job, and 
a few have been proposed in the 
post-Cassini era, although not 
yet selected by NASA to proceed.

Some would do as Cassini did 
— fly through the plume and 
analyze the gas and grains — but 
with upgraded instruments 
capable of much more sensitive 
and effective tests for life. Others 
would land on Enceladus’ south 
polar terrain, sampling fresh 
snow deposited onto the surface 
from the plume.

Even more ambitious concepts 
include a sample return mission 
(although with a round-trip time 
of 14 years, we 
would have to wait 
awhile to get that 
sample) or various 
climbing or melt-
ing robots to 
descend the 1.2 to 
6.2 miles (2 to 
10 km) through the 
ice shell and reach 
the ocean itself.

Whatever we 
send, the next mis-
sion to Enceladus 
— if indeed astro-
biology is its main 
objective — will need a well-
designed suite of instruments 
capable of searching for multiple, 
independent lines of evidence 
for life. Our understanding of 
life’s characteristics has 
advanced greatly since the 
Viking era, the last time NASA 
openly stated the search for life 
as the primary goal.

Back when the two Viking 
landers touched down on Mars 
in 1976, for example, we knew 
only two of the three branches of 
life. (Archaea, the third and 
most primitive branch of the 
tree of life, was discovered in 
1977.) The Viking landers had 
three biological experiments 
designed to search for life in the 

martian rego-
lith. One test 
result was posi-
tive, one was 
negative, and 
one was ambig-
uous. Since 
then, we have 
learned a great 
deal about how 
to design exper-
iments such 
that an ambigu-
ous result 
is much less 
likely.

We are also getting better at 
searching for biosignatures that 
are as agnostic to Earth life as 
possible. For example, a future 
mission to Enceladus might not 
target DNA, which is Earth-life-
specific, but it might look for a 
molecule that could serve the 
same function for alien life: a 
large molecule with repeating 

subunits (akin to an alphabet) 
capable of storing information, 
such as the blueprints to build 
an alien cell. If such a molecule 
is detected, along with positive 
identification of multiple other 
biosignatures, a strong case 
could be made for the first 
detection in human history of 
life on another world.

Active, accessible, 
and relevant
Enceladus is not the only place 
that could host life. Europa has 
an even larger liquid water res-
ervoir, and Titan’s ocean may 
entertain an unimaginably rich 
organic chemistry.

But Enceladus is the one place 
where researchers know for cer-
tain that they can access mate-
rial from the ocean without the 
need to dig or drill (or even 
land). We can use technology 
available right now to test the 
hypothesis of whether life may 
be present somewhere else in the 
solar system.

Enceladus may be a tiny 
moon, but good things often 
come in small packages. The 
time is now to answer the key 
question that has driven us 
since we first looked up: Are 
we alone? 

Morgan L. Cable is 
a research scientist 
and supervisor of 
the Astrobiology 
and Ocean Worlds 
Group at JPL. Linda 
J. Spilker is a 
planetary scientist, 
ring researcher, 
and Cassini project 
scientist at JPL.

RESEARCHERS 
CREATED this 
enhanced view of 
Enceladus’ south polar 
region by combining 
Cassini images taken 
through infrared, green, 
and ultraviolet filters. 
The tiger stripe 
fractures, the source of 
the plumes venting gas 
and dust into space, are 
prominently visible at 
center. NASA/JPL-CALTECH/SSI/

LUNAR AND PLANETARY INSTITUTE/

PAUL SCHENK (LPI, HOUSTON)

ENCELADUS 
HAS 

CAPTIVATED 
US AND GIVEN 

US MORE 
THAN ENOUGH 
REASONS TO 

GO BACK. 




