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medoy there could be
a human outpost on Mars.

While robotic spacecraft have give
wonderful views, no humans have ever triei
journey to Mars, and no such missions will.
attempted for many years.

NASA is working hard now to discover wheiﬂer
there is life on Mars.

» [Planned Mars 2020]
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arth is the only place that we kno
certain supports life.

Many claims have been made
observers who thought they saw evidice
of life on Mars, but we now know they
were tricked by the very difficult
measurements. )

i
From Earth, even with our most po
telescopes, we just cannot see el
etail on Mars to answer this quest
ed a close-up look at the planjf

he United States and other countries ha
sending spacecraft to orbit or land there
the 1960s, and each mission teaches us
about this fascinating planet.

* We have learned that even though Mars is‘more
similar to Earth than anywhere else in the solar
system, and therefore is a good place to look for.
life, it is still different from Earth in many V{?ys. ‘

A compass poims-tQ the north pole o
because our whole planet acts like
magnet, but Mars does not act this way.




esides llrning a compass needl%,.'_
magnetic field turns away dangerous partic
space radiation. Without a magnetic field on
and with much, much less air than on Earth,
harmful space radiation reaches its surface.

.

Although some measurements tell us there
probably is water on Mars, there is far less than on
Earth.

And it is so cold there that most of the
probably not liqui bu@ther is ice.

Overall, Mars would be a pretty '&nc
lace to try to live!

The spacecraft had cameras that retur
thousands of images of the surface, showi
the changing seasons and details of the r
and dirt near the stationary landers.

* While not officially part of the life experiments,

the cameras did show us that there werqﬂ

any large creatures wandering around! Future

landers will probe underneath the surfa
i

try to find out ifQ S anytaing livin
© -

ground.

ven if there were no life on Mars, it wo
exciting to know whether there used to b
there.

* So in addition to looking for living ba .
NASA will be searching for tiny fossils that
might indicate life got a start early in Mars'
history but, unlike on our home planet, it.did
not survive and evolve into larger life forms.

Many of the studies 'Mars will involve

like the ones t Wﬁ‘ﬁ bef
getting more advanced with each flig|
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76, NASA landed robotic spacecraft narAn
Viking 2 on Mars.

ne of these landers worked there for nearly 4 yea
the other lasted more than 6 years. Think of spendin
much of your life studying another world!

+ Among their scientific experiments were the only ones si
far specifically designed to discover whether there was!
something tiny (like bacteria) living in the soil. Most
scientists agree that the results do not reveal any signs o}

=

ut where is the best place to look for life?
Although Mars is smaller than Earth, it is still
very big place, so where should scientists
landers to give them the best chance of fin
evidence of life?

« All life on Earth depends upon water, so spacec
orbit and the next few landers will search for
signs of water to help guide later missions to
promising locations. \

meday a spacecraft may pick up s
rom Mars and bring them back to Earth
they can be studied in our best laboratories.

Eventually, humans may make the d
journey, but many important problems ha
be solved before trying such an expensive,
difficult, and exciting voyage. .

’*’%«»&q | |

. -




termine if Life Ever Arose On |

» During the next two decades, NA
will conduct several missions
address whether life ever arose on
Mars. The search begins with
determining whether the Martian
environment was ever suitable for

life.
Ire ~4 g

ata from"Mars Global Surveyor sugge
liquid water may exist just below the surf:
rare places on the planet, and the 2001
Odyssey has mapped subsurface w
reservoirs on a global scale.

* We know that water ice is present at the Martian
poles, and these areas will be good place§ to
search for evidence of life as well.

In addition to% water, life also"
energy. e ’

v

Lcy)klng for Life Slgns

NASA will also look for life on Mars
searching for telltale markers,
biosignatures, of current and past life.

The element carbon, for instance, is
fundamental building block of life.

Knowing where carbon is present an
what form would tell us a lot about wher
might have devM

e o
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onditions Needed for Life to Thrive

On Earth, all forms of life need water to surv
It is likely, though not certain, that if life e
evolved on Mars, it did so in the presence
long-standing supply of water.

*  On Mars, we will therefore search for evidence
of life in areas where liquid water was once
stable, and below the surface where it |';‘ti||
might exist today.

Perhaps there might also be some curren
spots" on Mars \ po
those at Yellowstone) provide places f

erefore, future missions will also be
ookout for energy sources other than su
since life on the surface of Mars is unli
given the presence of "superoxides" that br
down organic (carbon-based) molecule
which life is based.

Here on Earth, we find life in many places where
sunlight never reaches--at dark ocean depths,
inside rocks, and deep below the surface.

Chemical and g%al energy, for ex
are also energy s Mﬂxfe f

Earth. Perhaps tiny, subsurface micr
arsi:ould use such energy source

e know’that most of the current
tmosphere consists of carbon dioxide.

If carbonate minerals were formed on the Mar
surface by chemical reactions between wat
the atmosphere, the presence of these minerals
would be a clue that water had been present for a
long time--perhaps long enough for life to have
developed. 3

On Earth, fossils in dimentary rock |
record of past life. W&s of t
record on Earth, we know
nvironments and types of deposits pr
ces for fossil preservation.
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Mars, searches are already underway t
akes or streams that may have left behind s
deposits.

So far, however, the kinds of bio-signatures
know how to identify are those found on Eart
It's possible that life on another planet mig

very different.

* The challenge is to be able to differentiate life
from nonlife no matter where one finds it, no
matter what its varymg chemistry, structurg\and»
other characteristics ht be.
Life detection techno er devel
will help us define Ilfe n non arth centri
o that we are able to detect it in all the
ight take.

The Mars Exploration Program

ince our first close-up picture of Mars in
spacecraft voyages to the Red Planet h
revealed a world strangely familiar, yet differ
enough to challenge our perceptions of
makes a planet work.

Every time we feel close to understanding Mars,
new discoveries send us straight back to the
drawing board to revise existing theories. 4
You'd think Mars wouw be easier to unde
Like Earth, Mars’ﬂa&wlgrwps and
in its atmosphere, seasonal weather
olcanoes, canyons and other re:

he Defining Question for Mars Explora
Life on Mars?

Among our discoveries about Mars,

stands out above all others: the p035|

presence of liquid water on Mars, eith

its ancient past or preserved in ‘the

subsurface today.

Water is key because almost everywhere
we find water on Earth, we find life. If
Mars once had liquid water, or still
today, it's com'ﬁd'h;g,tgw
microscopic life forms
eveloped on its surface.
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ever, conditions on Mars vary wil
hat we know on our own planet.

Over the past three decades, spacecraft
shown us that Mars is rocky, cold, and |
beneath its hazy, pink sky.

We've discovered that today's Ma%ian
wasteland hints at a formerly volatile world
where volcanoes once raged, meteors plowed
deep craters, and flash floods rushed over the
land.

+ And Mars continu to throw out
enticements with eac Ignﬁing or orbit
made by our spacecraft. 1

there any evidence of life in
Ianetspast’>

If so, could any of these tiny livin
creatures still exist today? Imagine ho
exciting it would be to answer, "Yes!!"

Even if Mars is devoid of past or
present life, however, there's still much
excitement on the horizon. .

We ourselves might become the "life
Mars" should Qum‘ns choose to tré
there one day. Meanwhile, we still
a ot to learn about this amazing p
d its extreme environments.
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Dur Exploration Strategy: Seek Signs of L

o discover the possibilities for pas
present life on Mars, NASA's Mars Explorati
Program is currently following an exploratio
strategy known as "Seek Signs of Life.*

» This science theme marks a transition in Mars
exploration. It reflects a long-term process of
— discovery on the red planet, built on

SEEw e e Lt strategies to understand Mars' potential as a

PRERARE FOR HIMAN DELORXTION habitat for past or present microbial life.

Mars Global Surveyor- MGS Mars Path Finder-MPF
Mars Odyssey-ODY Mars Express-MEX
Mars Reconnaissance Orbiter -MRO Mars Science Laboratol
AVEN (Curiosity)
oMars Trace Gas Orbitor

Did Mars provide similar environmental con
for life long ago?
If microbes were present on Mars in the plan
ancient past, could it exist in special regions today?

Searching for this answer means delve/(loo
into the planet's geologic and climate history to:
out how, when and why Mars underwent dramal
changes to become the forbidding, yet promlsmg

planet we observe today. v
And, even if microbial life never existed, mlght Mars

provide a future habitat for human expl@rers
someday in the future?

Because water is key to life as we know it, earlier
Mars missions (2001 Mars Odyssey, Mars
Exploration Rovers, Mars Reconnaissance Orbiter,
Mars Phoenix Lander) were designed to |
discoveries under the previous Mars EXxp

About 3.8-3.5 billion years ago, Mars and Earth were
much more similar.

=

Evidence from Mars missions suggest Mars may
have been much warmer and wetter than we observe
it to be today. /

In this ancient timeframe, scientists find t

evidence of microbial life on Earth. Program science theme of "Follow the Water.

Future Mars missions would likely be desig
search for life itself in places identified as pote
past or present habitats.

Like all Mars Exploration Program missions, future:
missions will be driven by rigorous/precise scientific
questions that continually evolve from discoveries

by prior missions.

New and previously developed technologies will
enable us to explore Mars in ways we never have
before, resulting in higher-resolution images,
precision landings, longer-ranging surface ili
and even the return of Martian soil and rock

f

Progressive discoveries related to evidence 0
and present water in the geologic record mal
possible to take the next steps toward findi
evidence of life itself.

The Mars Science Laboratory mission and its
Curiosity rover mark a transition between the
themes of "Follow the Water" and "Seek Signs of
Life."

In addition to landing in a place with past evidence
of water, Curiosity is seeking evidence of organics,
the chemical building blocks of life.

i

Places with water and the chemistry needed

potentially provide habitable conditions. for studies in laboratories here on Earth.

r



rs, The God of War (Red PI

e planet was named
fter Mars, the Roman
God of War, who was
one of the most
worshipped and
respected gods _in
ancient Rome.

The god Mars held a special place in the Romal
Pantheon not only for his patronly influence
ecause of the importance of military achi
the republic and the Roman Empire.

l

Mars is the fourth planet from the Sun.

« Commonly referred to as the Red Planet.

The rocks and soil have a red iron o
ust) they contain.

Hubble épace telescope (HST)

e NASA Hubble Space Telescope is a proje
f international cooperation between NASA and
SA. AURA’s Space Telescope Science Institute
in Baltimore, Maryland, conducts Hubble science
operations.

HUBBLE WORKS WITH THE WIDER ASTRONOMICAL
COMMUNITY TO EXPLORE THE UNIVERSE
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Early concepts "

space _g=um.
Mars was @ =3
he be

Italian astronomer, Giovanni Schiaparelli
thought he saw straight lines crisscrossing its
surface.

This led to the popular belief that irri

e NASA Hubble Space Telescope view
the most detailed complete global cover:
the red planet Mars ever seen from Earth.

This picture was taken on February 25, 1995

adistance of 65 millien miles.

NASA’s Hubble Space Telescope
photographed Mars on July 18, near its
closest approach to Earth since 200:
The planet was observed
opposition, when the Sun, Earth
Mars are lined up, with Earth sitti
between the Sun and Mars. ;

ble Space telescope (HS

aunched in 1990, Hubble has been visited
astronauts four times in order to make repairs a
add new instruments.

Each instrument that flies on Hubble has special
features that let astronomers study the heavens in
different ways.

Hubble’s unique capabilities can also be partnered with
other space observatories and those on the ground to
enable scientists to explore the universe in ways that ho
single mission could ever accomplish alone.

Hubble’s science instruments, the astronomer’s eyes to th
universe, work together or individually to provide t
observations. Each instrument is designed to exal
niverse in a different way. Hubble holds two main variet
truments: cameras, which capture Hubble's famed i
spectrographs, which break light into colors for a



Atmosphere on Mars

Mars has a rocky, dry terrain_with hu'qe
volcanoes and deep valleys.

The atmosphere is much thinner than Earth’s
& is comprised primarily of carbon dioxide

and nitrogen.
’s gravity is about one-third of our ow

Mariner Valley,

a vast
(Vvalley)
that runs along
the Martian

equator.

Like Earth, Mars has seasonal changes but the
seasons last much longer.

t storms are seasonal, also, as witne
jubble image.
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Largest Volcano on Mars

I"\ The largest volcano
! the solar __system

Olympus Mons.

It is 624 km in diaméter;
about the same size as
Arizona.

The altitude of Olympus
Mons is three ti

For comparisal
Grand Canyon

In fact, the extent of
Valles Marineris is as
long as the United
States and it span

of the entire di

around Mars. :
.

v
Distance from Sun 141.6 Million Miles 93 Millien Miles :

Diameter 4222 Miles 7926 Miles
Length of Year 687 Earth Days 365.25 Days

Lenglh of Day 24 hours 37 minutes 23 heurs 56 minutes

S that of Earth 2.66 times that of Mars
Average 81F Average 57 F
A21cte17¢e

1



Polar CAPS
Mars’s surface features un
slow seasonal changes over
course of a Martian year
consequence of Mars’s axial tilt an
somewhat eccentric orbit.

* The polar caps grow or shril
according to the seasons,
disappearing during the
summer. y

s p_q.'ilar i':aps; are
dominately of Carbon dioxide
ce- and shows seasonal variations.

co

Each cap consist two distinct parts:

Seasonal cap: grows and shrinks each
Martian year

Residual can.:* remains perm

frozen @ - '
2 2 e

southern winter, mars is farther fr
un than in northern winter.

Thus southern winter season is Ionger‘
colder than in north and polar caps g‘ow
correspondingly larger.

- S. Caps are composed of entirely of CO2.
- |

Their temp. never greater than

20C)- the point where dry ice can f
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o fanciful observers around the s
the twentieth century, these cha
suggested the annual growth
vegetation but, as with Venus, howeve
these speculations were not confirm%i.

The changing polar caps are maostly
frozen carben dioxide, not water ice as
at Earth’s nerth and south paeles
(although smaller “residual” caj
water ice also exist), and the
regions are just highly crate

eroded areas on the surface. 414

 Seasonal Caps

n__Sothern Midwinter- South
seasonal cap is ~4000 km across (1/
the circumference of the planet) ;"

+ After %2 martian year northern cap is at
its largest-reaching -3000 km

L |
The two polar caps do not have

aximum__size- due to its
entricity. e y "'

ring Martian summer- _intense s
triking the cap- CO2 evaporates into
atmosphere and the cap shrinks.
In the winter atmospheric CO2 refr
and cap forms. |

As the caps grow and shrink-they cause

substantial variation (~30%) in Martian
atmospheric pressure.

From atmospheric fluctuations, sci

estimate the amount of C,QZ Ln se
aps. ‘ »
xm thickness of the seasonal ¢




Residual Caps

Are smaller and brighter than seasaonal ea

-
+ Shows mare marked north south asxmm‘tg.

» Southern R.C is ~350 km across.

* Made mostly CO2
-
Although contain some water ice.

temp. remains belew 150K at ay

Evid;_nce for Water on Ma

Ithough the Valles Marineris
was not formed by running
water, photographic evidence
reveals that liquid water once
existed in great quantity on
the surface of Mars. Tweo
types of flow features are
seen: funeff channels &
outflow channels

artian Channel (a) Thhumﬂhannel an Mars is ab
g and 5 km wide. (b) The Red River running from
isiana, to the Mississippi. Martian runoff el
rth differ mainly in that there is currently ne |i
- any other, Martian channel. (NASA) }'

blogists believe that is jus
ey are: the dried-up beds of

Mars from the mountains down into
valleys. |

* These runoff channels speak of a tim

Martian highlands) when
atmosphere was thicker, the
armer, and liquid water wi
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hern R. Cap is much larger ~
ross and warmer

With a temp that can exceed 200K i
northern summer time. ot

1

* Scientists believe that northern cap is
made mostly of water ice.

Opinion _strengthened b 3
increase in _the concentration of \
apor above the north pole in |
jummer as some small fraction e

_, Runoff Channels

he runoff channels are found in
southern highlands.

‘

» They are extensive systems—someﬁmes
hundreds of kilometers in total length—of:
interconnecting, twisting channels that
merge into larger, wider channels.

An outflow channel near ',_.
the Martian equator bears =
witness to a catastrophic ¢ %
fload that occurred about e

three billion years ago.

* The outflow channels are

probably w}ﬁf_of
catastrophic flooding on

Mars long ago. .

1Ivdce
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ney appaar anly in equa

runoff channels.

* They are probably the paths hke
by huge volum& of water dr:
. ' m

Evidencé of Liquid w.

* There is no evidence for ligu
water anywhere oen Mars today al
the amount of water vaper in th

Martian atmosphere is tiny.

* Yet the extent of the outi[qw
channels i.ndiqtes that a
total volume ¢ st

Mars in the past.

ure shows ;'
vidence for
the permafrost
layer in the
form of a fairly /i
typical Martian
impact crater /v )

named Yuty.  /
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figing from the width and dep
e channels, the flow rates must h
he
largest _river

Amazon _River, the
system on Earth.

Flooding shaped the outflow chanr
about three billion vears agc
he same time as the

canic plains formed. '

Ihere did all that water go

One peossible answer is that muel
Mars’s ariginal water is now locked
a layer of permafrost, which is wate
ice lying just below the planet's
surface, with some more wate
contained in the polar caps.

Unlike the lunar craters, ¥
ejecta blanket gives the distir
impression of a liquid that
splashed or flowed out of the

crater.
* Most likely, the explosiv
impact heat '

permafrost, resultmq in th
appearance of the ejecta.

10
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dioxide.
* Here's a breakdown of its compaesition:

+ Carbon dioxide: 95.32 percent

* Nitrogen: 2.7 percent
« Argon: 1.6 percent
« Oxygen: 0.13 percent
+ Carbon monoxide: 0.08 percent
Also, miner amounts of: water, nitreg
eon, hydregen-deuterium-oxygen, K
nen

limate and weathe

ars' thin atmesphere and its gre
distance frem the sun mean that Ma
is much colder than Earth. N

\ll

* The average temp. is~(-80)°F or (-60°C)

« Altheugh it can vary from (-195 °F) or
(-125 °C) near _the poles during th

winter to as much as a comf
at _midday

Curiosity has climbed Mo
Sharp, it also has discove
increasingly enriched

concentrations of boron Insigl

rock fractures ’

* (boron is tied to the formation

of ribose, a key component of
RNA.)
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tmosphere of the M

Mars has a thin atmosphere
too thin to easily support life.

y
e
v,

* The extremely thin air on Mars
can also become very dusty.

« Giant dust storms can blan
the entire planet and las
months.

Iso roughly 100 times thin
than Earth's, but it is s
thick enough to support
weather, clouds and winds.

e Curiosity, which four year
ago landed on Mars veri
he organic matter ma
idely distributed on M

Also have chlorine atoms,
include chlorobenzene (CsHsCl)
several dichloro-alkanes, viz.,
Dichloroethane (CzH4Cl2)
dichloropropane (CzHeCl2)
dichlorobutane (CzHsCl2).

 Chlorobenzene is the most abu
with concentrations betwee!
nd 300 parts-per-billion

11


http://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html

Fosslblllty of life

ars could have once harbored
Some conjecture/speculation th
life might still exist there today.

+ A number of researchers have even

speculated that life_on Earth might
have seeded Mars, or that on
ars seeded Earth. i

« Oceans may W\l red
surface of M

roviding an environment
velop.
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hough the red planet
old desert today, researc
suggest that liquid water m
be present undergro

providing a potential refuge for
any life that might still exist
there.

Several s e s
hat there is abundant
e beneath the surface

12
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