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Melissa Trainer
(NASA Goddard)

We’ve designed 
Dragonfly to understand 

the complexity of 
chemistry on Titan. 

Dragonfly is a rotorcraft 
lander, similar to a drone.

Titan is the second largest 
moon in the solar system behind Jupiter’s 
Ganymede. The cold atmosphere is more 

dense than Earth’s and the gravity is 
lower, making it easier to fly! 

 Carbon-rich 
chemistry happens in 

Titan’s atmosphere and on 
the surface... so we need 

to explore both.

Like rovers on Mars, the craft has 
instruments to study the surface.

For instance, a cryogenic drill on Dragonfly 
will be used to take samples and study them 
with a mass spectrometer.

We want to know what 
happens when large carbon 

molecules mix with liquid water, 
maybe at impact sites that melt 

the icy shell, or in the ocean 
beneath the surface!

Stephanie Getty
(NASA Goddard)

Right now, we don’t 
have reason to believe that 

biology exists on Titan, but we’re 
studying the chemistry that 

leads up to life. 

We know so little about 
Titan, and are super excited 
for the spectacular science 

that Dragonfly will help 
us perform. Shannon MacKenzie

(JHAPL)

NASA’s upcoming Dragonfly mission could 
answer some big questions about Titan. (54)

But flying opens up a whole 
new way of exploring!

Titan is VERY cold. 
We don’t expect life as we 

know it to be happy there at 
the surface. 
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Beyond Titan, Cassini returned spectacular 
data from other locations around Saturn. 
The giant planet’s rings had never been 
seen in such detail.

And dozens of Saturn’s 
bizarre and numerous 
moons had their moment 
in front of Cassini’s lens.

Tiny Enceladus captured the attention of 
astrobiologists when Cassini witnessed 
icy plumes erupting from the moon.

It was definitive 
evidence that Enceladus 
was geologically active.

Cassini continued to study Enceladus’ 
plumes and their effects as they sprayed 
material all over the Saturn system.

Cassini found evidence that the 
plumes contain saltwater and organic 
chemicals. Could Enceladus also be 
hiding a subsurface ocean? And could 
that ocean be a habitat for life? (56)

Carolyn Porco (Cassini
Imaging Team Lead)

“For planetary
explorers like us, there is

little that can compare to the
sighting of activity on another

solar system body. This has
been a heart-stopper, and

surely one of our most  
thrilling results.” (55)
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The Cassini mission continued to yield 
incredible discoveries about Saturn, and 
the astrobiological potential of its many 
moons, until its completion in 2017.

Like its sister spacecraft, Pioneer 11 is now at 
the distant edge of the Solar System, but it is 
silently headed toward the star Sagittarius.

They continued to collect data for many
years as they blasted out toward the
farthest reaches of the Solar System.

On January 23, 2003, a final, weak signal was received 
from Pioneer 10. The silent craft is now flying into 
interstellar space toward the red star Aldebaran. (57)

Voyager 1’s planetary mission was also 
complete with its flyby of Saturn.

It left the ringed planet
behind and blasted outward 
toward interstellar space.

As for the Pioneer
spacecraft, Jupiter and
Saturn were the only
planetary destinations
on their schedule.

58

Robert Kraemer (1928-
2013) (NASA HQ)

Larry Lasher (Pioneer 
Project Manager)

“We can
say that we sent
Pioneer 10 off to

tweak a dragon’s tail,
and it did that and
more. It gave it a
really good yank

and... it survived.”
(2)

“Originally designed  
for a 21- month mission,  
Pioneer 10 lasted more  
than 30 years... I guess  
you could say we got our 

money’s worth.” (7)



26

Voyager 2, however,
had more work to do.

Uranus and Neptune can be seen by 
telescopes on Earth, but scientists 
didn’t know what to expect when 
Voyager 2 arrived.

Uranus itself appeared 
to be fairly inactive, 
with little variation in 
its layers of clouds.

But Voyager 2 discovered 10
new moons and 2 new rings
around the planet. (14)

Uranus may have
looked boring at
first, but it actually
has some pretty
strange features...

Uranus’ five largest
moons showed complex
surfaces that indicated
past geological activity.

...like the fact that
its rotational axis is
tipped on its side.

Telescopes on Earth have revealed clouds and huge 
wind storms, proving that Uranus is more dynamic 
than it first looked in Voyager images. (64)

Some studies even suggest that moons of Uranus, 
like Titania, might have subsurface oceans. (65, 66)

While Voyager 1 rocketed away, Voyager 2
continued to Uranus and Neptune and
completed the original ‘Grand Tour’ of the
planets proposed in the 1960s (see page 3).
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In the summer of 1989, Voyager 2
made it to Neptune. (14)

Neptune’s largest moon, 
Triton, was the last solid 
object Voyager 2  visited
before heading to the 
Solar System’s edge.

Uranus and Neptune provide important
information about the different types
of planets that exist in the Universe.

Scientists now know that they are 
‘ice giants,’ a class of planet that 
might be the most common around 
stars other than our sun.

Many scientists have called
for new missions to these
mysterious giants.

But with no new missions 
planned, Uranus and 
Neptune are keeping 
their secrets for now.

Heidi Hammel 
(Association of Universities 
for Research in Astronomy)

67

“Uranus is a type of a
planet that we know very little

about. Thirty years ago we thought
Uranus and Neptune were just

smaller versions of Jupiter  
and Saturn.” (65)

“We’d like to study  
our local examples of  
this  common type of  

planet.” (65)
Mark Hofstadter
(NASA JPL)

“Well, that’s not what it’s  
like  right now. It’s in a completely 
different season. The atmosphere’s 
turning on. There’s dark clouds and 

there’s bright spots and there’s  
all kinds of activity on  

this planet.” (68)

“When Voyager flew  
by Uranus in 1986, it  
was dead. There were  

maybe 10 clouds.”
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Beyond the major planets, many 
hidden corners of the outer Solar 
System remained unexplored...

...but NASA’s New Horizons 
mission helped to change that.

In 2006, New Horizons launched 
toward small, distant Pluto, which 
is classified as a ‘dwarf planet.’

Before New Horizons, we 
knew little about Pluto 
and its five small moons.

Pluto does have an atmosphere 
that is escaping into space. (70)

69

Even the highest-resolution images from ground-
based and orbital telescopes see these tiny, 
distant objects as little more than points of light.

However, the atmospheric escape 
was slower than scientists had 
expected before the mission. (71)

There are many theories about 
Pluto’s structure and evolution.

Some scientists even think that liquid, 
subsurface oceans could exist on Pluto 
and similar objects. (72, 73, 74, 75)

28

With Voyager 2, all of the
major planets in the Solar
System had been visited.
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The surface of 
Sputnik Planitia is 

probably no more than 
10 million years old! 

(79)

The plains 
contain some ices 
that are nearly 
pure nitrogen.

There are also 
methane- and water-
rich areas on Pluto.

And reddish-
brown areas 

that might be 
tholins! (82)

Pluto is truly 
unlike anywhere 
else in the Solar 

System.

The surface 
variations are a 
real surprise.

New Horizons returned spectacular 
images of the Pluto system. These first-
ever closeups held many surprises. (76)

The composition of Pluto’s surface 
is frozen, but surprisingly complex.

Crater counts showed that Pluto 
has been geologically active for 
the past 4 billion years!

77
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A huge ice plain larger than Texas, 
informally dubbed Sputnik Planitia, 
has no craters. This means it is 
geologically young.

81

Alan Stern 
(SwRI)

Leslie Young
(SwRI)

Cathy Olkin 
(SwRI)

80
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Beautiful images from New Horizons 
showed that Pluto’s surface is covered 
with amazing geological features.

There were mountains, icy plains, 
glaciers, and possible dune fields... 
just to name a few. (76)

Even Pluto’s moons had 
things to teach us. (84) The brightness of Pluto’s small 

satellites was greater than more 
distant objects in the solar system 
called Kuiper Belt Objects (KBOs).

This difference supports the idea 
that Pluto’s largest moons are not 
objects captured from the Kuiper 
Belt by Pluto’s gravity.

Instead, they are likely 
remnants of a giant impact 
that shattered Pluto.

When the dwarf planet reformed from 
the debris, the leftovers became the 
satellites of the Pluto system.
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After Pluto, New Horizons 
turned to look at the Kuiper 
Belt, where the craft made 
observations of a number 
of KBOs.

The Kuiper Belt is thought 
to be a ring of material 
inhabited by ‘ice dwarfs.’ 
These planetary embryos 
never became planets, but 
they can teach us about 
how our solar system 
formed and evolved. (87)

Out beyond the Kuiper Belt is thought 
to be a mysterious region of dust and 
debris known as the Oort Cloud.*

Objects in the Solar System’s outer 
reaches are not just balls of rock and 
ice. They actually appear in a range 
of colors - red, blue and white.

The dark colors are caused by
radiation blasting their surfaces.

...which can occasionally 
come crashing into the 
inner Solar System and 
impact worlds like Earth.

In 2019, New Horizons reached 
the object 2014 MU69, another 
example of an early building 
block of the Solar System.

Pluto has shown us that 
some KBOs can be active.

For instance, white KBOs might 
have fresh material erupting from 
layers below the surface. (88)

This distant region may 
be a source of comets 
and other objects...

* Possibly 
10 to 10,000 
times as far!

31

New Horizons was scheduled for 
a 9.5 year primary mission, but is 
continuing to speed deeper into 
the Kuiper Belt to collect data. 
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As robotic explorers traversed the planets
of the outer Solar System, they also pointed
their cameras back toward home.

Voyager 1 was the first to photograph Earth as
a ‘pale blue dot,’ and showed astrobiologists
exactly what an inhabited planet looks like from
a distance of 6.4 billion kilometers. (89)

...and now they are about 
to do the same for our 
entire solar system.

The Voyagers gave us an out-
sider’s perspective of Earth...

More than three decades after launch, 
the Voyagers are still active. Voyager 
1 is now the farthest-traveled object 
ever created by humankind.

In 2013, NASA announced that Voyager 
1 had officially exited the Solar System 
and entered interstellar space. (91)

As they travel into the darkness 
beyond the influence of our sun... who 
knows what mysteries the Voyagers 
will uncover next!

Together, the Voyagers are providing information 
about how our solar system evolved into the only 
known system capable of supporting life. This 
information can help astrobiologists spot similar 
systems around distant stars.

“Look again at
that dot. That’s  

here. That’s home.  
That’s us.”

“On it everyone  
you love, everyone you  

know... ...every human being who
ever was... ...the history of our
species lived there-on a mote

of dust suspended in a
sunbeam.” (90)

Carl Sagan 
(1934-1996)
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Missions to the outer Solar System
have reshaped humankind’s knowledge
of our little corner of the Universe.

Moons of the giant planets 
are more active than anyone 
thought possible... 

As astrobiologists continue to complete 
our view of the Solar System, we can begin 
to build a picture of what makes a system 
habitable... and where other Earth-like 
worlds might exist in the Universe.

By studying the gas giants 
and smaller icy bodies, 
we now understand how 
interconnected the Solar 
System truly is.

After all, that’s
what astrobiology is
about—finding other
worlds that life
could call home.

And the further we travel 
from our own home... the 
more we realize just how 
precious the Earth truly is.

Next issue...
Astrobiology
and the Earth!

... and have raised questions 
about the potential for life 
beyond the traditional 
‘habitable zone’ near the 
warmth of the Sun.
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Astrobiology
A History of Exobiology and Astrobiology at NASA
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