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PLUTO'S
VARIED
GEOLOGY and
surface composition
hint that it could

support an
underground ocean
of liquid water.
Coupling that with
the distant world's
supply of organic
molecules and
energy has some
scientists thinking it
could be a possible
abode for life. aL
IMAGES BY NASA/JHUAPL/SwRI
UNLESS NOTED

PLUTU

Who would have thought this dwarf planet
could nurture life? The idea seemed ludicrous
before New Horizons explored the world.

THE DWARF PLANET PLUTO

lies in the cold, dark outskirts of our
solar system — the Kuiper Belt. At first
glance, this would seem like a poor place
to search for life. Nonetheless, NASA’s
New Horizons spacecraft collected evi-
dence that suggests Pluto possesses many
of the characteristics required for life. It
might even rank alongside more popular
candidates for habitability, such as the icy
moons Europa and Titan.

Despite decades of Earth-based obser-
vations, scientists knew little about Pluto
until New Horizons studied it intensively,
if only briefly, in 2015. The images it
returned showed an unexpectedly diverse
and active world, with mountains and
rift valleys, glaciers of solid nitrogen, and
a thin, hazy atmosphere.

Is it habitable?

Scientists typically assess the habitability
of an environment in terms of the energy,
organic molecules, and liquid water avail-
able. Pluto undoubtedly has the energy.
Even before New Horizons, astronomers
knew Pluto’s density well enough to
deduce that it is roughly two-thirds rock
and one-third ice by mass. Just like on
Earth, radioactive decay within the rocks
releases heat over geological time. This is

Pluto’s dominant energy source, and it
provides enough heat to warm the rocks
in its interior close to their melting point.
Other sources of heat, such as the gravi-
tational energy released as the dwarf
planet formed, are smaller but might
contribute additional warming. Scientists
don’t know whether the radioactive decay
drives the kind of chemical interactions
between water and rock we see at Earth’s
midocean ridges, but it’s clear Pluto has
substantial available power.

The dwarf planet also possesses
organic molecules. The atmosphere con-
tains about 0.3 percent methane. More
importantly, New Horizons found that
solar ultraviolet radiation splits these
methane molecules apart and produces
various simple hydrocarbons, including
acetylene, ethylene, and ethane. Methane
ice also appears on Pluto’s surface, as does
a reddish material that is probably hydro-
carbon haze particles settling out from
the atmosphere. So the surface, at least,
contains organic molecules that could
provide the feedstock for life. Although
it’s not clear there’s any mechanism to
transport these molecules down to a pos-
sible ocean, studies of comets show that
the interiors of outer solar system objects
also can be rich in similar components.
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ABOVE: SHORTLY

AFTER NEW
HORIZONS made its
closest approach to
Pluto, it looked back
and captured this
stunning view. The low,
smooth nitrogen plains
of Sputnik Planitia lie to
the right; ice mountains
casting long shadows
appear to the left and
below; and haze layers
in the atmosphere hang
above the limb.

OPPOSITE, TOP: THE
90-MILE-WIDE
(150 km) Wright Mons
(at lower left) shows a
central depression and
scalloped flanks that
suggest it could be a
cryovolcano.

OPPOSITE, BOTTOM:
A NITROGEN ICE
GLACIER flows from
the lumpy highlands
region at right onto the
smooth nitrogen plains
of Sputnik Planitia.

That leaves liquid water as
the last hurdle to clear. As men-
tioned earlier, radioactive decay
within Pluto releases a substan-
tial amount of heat, enough to
warm and melt all the ice several
times over. Before New Horizons,
it was clear that a subsurface,
liquid ocean could exist beneath
a thick ice shell. However, there
were no assurances that such an
ocean did exist. After all, the
insulating ice shell might experi-
ence slow convection just like
Earth’s silicate mantle, or a pot
of oatmeal on the stove: A con-
vecting shell would remove heat
from the interior fast enough
that an ocean would never form.
That’s why theory alone was
not enough to deduce whether
Pluto has an ocean. For that, we
needed spacecraft observations.

An ocean on Pluto?
Three main lines of evidence
point to a possible subsurface
ocean on Pluto. The first comes
from observations of the dwarf
planet’s surface geology. One
particularly striking aspect is the
many enormous cracks or fis-
sures that score the surface.
These faults — some of which
chop through older impact
craters — imply Pluto has
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undergone a small degree of
global expansion. One way to
produce this planetwide swelling
is to refreeze a subsurface ocean.
As the water cools and converts
back to ice, Pluto’s volume would
increase and push the surface
outward. The expanding ice shell
also would press down on the
water beneath, pressurizing it. If
the pressure grows large enough,
the water might squirt out to the
surface in eruptions that scien-
tists call “cryovolcanism.”

Saturn’s small moon
Enceladus exhibits active cryo-
volcanic eruptions, but the evi-
dence at Pluto is much less

clear-cut. Two large structures
with central depressions and
strange, scalloped flanks could
be cryovolcanoes, though not all
of the New Horizons team is
convinced of this. And some of
the large fractures exhibit halos
of unusual color and composi-
tion that could be a sign of mate-
rial erupted from the interior,
though again, not everyone
accepts this interpretation. While
the geological evidence is ambig-
uous, both the fracturing and the
putative cryovolcanoes are at the
very least consistent with what
scientists would expect from a
slowly refreezing ocean.

THE LONG FRACTURE named Virgil Fossae cuts across Pluto’s surface

and even extends into the large impact crater Elliot. The reddish color of this
and other fractures represents clean water ice, suggesting that they formed

in the relatively recent past.



The second line of evidence concerns
a feature that Pluto does not possess.
Some bodies, like Earth’s Moon and
Saturn’s satellite Iapetus, appear notice-
ably fatter around the equator than
expected. These equatorial bulges formed
earlier in their history when the moons
spun much faster; later on, these ancient
bulges somehow froze in place. In effect,
the Moon and Iapetus have retained a
memory of an earlier, faster spin state.

Pluto seemed a likely candidate for
such a fossil bulge because it must have
spun down considerably over time due
to the gravitational influence of its large
moon, Charon. Yet New Horizons failed
to detect any such bulge. Although scien-
tists have come up with several possible
explanations, one sure way to remove a
bulge is by developing a subsurface ocean
— the ice shell above is simply too weak
to sustain the bulge, and it collapses.

The heart of the matter?
The last line of evidence is the most com-
plicated, but also the most intriguing. It
starts with the enormous, bright basin
known as Sputnik Planitia. This region
appears bright because nitrogen ice fills
it, supplied by nitrogen glaciers that flow
down from the surrounding highlands.

Another key fact about Sputnik
Planitia is its location. It lies almost
directly opposite the point on Pluto that
continuously faces Charon. (Pluto always
presents the same face to Charon, and
vice versa.) If you could somehow place
an extra mass, like a large mountain, on
Pluto’s surface, it would cause the planet
to roll over until the mountain reached
Sputnik Planitia’s location. Scientists call
this process true polar wander, or TPW.

One consequence of TPW is that
Pluto’s surface gets distorted in response
to the movement of the excess mass.
This, combined with the surface expan-
sion, produces fractures — and the
observed fracture orientations match
those predicted by computer models
rather well.

So, Sputnik Planitia’s location makes
perfect sense if it represents an area of
excess mass. But how could the basin
achieve this extra mass? After all, it is
a hole in the ground. It helps that solid
nitrogen is slightly denser than water ice,
so filling the basin with nitrogen ice
assists a bit. Except in the case of

WWW.,ASTRONOMY.COM 65



PLUTO GETS TIPSY

THE FORMATION AND EVOLUTION of Sputnik Planitia may have caused Pluto to tip over. Early in
the dwarf planet'’s history, a Kuiper Belt object slammed into Pluto and gouged out a large impact basin (left).
Nitrogen ice later filled the basin, as the ice shell beneath it thinned and rebounded (middle). If water flowed in
underneath, it would have created a mass excess that caused Pluto to roll over (right).

ASTRONOMY: RICK JOHNSON, AFTER FRANCIS NIMMO

THE SMOOTH
NITROGEN-ICE
PLAINS of Sputnik
Planitia offer a key clue
to the possible presence
of a subsurface ocean
on Pluto. Because it lies
in a spot diametrically
opposite to the location
of the dwarf planet's
large moon, Charon,
scientists think it may
represent a mass excess
reflecting a watery sea
beneath it.

implausibly thick nitrogen lay-
ers, however, that contribution
alone is not enough. One expla-
nation points to a thinning of
the ice shell beneath. A thinner
shell means denser water has
replaced lighter ice, causing an
excess of mass. This combina-
tion of nitrogen loading from
the top and a thinned ice shell
beneath can easily produce a
mass excess and cause TPW.
Although this picture might
seem rather contrived, we know
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something similar happened on
our Moon. Gravity measure-
ments show that many of its
lava-filled impact basins
represent mass excesses, even
though they are still holes in
the ground. Again, the crust
beneath has thinned and denser
mantle material has replaced
lighter crust. Computer models
show crustal thinning is exactly
what you would expect in
response to a high-velocity
impact with a hefty asteroid

or Kuiper Belt object.
L Although we

don’t know for sure that
Sputnik Planitia formed this
way, large elliptical impact
basins are common on solar
system bodies. And if an impact
did create this feature, crustal
thinning would have been an
inevitable consequence.

So, New Horizons has pro-
vided three lines of evidence that
a subsurface ocean might be
present on Pluto: the surface
fractures and possible cryovolca-
noes; the absence of a fossil
equatorial bulge; and the
requirement that Sputnik
Planitia represents a mass excess.
None of these is bulletproof, but
taken together with the theoreti-

cal expectation that an ocean
could be present, the odds
seem to favor the exis-
tence of such an
ocean.




How can we confirm
an ocean?

Over the past two decades, scien-
tists have used several techniques
to look for subsurface oceans on
icy bodies. Unfortunately, nei-
ther of the two best methods will
work on Pluto. The first requires
a large background magnetic
tield, which induces currents in a
body’s salty, electrically conduc-
tive ocean. Researchers then look
for a secondary magnetic field
generated by these currents. The
technique has worked well on
the moons of Jupiter, but there’s
no large background magnetic
field at Pluto to produce such a
signal. The other method relies
on measuring the size of a body’s
tides, because large tides indicate
a weak, and possibly liquid, inte-
rior. But Pluto and Charon
always present the same faces to
each other, so they effectively
produce no tidal signal.

A spacecraft orbiting Pluto
certainly would be able to test
whether Sputnik Planitia repre-
sents a mass excess, though by
itself, this would not prove the
existence of a subsurface ocean.
Still, a more subtle analysis
should tell us for sure. After all,
the mass excess (the ocean) lies
at depth and the mass deficit
(the basin) is at the surface, so
their opposing contributions to
gravity don’t quite cancel out.

By measuring how the gravity
changes the orbital path of a

LIQUIDS APPARENTLY
EXISTED on Pluto in the distant
past, though Alcyonia Lacus was
filled with liquid nitrogen, not water,
before freezing over. This lake lies
in the mountains just north of
Sputnik Planitia.

spacecraft, scientists should be
able to test whether an ocean is
present and deduce the thickness
of the ice shell.

So, just how habitable
is Pluto?

Pluto has a warm interior,
organic molecules (at least on its
surface), and most likely a sub-
surface ocean. So the dwarf
planet probably meets the basic
requirements for habitability.
This is not to say that Pluto is a
haven for life, because the degree
of interaction between the ocean
and the layers above and below it
may be small. Although a frac-
tured rocky core might efficient-
ly transfer heat and perhaps
organics to an ocean above, we
don’t know this to be true. And
if the only source of organics is
material drifting out of the
atmosphere, the shell would
need to be in motion to supply
them to the interior — and the
available evidence indicates the
shell is cold and rigid.

So Pluto is not as tempting a
target as Europa or Enceladus,
which have oceans topped by
thin, mobile ice shells. But it
might be a more suitable habitat
for life than the large moons
Titan or Ganymede, where a
thick, high-pressure ice layer
blocks direct contact between
the ocean and the rocks below.

Pluto generates enough heat
to comfortably sustain a subsur-
face ocean over billions of years.
The evidence scientists have
accumulated so far suggests such
an ocean is present — although
it most likely remains locked
beneath a thick, rigid shell —
and would be detectable by a
tuture orbiter. Also keep in mind
that Pluto is not unique: Other
bodies in the Kuiper Belt have
similar sizes and most likely also
possess oceans. So, the outer-
most reaches of our solar system
are not universally hostile.
Despite the cold and the dark,
Pluto and its brethren may rep-
resent welcoming oases. @

CHARON, Pluto's
largest moon, is locked
in a gravitational
embrace with the dwarf
planet, and both always
keep the same face
toward each other.
Pluto’s Sputnik Planitia
lies exactly opposite
Charon, hinting at a
subsurface ocean on
the dwarf planet.
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