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Issue #3 
Missions to the inner Solar System!

The year 2010 marked the 50th anniversary of NASA’s Exobiology Program, estab-
lished in 1960 and expanded into a broader Astrobiology Program in the 1990s. To 
commemorate the past half century of research, we are telling the story of how this 
!eld developed and how the search for life elsewhere became a key component 
of NASA’s science strategy for exploring space. This issue is the third in what we 
intend to be a series of graphic history books. Though not comprehensive, the 
series has been conceived to highlight key moments and key people in the !eld as 
it explains how Astrobiology came to be.

-Linda Billings, Editor



Astrobiology has focused on 
Mars* since the early years 
of space exploration. But 
Mars is by no means the only 
place in our solar system  
for astrobiology.

Issue 3—Missions to
the inner Solar System!

It all began in the  
����·V�ZLWK�WKH�ODXQFK� 
of Sputnik (see Issue 1).

With access to space,
scientists from around
the globe set their sights 
RQ�YLVLWLQJ�RWKHU�ZRUOGV�

7KH�ÀUVW�WDUJHW�ZDV�
of course, the Moon.

7KH�HDUO\�\HDUV�RI�OXQDU�H[SORUDWLRQ�VDZ�PDQ\
IDLOXUHV��EXW�WKH�VXFFHVVHV�VRRQ�IROORZHG�

/XQD��������³8665��ZDV�WKH�
ÀUVW�WR�UHDFK�WKH�0RRQ·V�VXU-
face, east of Mare Serenitatis.

Luna 3 (1959—USSR) gave us
RXU�ÀUVW�JOLPSVH�RI�WKH�IDU�
side of the Moon.

With access to the Moon a reality, 
astrobiologists prepared to test 
WKHLU�WKHRULHV�DERXW�OLIH·V�SRWHQWLDO�
in the Universe by visiting locations 
WKURXJKRXW�WKH�6RODU�6\VWHP�ZLWK�
robotic missions.

7KH�8665·V

�OXQDU�SURJUDP
KDG�PDQ\�¶ÀUVWV·��LQFOXGLQJ
WKH�ÀUVW�VSDFHFUDIW�WR�UHDFK
WKH�0RRQ·V�YLFLQLW\�

Luna 1 (1959)—USSR

([SORUHU��³ÀUVW�86
satellite (1959)

*see Issue 2:  
Missions to Mars!

**Union of Soviet Socialist Republics
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1$6$�VFUDPEOHG�WR�FDWFK�XS�ZLWK�WKH�8665�ZKLOH�
DVWURELRORJLVWV�DQ[LRXVO\�DZDLWHG�VFLHQFH�UHVXOWV�IURP�
every mission—regardless of its country of origin.

2I�FRXUVH��WKHUH�ZDV�QR�OLIH³QR�¶PDQ�LQ�WKH�
0RRQ�·�:KDW�ZH�IRXQG�ZDV�D�ZRUOG�RI�LPSDFW�
FUDWHUV��ÀQH�GXVW�DQG�JHRORJLFDO�IHDWXUHV�

5HPQDQWV�RI�DQFLHQW�ODYD�ÁRZV�KLQWHG�DW�
WKH�0RRQ·V�RULJLQV����RULJLQV�WKDW�FRXOG�
reveal information about the formation of 
(DUWK�DQG�WKH�SURFHVVHV�WKDW�DOORZHG�RXU�
SODQHW�WR�EHFRPH�KDELWDEOH��7KH�ÁXUU\� 
of Moon missions continued.

...a human sample return, 
a robotic sample return 
and automated rovers.

Soft Landers... ...Orbiters...

There are many links 
EHWZHHQ�WKH�(DUWK�
and the Moon that 
interest astrobi-
ologists. The Moon 
might affect the 
(DUWK·V�FOLPDWH
and habitability by 
LQÁXHQFLQJ�RFHDQ�
tides and stabilizing 
(DUWK·V�URWDWLRQDO�
axis. Even sampling 
efforts at the 
Moon could have 
implications for 
astrobiology.

Long ago, rocks from the ancient
Earth may have been kicked
WRZDUG�WKH�0RRQ�E\�LPSDFWV�

7KHVH�UHPQDQWV�RI�(DUWK·V�KLVWRU\�FRXOG
still be on the Moon—like pieces of
EXULHG�WUHDVXUH�ZDLWLQJ�WR�EH�IRXQG�

3LRQHHU�����������1$6$·V�ÀUVW�
mission on a lunar trajectory

Ranger 7 (1964—NASA)—
ÀUVW�FORVHXS�SKRWRV��5DQJHU�
�������²1$6$����ÀUVW
high quality images

Surveyor 1 (1966—NASA)

Luna 9 (1966—USSR)

Apollo 8 
(1968—NASA)

Luna 10 (1966—USSR)

Apollo 11 (1969—NASA)

Luna 16  
(1970—USSR)

Lunokhod 1  
(1970—USSR)



4

By studying lunar craters,
scientists may also learn
about the types of impacts 
that affected early Earth.

These missions have improved 
our understanding of the origin 
and evolution of the Moon...

...and they also laid the foundation 
for missions further from Earth.

Pioneer 5 (1960—NASA) 
GULIWHG�EHWZHHQ�WKH�RUELWV�
of Earth and Venus...

7KH�ÀUVW�YLVLW�WR�DQRWKHU�
SODQHW�FDPH�LQ������ZLWK�
Mariner 2 to Venus (NASA).

6FLHQWLVWV�ZHUH�DOUHDG\�VSHFXODWLQJ�
DERXW�WKH�SRVVLELOLW\�RI�OLIH�RQ�(DUWK·V�
shimmering sister planet.

���FRQGXFWLQJ�WKH�ÀUVW�VWXG\
of interplanetary space.

/XQDU�PLVVLRQV�KDYH�QRZ
been undertaken by many
countries—and the list
FRQWLQXHV�WR�JURZ�

Hiten (Muses A)
(1990—Japan)

Lunar Reconnaissance 
Orbiter (2009—NASA)

Lunar Atmosphere and
Dust Environment Explorer 
(LADEE) (Scheduled for 
2013—NASA)

Clementine (1994—NASA)

Acceleration, Reconnection, Tur-
bulence and Electrodynamics of 
WKH�0RRQ·V�,QWHUDFWLRQ�ZLWK�WKH�
Sun (ARTEMIS) (2010—NASA).

Kaguya (SELENE)
(2007—Japan)

Smart 1 (2003—European 
Space Agency (ESA)

&KDQJ·H��
(2007—CNSA)

&KDQJ·H��������³ 
Chinese National Space 
Administration (CNSA)

The Gravity Recovery And
Interior Laboratory
(GRAIL) (2011—NASA)

Lunar Crater Observation and Sensing 
Satellite (LCROSS) (2009—NASA)
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Venus is similar in size to Earth, and 
many scientists believed its thick 
atmosphere could harbor life. (1)

)ROORZLQJ�HDUO\�IDLOXUHV��WKH�
USSR accomplished some 
great feats in exploring  
the mysterious planet.

In 1965, the Venus 3
PLVVLRQ�EHFDPH�WKH�ÀUVW
to reach the surface of
9HQXV�ZLWK�DQ�LPSDFW��EXW
it failed to return data.

Venera 4 (1967) made it 
to Venus and released a 
descent capsule into the 
SODQHW·V�DWPRVSKHUH�

7KH�VXFFHVV�FRQWLQXHG�ZLWK�
Venera 5 and 6 (1969).

In 1970, Venera 7 made the 
ÀUVW�VRIW�ODQGLQJ�RQ�9HQXV�DQG�
returned 23 minutes of data.

Venera 7 revealed that
9HQXV�ZDV�KRVWLOH�WR�OLIH�

These missions
set the stage
for an incredible
set ofaccomplish-
PHQWV�WKDW�ZRXOG�
FKDQJH�RXU�YLHZ�RI
Venus forever.

Temperatures reached 475°C and 
SUHVVXUHV�ZHUH����WLPHV�JUHDWHU�
WKDQ�DW�WKH�(DUWK·V�VXUIDFH�����

+XPDQNLQG�KDG�LWV�ÀUVW�VLJQDO�IURP�
the surface of another planet.

Sputnik 19-21 (1962), 
9HQXV�Á\E\�DWWHPSWV�

Sputnik 7 (1961),  
Venus impact attempt.

Venera 1 (1961), Venus 
Á\E\³FRQWDFW�ORVW�

Venera 4 (1967)
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Mariner 5 (1967—NASA) revealed more 
about the harsh venutian environment...

... and Mariner 10 (1973—NASA) added 
WR�WKH�VWRU\�DV�LWSDVVHG�E\�RQ�LWV�ZD\�
to Mercury.

Extreme conditions on Venus made it 
ORRN�XQLQKDELWDEOH��EXW�VFLHQWLVWV�ZHUH�
still interested in in the dynamic planet.

At Venus, scientists could perform 
comparative planetology.

Studying phenomena like the greenhouse 
effect on Venus has helped us understand 
(DUWK·V�FOLPDWH�

Before missions to Venus, scientists could only 
OHDUQ�DERXW�(DUWK·V�FOLPDWH�E\�VWXG\LQJ�(DUWK�

9HQXV�SURYLGHG�XV�ZLWK�D�JOLPSVH�
RI�ZKDW�JOREDO�ZDUPLQJ�FRXOG�GR�
WR�RXU�RZQ�SODQHW�

The Soviets
forged ahead.

The Venera 8 (1972) probe made 
it to the surface and returned 50 
minutes and 11 seconds of data.

(3)
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The USSR achieved 
WZR�PDMRU�PLOHVWRQHV�
at Venus in 1975.

A lander separated
from the orbiter...

The lander survived 
the treacherous 
descent...

...from the surface
of another planet.

...and Venera 9  
EHFDPH�WKH�ÀUVW�WR
return an image...

Humankind glimpsed a planet other than 
(DUWK�IURP�WKH�JURXQG�OHYHO³YLHZLQJ�
RXU�ÀUVW�¶DOLHQ·�KRUL]RQ�

Venera 10 also returned photographs that visually 
FRQÀUPHG�9HQXV�DV�D�VFRUFKHG�DQG�EDUUHQ�ODQG�

Shortly thereafter, the Venera 10 lander 
separated from its orbiter and landed 2200 
NLORPHWHUV��NP��DZD\�IURP�9HQHUD���

���DQG�PDGH�LWV�ZD\�
to the surface.

9HQHUD���ZDV�WKH�ÀUVW�VSDFHFUDIW
to orbit around Venus.

Venera 9 & 10
images (4)
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Venera 11 and 12 (1978—USSR) performed
Á\E\V�RI�9HQXV�DV�WKH\�VWXGLHG�WKLQJV�OLNH
JDPPD�UD\�EXUVWV�DQG�WKH�VRODU�ZLQG� They also delivered landers that 

ÁHVKHG�RXW�YLHZV�RI�9HQXV�

Surprisingly, the landers detected lighting, thunder and 
FDUERQ�PRQR[LGH�DW�ORZ�DOWLWXGHV�LQ�WKH�DWPRVSKHUH�

NASA returned to Venus
LQ������ZLWK�WKH�3LRQHHU� 
9HQXV�PLVVLRQ��ZKLFK�GURSSHG�
probes to the planet and 
mapped the surface.

$QRWKHU�´ÀUVWµ�
FDPH�LQ������ZKHQ�
Venera 13 and 14 
(USSR) touched 
GRZQ�RQ�9HQXV�
and conducted the 
ÀUVW�VRLO�DQDO\VLV�
on a planet other 
than Earth. The 
landers quickly 
sent data backmto 
Earth before they 
melted under the 
extreme venutian 
heat.

Venera 15 and 16 (1983—USSR) 
IROORZHG��FDSWXULQJ�WKHUPDO�PDSV�
of the northern hemisphere and 
high resolution images of the 
polar regions. Venera 15 and 16 
mapped an area of 115 million km2 
DW�D�UHVROXWLRQ�RI�RQH�WR�WZR�NP�
by the end of their main missions 
in 1984. (5)

In 1984, the USSR led the Vega 1 and 2 missions—an 
effort that included many European partners.

7KH\�GURSSHG�SUREHV�WRZDUG�WKH�SODQHW�
as they passed by en route to their true 
target... but more on that in later pages.

Venera 15 & 16 

Vega 1 & 2

(6)
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Although NASA had great success at 
Mars.* Venus proved more elusive.

,W�ZDVQ·W�XQWLO������WKDW�1$6$�DWWHPSWHG�D� 
UHWXUQ�WR�9HQXV��ZKHQ�WKH�0DJHOODQ�VSDFHFUDIW�
ZDV�GHSOR\HG�IURP�WKH�VSDFH�VKXWWOH�$WODQWLV�

$V�RXU�YLHZ�EHFDPH�FOHDUHU��VFLHQWLVWV
came to a general consensus that life
could not survive in the blistering
conditions Venus had to offer.

In the 1990s activity at Venus fell 
quiet as space agencies turned their
attention to other targets of astro-
biological interest—such as Mars.

...but none stayed for 
an extended visit.

Many missions captured photos or
data as they passed by Venus on
WKH�ZD\�WR�RWKHU�GHVWLQDWLRQV���

´9HQXV�VXIIHUV�IURP�D�UXQDZD\
greenhouse at a temperature of
hundreds of degrees, far too hot  

IRU�DQ\�OLIH�WR�VXUYLYH�µ����

*See Issue 2

Carl Sagan

MESSENGER (2004)

Cassini (1997)

Galileo (1989)

(8)



10

,W�ZDVQ·W�XQWLO������WKDW�9HQXV�UHFHLYHG�
another dedicated mission.

Venus Express entered orbit in 2006,

7KH�PLVVLRQ�KDV�EHHQ�SURYLGLQJ�QHZ�
and fascinating information about the 
HQLJPDWLF�ZRUOG�HYHU�VLQFH�

... and may get a second pass
at Venus in the future. (10)

Although it is still considered an unlikely 
habitat for life, Venus is providing invaluable 
information for astrobiologists, planetary
scientists and climatologists.

$V�WKH�(DUWK·V�JOREDO�WHPSHUDWXUHV�
FRQWLQXH�WR�ULVH��VFLHQWLVWV�ZLOO�NHHS�
their eyes trained on our celestial 
¶WZLQ·�DQG�WU\�WR�GHWHUPLQH�KRZ�ZH�
can prevent Earth from turning into 
D�VLPLODU��IXUQDFH�OLNH�ZRUOG�

(6$·V�9HQXV�([SUHVV�ZDV�EDVHG�RQ
the hugely-successful Mars Express.

The Japanese space agency (JAXA) attempted 
WR�MRLQ�(XURSH�DW�9HQXV�ZLWK�WKH�ODXFK�RI�WKH�
Venus climate orbiter, AKATSUKI.

In 2010, AKATSUKI failed to enter orbit around 
9HQXV��7KH�FUDIW�LV�QRZ�GULIWLQJ�DURXQG�WKH�6XQ���

(9)

(11)
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1$6$·V�PRVW�UHFHQW�YLVLWRU�WR�9HQXV�
ZDV�WKH�0(66(1*(5�VSDFHFUDIW��ZKLFK�
PDGH�WZR�VHSDUDWH�Á\E\V�RI�WKH�SODQHW�

0(66(1*(5·V�ÀQDO�WDUJHW��KRZHYHU�
ZDV�WKH�QH[W�SODQHW�RQ�RXU�URDG
WRZDUG�WKH�6XQ³ÀHU\�OLWWOH�0HUFXU\�

On the other side of the planet,
KRZHYHU��WHPSHUDWXUHV�GURS�
dramatically to -173ºC (-278ºF)!

From Earth, the tiny
planet appears as little
more than a speck of dust 
against the Sun. Mercury 
is only about 15,329 km 
in diameter (compared to 
(DUWK·V��������NP���DQG�LV�
so close to our solar sys-
WHP·V�EXEEOLQJ�DQG�ERLOLQJ�
sun that temperatures can 
reachup to 427ºC (801ºF)  
on its sun-facing side. (12)

)HZ�PLVVLRQV�KDYH�EUDYHG�WKH�GDQJHURXV
MRXUQH\�WR�0HUFXU\��ZKHUH�WKH�SUR[LPLW\�WR
the Sun means they are cooked by heat...

...and battered by
LQWHQVH�VRODU�ZLQG�

To date, only Mariner 10*
(1973) and MESSENGER
have made the journey. *see page 6
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MESSENGER began a yearlong
science orbit of Mercury in March 
of 2011 and has provided amazing
YLHZV�RI�WKH�WLQ\�SODQHW�

Comparing Mercury to 
Earth can also help us
GHWHUPLQH�ZK\�RXU�
planet is so special in 
its ability to support
OLIH�DV�ZH�NQRZ�LW�

3ODQV�DUH�QRZ�XQGHUZD\�IRU�%HSL&RORPER��D�
European/Japanese mission launching in 2014.

0HUFXU\��WKH�ZRUOG�REVFXUHG�IURP�YLHZ�E\�WKH�JODUH�RI�WKH�
6XQ��ZLOO�FRQWLQXH�WR�UHYHDO�LWV�VHFUHWV�LQ�WKH�\HDUV�WR�FRPH�

The inner Solar System includes everything from Mercury 
WR�WKH�DVWHURLG�EHOW�EHWZHHQ�0DUV�DQG�-XSLWHU��+XPDQNLQG�
has sent robotic explorers to all of the inner-solar-system 
planets plus the moons of Earth and Mars.

But planets and moons are not the only things in this region 
of space that capture the attention of astrobiologists.

Mercury may look similar to
WKH�0RRQ��ZLWK�LWV�EDUUHQ
and crater-scarred surface,
but it has different lessons
to teach astrobiologists.

0HUFXU\�LV�WKH�6RODU�6\VWHP·V�VPDOOHVW�WHUUHVWULDO�SODQHW��6WXG\LQJ�KRZ�LW�IRUPHG�DQG�HYROYHG�FDQ�
teach astrobiologists about the many different types of rocky planets that can exist around stars.
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Asteroids and comets also move 
through the inner Solar System. 
Occasionally, they come close 
HQRXJK�WR�(DUWK�WR�YLVLW�ZLWK�
dedicated spacecraft.

,Q�WKH�PLG���·V��DV�LW�MRXUQH\HG�DURXQG�WKH�
6XQ��WKH�PDMHVWLF�+DOOH\·V�FRPHW�PDGH�D�
rare visit to the inner Solar System.

6SDFH�DJHQFLHV�DURXQG�WKH�ZRUOG
ODXQFKHG�D�ÁRWLOOD�RI�VSDFHFUDIW�WR
REVHUYH�+DOOH\·V�FRPHW�FORVH�XS�

After Earth formed, comets and asteroids may
have also delivered molecules and material that
ZHUH�HVVHQWLDO�IRU�WKH�RULJLQV�RI�OLIH�RQ�RXU�SODQHW�

Studying comets and asteroids up 
FORVH�SURYLGHV�DVWURELRORJLVWV�ZLWK�
FOXHV�DERXW�KRZ�WKH�6RODU�6\VWHP�
formed and evolved...

���DQG�KRZ�OLIH�RQ�RXU�SODQHW�EHJDQ�

���KRZ�(DUWK�GHYHORSHG
LQWR�D�KDELWDEOH�ZRUOG���

These objects are like small samples from the early Solar System. Scientists are interested 
LQ�VWXG\LQJ�WKHP�EHFDXVH�WKH\�SURYLGH�D�UHFRUG�RI�FRQGLWLRQV�GXULQJ�D�WLPH�ZKHQ�SODQHWV�
ZHUH�VWLOO�IRUPLQJ�IURP�WKH�URFN�DQG�GXVW�WKDW�VSXQ�DURXQG�RXU�LQIDQW�VXQ�

Comets and asteroids are remnant 
chunks of material left over from 
the formation of the Solar System.

(13)
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7KH�+DOOH\·V�FRPHW�HQFRXQWHU�RI������LQFOXGHG�VSDFHFUDIW�
from the USSR, Japan and Western Europe.

After delivering their
probes to Venus*, the
Soviet-led Vega 1 and
2 spacecraft sped to
FDWFK�+DOOH\·V�FRPHW�

Japan and Europe also joined 
in. Giotto (1985—ESA) encoun-
tered Halley in 1986 and then 
WUDYHOHG�RQZDUG�WR�WKH�&RPHW�
P/Grigg-Skjellerup in 1992.

NASA helped by using existing 
VSDFHFUDIW�WKDW�ZHUH�DOUHDG\�LQ�
space. Instruments from missions 
like Pioneer 7, Pioneer Venus 1 
DQG�,&(�ZHUH�UH�GLUHFWHG�WR�
observe Halley. All together, 
the spacecraft became popularly 
NQRZQ�DV�WKH�¶+DOOH\�$UPDGD�µ

The data gathered from 
+DOOH\·V�FRPHW�SURYHG�WKDW�
VPDOO�ERGLHV�ZHUH�PRUH�WKDQ
MXVW�URFNV�RU�VQRZEDOOV�

Suisei (Japan)

Vega 1 and Vega
2 (USSR)

Pioneer Venus 1
(USA)

Giotto (ESA)

Sakagaki (1985),
-DSDQ·V�ÀUVW�LQWHU-
planetary probe.

Pioneer 7 (USA)

*see page 8

International
Cometary
Explorer (ICE)

Vega probes at Venus.

(15)

(14)
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2I�WKH�PDQ\�´SRVWFDUGVµ�WKDW�1$6$·V�*DOLOHR�
mission sent back to Earth during its long 
journey to the outer Solar System (more on 
WKDW�ODWHU��ZHUH�VQDSVKRWV�RI�9HQXV���

7KHVH�ZHUH�WKH�ÀUVW
asteroids to be visited up 
close by a robotic mission.

...and 951 Gaspra
(in 1991)...

Impact events have shaped
the history of life on Earth.

They may have been responsible for some of 
WKH�SODQHW·V�ODUJHVW�PDVV�H[WLQFWLRQ�HYHQWV��
Scientists realized that objects from space 
FRXOG�SRVH�D�WKUHDW�WR�RXU�RZQ�IXWXUH�

In 1994 humankind also got a reminder of 
the dangers that asteroids and comets could 
EULQJ�ZKHQ�$VWHURLG�;0��SDVVHG�ZLWKLQ�
65,000 miles of our planet. (18)

Tracking potentially dangerous
near-Earth objects (NEOs) also 
PHDQW�WKDW�ZH�FRXOG�LGHQWLI\�
WKH�HDVLHVW�RQHV�WR�YLVLW�ZLWK�
robotic missions.

In 1996, NASA launched the 
Near Earth Asteroid Rendezvous 
(NEAR) mission.

The spacecraft passed the aster-
oid Mathilde (1997) en route to a
UHQGH]YRXV�ZLWK�����(URV�

...and the asteroids
243 Ida (in 1993)...

(16)

(17)
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1($5�ÁHZ�ZLWKLQ������PLOHV�RI�����(URV�LQ�
�����DQG�SKRWRJUDSKHG�WZR�WKLUGV�RI�LWV�VXU-
IDFH��2Q�LWV�ÀUVW�YLVLW�WR�WKH�DVWHURLG��1($5�
IDLOHG�WR�HQWHU�RUELW��EXW�LW�ZDV�VXFFHVVIXO�RQ�
a second attempt in 2000.

Missions to asteroids and comets 
KDYH�DOVR�KHOSHG�VFLHQWLVWV�WHVW�QHZ�
WHFKQRORJLHV�WKDW�FDQ�SDYH�WKH�ZD\�IRU�
larger missions. Deep Space 1 (1998) 
used an ion engine to leave Earth and 
UHQGH]YRXV�ZLWK�WKH�$VWHURLG�%UDLOOH�

$IWHU�Á\LQJ�ZLWKLQ����PLOHV�RI�WKH�DVWHURLG��WKH
PLVVLRQ�ZDV�H[WHQGHG�DQG�'HHS�6SDFH���ZDV�DEOH�WR
PDNH�D�VSHFWDFXODU�Á\E\�RI�WKH�FRPHW���3�%RUUHOO\�

,Q�������ZKLOH�'HHS�
6SDFH���ZDV�PDNLQJ�
its observations, 
NASA launched the 
Stardust mission.

6WDUGXVW�ZDV�1$6$·V�
ÀUVW�PLVVLRQ�WR�UHWXUQ�
comet samples. (20) After a passing visit to the 

asteroid Annefrank, Stardust 
arrived at its primary target, 
comet Wild 2, in 2004.

,Q�IDFW��LW�ZDV�WKH�ÀUVW
sample return from space 
since Apollo.

After orbiting the asteroid, NEAR made a soft 
impact onto 433 Eros in 2001—and managed to 
VHQG�EDFN�GDWD�IROORZLQJ�LWV�ODQGLQJ������

Like comets, asteroids proved to have unique 
compositions—and could have carried many 
materials for life to the early Earth.
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7KH�ÀUVW�SLFWXUHV�WKDW�6WDUGXVW
UHWXUQHG�ZHUH�VWXQQLQJ�

Wild 2 had a much more dynamic
surface than expected...

What Stardust did not
VHH�ZHUH�LPSDFW�FUDWHUV
on the surface of Wild 2.

Stardust opened its Aerogel Collector
Grid and began catching samples of
comet and interstellar dust.

Tiny particles impacted
WKH�FROOHFWRU�DQG�ZHUH�
embedded in the Aerogel
material. Stardust then 
WXUQHG�EDFN�WRZDUG�(DUWK�

���ZLWK�IHDWXUHV�OLNH�RYHUKDQJLQJ�
FOLIIV��ÁDW�WRSSHG�KLOOV��DQG�MHWV�
of gas escaping into space.

´:KDW�ZH�VDZ��HYHQ�LQ
WKH�YHU\�ÀUVW�SLFWXUH
VHQW�EDFN��ZDV�TXLWH

GUDPDWLF�µ�����

“The lack of impact
craters indicates

WKH�VXUIDFH�LV�QHZ��WKH
old cratered surface is

JRQH�µ�����

(21)
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When Stardust returned
home, its precious cargo of
cometary and interstellar
samples parachuted safely
to a nightime landing in a
PXGG\�ÀHOG�LQ�8WDK�

Stardust yielded a plethora of amazing discoveries 
WKDW�KDYH�KHOSHG�WR�UHÀQH�RXU�NQRZOHGJH�RI�KRZ�
the Solar System formed and evolved.

With the discovery
glycine in the samples...

���6WDUGXVW�DOVR�VKRZHG�WKDW�FRPHWV�
could have delivered at least one 
amino acid to the early Earth.

6DPSOHV�ZHUH�VHQW�WR
more than 200 scientists
DURXQG�WKH�ZRUOG�

“These comet
sample studies have provided

a direct look at the nature and
origin of the building blocks of

SODQHWV��PDWHULDOV�WKDW�ZHUH�VSUD\HG
all over the young Solar System and

must have been incorporated
into all planets and

PRRQV�µ�����

“Because most stars
have comets it suggests that
all Earth-like planets obtain

important pre-biotic molecules
IURP�VSDFH�µ�����
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In 2002 NASA suffered 
D�VHWEDFN�ZLWK�WKH
Comet Nucleus Tour 
(CONTOUR) spacecraft.

CONTOUR launched into orbit, 
EXW�ZDV�QHYHU�KHDUG�IURP�DJDLQ�

As the impactor approached
Tempel 1, onboard cameras
captured images of the
comet nucleus.

'HHS�,PSDFW�ZDV�FRPSRVHG�
RI�WZR�VSDFHFUDIW��RQH�RI�
ZKLFK�ZDV�DQ�¶LPSDFWRU·�
URXJKO\�WKH�VL]H�RI�D�ZDVK-
ing machine, made of 49% 
FRSSHU��DQG�ZHLJKLQJ�����
pounds. (23)

On the 4th of July,
������WKH�WZR�VSDFH-
craft separated.

1$6$�KDG�VXFFHVV�ZLWK�WKH�ODXQFK�RI�'HHS�
,PSDFW�LQ�������'HHS�,PSDFW�ZDV�XQLTXH�LQ�WKDW�
LW�ZDV�WKH�ÀUVW�H[SHULPHQW�WR�SUREH�EHQHDWK�WKH�
surface of a comet. (23)

´,·P�WU\LQJ�WR
solve the mystery of

ZKDW�FRQGLWLRQV�ZHUH�OLNH
in the early Solar System,

KRZ�WKLQJV�JRW
PDGH���µ

“...My tools are comets
DQG�DVWHURLGV�µ�����

Principal Investigator,
0LFKDHO�)��$·+HDUQ

(25)
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7ZHQW\�IRXU�KRXUV�DIWHU�VHSDUDWLRQ�
travelling at 23,000 miles per hour, the 
impactor slammed into comet Tempel 1.

)URP�����PLOHV�DZD\��'HHS�,PSDFW·V�
VHFRQG�¶Á\E\·�VSDFHFUDIW�REVHUYHG
the collision and studied the ejected
material that blasted from the crater.

'HHS�,PSDFW�\LHOGHG�WKH�ÀUVW�GHÀQLWLYH� 
HYLGHQFH�RI�ZDWHU�LFH�RQ�D�FRPHW·V�VXUIDFH�

The mission increased our under-standing of  
comets, from their compositions to their 
geological properties.

The story of Tempel
��ZDVQ·W�RYHU�

After Stardust returned its 
samples of Wild 2, the spacecraft 
FUXLVHG�SDVW�WKH�(DUWK�DQG�ZDV�
UHGLUHFWHG�WRZDUG�7HPSHO���

In a stunning extended mission (dubbed
¶6WDUGXVW�1([7·��WKH�VSDFHFUDIW�VKRZHG
VFLHQWLVWV�KRZ�WKH�'HHS�,PSDFW�H[SHULPHQW
KDG�DOWHUHG�WKH�FRPHW·V�VXUIDFH������

7KH�FROOLVLRQ�SURYLGHG�FOXHV�DERXW�KRZ�ZH�
PLJKW�EH�DEOH�WR�¶GHÁHFW·�GDQJHURXV��(DUWK�
bound comets and asteroids in the future.

6WDUGXVW�WKHQ�SHUIRUPHG�D�ÀQDO�
engine burn in 2011. (28)

���ZHUH�À[HG�XSRQ�7HPSHO
1 in an unprecedented
coordination campaign.

In addition, more than 
60 telescopes on Earth...

...and in space...

Submillimeter Wave
Astronomy Satellite.

Hubble Space
Telescope.

(26)

(27)
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Deep Impact also continued 
WR�SURYLGH�VFLHQWLÀF�GDWD�
ZHOO�EH\RQG�LWV�SULPDU\�
mission timeline.

EPOXI is using the Deep 
Impact cameras to hunt for 
extrasolar planets, but the 
FUDIW�KDV�DOVR�WDNHQ�VFLHQWLÀF�
observations of Mars, Earth...

After successfully observing 
WKH�FROOLVLRQ�ZLWK�FRPHW�7HPSHO�
���'HHS�,PSDFW�ZDV�¶UHERUQ·�DV�
the EPOXI mission.

���DQG�WKH�¶K\SHUDFWLYH·��ERQHVKDSHG�
comet Hartley 2.

With the early success of missions like Giotto, 
Europe continued to develop dedicated mis-
sions to these unique celestial bodies.

(6$·V�5RVHWWD�PLVVLRQ�
launched in 2004.

En route, Rosetta has practiced its 
science observations by performing 
Á\E\V�RI�WZR�DVWHURLGV�LQ�WKH�0DLQ�
Asteroid Belt, Steins and Lutetia.

Rosetta even used one of its cameras 
to solve a mystery surrounding the 
object P/2010 A2. Scientists once 
WKRXJKW�WKLV�REMHFW�ZDV�D�FRPHW«Rosetta has one of the most complicated 

trajectories of any mission to date, and 
includes three gravity assists from Earth 
and one from Mars. (32)

5RVHWWD�ZLOO�HQWHU�LQWR�RUELW�DURXQG�WKH�FRPHW�
67P/ Churyumov-Gerasimenko in 2014.

«EXW�YLHZLQJ�IURP�LWV�XQLTXH�YDQWDJH�
SRLQW��5RVHWWD�LGHQWLÀHG�WKH�REMHFW�DV�WKH�
debris from a pair of colliding asteroids.

(30)

(31)

(33)

(29)
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When Rosetta arrives at 67P/
Churyumov-Gerasimenko, the
VSDFHFUDIW�ZLOO�PDS�WKH�VXUIDFH�
of the comet from orbit.

5RVHWWD�ZLOO�DOVR�GHOLYHU�WKH�
3KLODH�ODQGHU��3KLODH�ZLOO�DWWHPSW�
WR�PDNH�WKH�ÀUVW�HYHU�FRQWUROOHG�
landing on a comet.

1$6$·V�'DZQ�PLVVLRQ
launched in 2007.

Ceres and Vesta are big asteroids—so large 
WKDW�WKH\�DUH�FRQVLGHUHG�¶SURWRSODQHWV�·

In the early days of the Solar Sys-
WHP��WKHVH�DVWHURLGV�ZHUH�EXLOGLQJ�
themselves from the same material 
as planets like Mars and Earth.

7KH�SULPDU\�JRDO�RI�'DZQ�LV�WR�RUELW
Vesta, an asteroid in the Main Asteroid 
Belt, before travelling to a second, Ceres.

+RZHYHU��WKH\�GLGQ·W�JHW�
quite big enough to become 
IXOO�ÁHGJHG�SODQHWV�

6WXG\LQJ�WKHVH�ODUJH�DVWHURLGV�ZLOO�KHOS
DVWURELRORJLVWV�XQGHUVWDQG�KRZ�URFN\
planets like Earth came into existence.
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,Q�$XJXVW�RI�������'DZQ
EHFDPH�WKH�ÀUVW�VSDFHFUDIW�
to orbit an object in the 
main asteroid belt (Vesta). 
Already, the mission has 
returned suprising images 
RI�9HVWD·V�EL]DUUH�VXUIDFH�
features.

'DZQ�ZLOO�FRQWLQXH�WR�REVHUYH�9HVWD�XQWLO�
-XO\�RI�������ZKHQ�LW�ZLOO�EUHDN�RUELW�DQG�
MRXUQH\�RQZDUG��$VWURELRORJLVWV�ZLOO�WKHQ�
EH�DQ[LRXV�WR�VHH�ZKDW�WKH�VSDFHFUDIW�
reveals about Ceres in the years ahead.

Studying numerous comets and asteroids has 
helped astrobiologists understand the incred-
ible diversity of these small celestial bodies.

Next up for NASA is the Osiris-Rex* mission 
scheduled for launch in 2016.

7KLV�ZLOO�EH�1$6$·V�ÀUVW�
attempt to collect and return 
samples from an asteroid.

1999 RQ36 is of 
interest to scientists 
because it could be 
headed for Earth in 
the year 2182!

2VLULV�5H[�ZLOO�Á\�WR�WKH�DVWHURLG������
RQ36 and map its surface from orbit.

After moving close to the asteroid, 
D�URERWLF�DUP�ZLOO�VFRRS�XS�VDPSOHV�
in a death-defying maneuver.

The samples brought back to Earth 
IURP������54���ZLOO�DOVR�KHOS�XV�
determine the role of asteroids in 
OLIH·V�RULJLQV�RQ�RXU�SODQHW������

(34)

(35)

*Origins-Spectral Interpretation Resource 
,GHQWLÀFDWLRQ�6HFXULW\�5HJROLWK�([SORUHU�
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(DUWK�LV�WKH�RQO\�SODQHW�NQRZQ�WR�VXSSRUW�
life—but questions still remain about 
ZKHWKHU�RU�QRW�URFN\�SODQHWV�OLNH�0DUV�
could have been habitable in the past.

7KH�VPDOOHU�ERGLHV³GZDUI�
planets, asteroids, and 
comets—have shed light on 
the early Solar System, the 
formation of the planets, 
and the molecules that 
FRXOG�KDYH�VHHGHG�OLIH·V�
origins on the early Earth.

Gathering data on the rocky 
SODQHWV�KDV�DOORZHG�DVWUR-
biologists to compare their 
environments to Earth, 
SURYLGLQJ�FOXHV�DERXW�ZKDW�
makes our planet capable of 
supporting life.

Beyond the Main Asteroid Belt lie 
planets that are vastly different 
from the rocky bodies that orbit 
closer to the Sun. The outer Solar 
System is a realm of gas giants and 
frozen balls of ice and rock.

3LRQHHU�����ODXQFKHG�LQ�������ZDV
WKH�WKH�ÀUVW�VSDFHFUDIW�WR�SXQFK
through the asteroid belt, and
ushered in the exploration of our
VRODU�V\VWHP·V�IXUWKHVW�DQG
darkest corners...

Next issue...
Missions to the Outer
Solar System!
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Astrobiology
A History of Exobiology and Astrobiology at NASA
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