Samples are
also delivered
to CheMin.

This mineralogy instrument
determines what the rocks are.

It didn't take long for
Curiosity to astonish
astrobiologists.

CheMin studies how water may have
affected the formation, deposition,
or alteration of the minerals.

Together, SAM and CheMin are unlocking hidden secrets
in the tiny particles of martian sand and dust.

One region, known as Yellowknife Bay,
had all the trademarks of an environment
that would have once been habitable for
life as we know it.

John Grotzinger
(CalTech)

"Our mission is
turning a corner.”

"We are beginning to
map a way forward, a way
to explore deliberately for
organic matter.” (52)

The rover found rounded
pebbles that were evidence
of an ancient stream bed.

"At a minimum,
the stream was flowing
at a speed equivalent to
a walking pace—and it
was ankle-deep to
hip-deep.” (1)

Rebecca Williams
(ThePlanetary
Science Institute)

Scientists continue to pore over data from Curiosity.

For example, the rover found rocks that contain diverse
collections of organic molecules - further evidence that
ancient Mars had the right chemistry to support life. (53)
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On November 18, 2013, NASA launched
the Mars Atmosphere and Volatile
EvolutioN mission, or MAVEN.

MAVEN is used its instruments
to investigate a planetary mystery.

When the inner planets first
formed, Mars wasn't much
different than Earth.

Scientists think Mars had
a thick atmosphere and
water at the surface.

But where did
the water go?!

Early Mars could have
been as habitable as
the early Earth.

But then something
happened...

...leaving Mars as the
cold, desert world we
know today.




Unlike Earth, Mars no longer
has a powerful magnetic field
to protect its atmosphere.

Radiation and solar
wind gradually blasted
much of the martian
atmosphere away.

MAVEN was the first dedicated mission to study

how atmospheres escape into space, and the
data from Mars could also help astrobiologists
undertsand Earth's atmosphere and habitability.

The rover found heavy
isotopes of gasses in the
atmosphere, indicating
that the lighter ones
have indeed escaped to
space over time.

This cooperation highlights how multiple
missions can work together to increase
our scientific capabilities at Mars.




“"We now believe
that Mars preserves

a record of habitable
environments, some of
which may be active today.
Our next step will be to
determine whether or

not life ever started
on Mars." (46)

Michael Meyer, NASA Mars
Exploration Program (retired)

“With its sophisticated

instruments, MSL is the first

astrobiology mission since
Viking." (46)

\

“Considering how long the Spirit and
Opportunity rovers have lasted beyond
their design lifetimes, it almost boggles

the mind to think how long MSL could last.
It may be there to greet the astronauts
when they arrive on Mars." (54)
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In September of 2014,
the Indian Space Research
Organization's (ISRO) Mars
Orbiter Mission (MOM)
joined the team at Mars.

MOM collects thermal
emissions from the surface
during both day and night.

**Interior Exploration
using Seismic Investi-
gations, Geodesy and
Heat Transport

In 2018, after an incredible 15 years and 45.16 km,
Opportunity sent its last message home to Earth.

The first mission in the joint ESA/Roscosmos
ExoMars* program arrived in orbit in 2016.

| The Trace Gas Orbiter
(TGO) is studying gases in

| the atmosphere that are only
present in small ammounts.

TGO also tested European technology
| for a future landing on the surface.

*Exobiology on Mars

InSight set down on Mars to
study the planet’'s deep interior.

The lander detected
sizeable ‘'marsquakes,
and the measurements
are helping scientists
probe the interior of
the planet. (55)

Studying the martian interior helps
astrobiologists understand the
processes that shape rocky planets
and influence their habitability.

The MER mission was complete,
but astrobiologists will be
working with data from the twin
rovers for decades to come.

When Spirit and Opportunity

took thier final bow, they left
Mars a much busier place than
when they first arrived.




As the MER mission drew to a
close, a large fleet of robotic
explorers continued to explore
from the ground and in orbit.

< f : InSight completed operations in December
[/ of 2022, and NASA recieved the final signal
- | from MAVEN on Dec. 6, 2025.

Each of these robotic explorers has helped
to shape technologies and science questions
as new missions are launched and our team of
adventurers on Mars continues to grow.

T I

When Curiosity touched down
on Mars, NASA scientists
were already designing and
building new instruments.

One such instrument is the
Mars Organic Molecule
Analyzer (MOMA), to launch
on the next European mission.




The second mission in ESA’'s ExoMars

programme will deliver a stationary

science platform and a rover that

carries a powerful drill. The rover is

named for a key figure in the history Rosalind Franklin will use

of astrobiology, Rosalind Franklin its drill to retrieve pristine

(See Issue 1). samples from as deep as
two meters below the
martian surface.

NASA contributed to the mission
by building the mass spectrometer
and other components for the
rover's MOMA instrument.

MOMA is central to the

mission and will detect, - "

. . . Rosalind Franklin
identify, and quantify
organic matter that might

be present in samples.

The Exomars Rosalind Franklin mission

| is truly dedicated to astrobiology with
its goal to determine if microbial life

ever existed on Mars.
Background Image:
/ Earth from Mars (56)

In 2020, more countries joined in Mars Chind's Tianwen-1
exploration for the first time: China dellyerefi a rover apd
and the United Arab Emirates (UAE). orbiter in one mission.

Among the rover's science instruments
was a radar used fo look for pockets
of water beneath Mars' surface.

T——cE

2] The UAE's Hope Mars orbiter was designed
to study weather on Mars and gather

data about how and why Mars' climate has
changed so dramatically through time.




NASA's next trip to Mars was the Al Perseverance is an advancement

|| Mars 2020 mission and its rover, on the capabilities of Curiosity, | |
dubbed Perseverance. with upgraded hardware and
new instruments.

Scientists use
data gathered

by the rover at

its landing site in
Jezero crater to
study the potential
habitability of past
environments.

Perseverance is
also the first rover
designed fo seek
possible signs of
past Martian life.

For astrobiologists, the answers to
questions about Mars' habitability
are in Perseverance's ‘hands.'

The rover can extend its arm and use Organic molecules R ..but, clumps of \
the SHERLOC* instrument in tandem are the carbon-based building \( organics on certain parts
with the WATSON** camera to map blocks of life, but they are not of a rock could indicate
minerals and organic molecules in detail. necessarily made by biology... life was once present.

*Scanning Habitable Environments
with Raman & Luminescence for
Organics & Chemicals (SHERLOC)

** Wide Angle Topographic Sensor for
Operations and eNgineering (WATSON)

The Sample Caching
System drills into Mars

ld rock to collect samples. Mitch Schulte (NASA HQ),
Mars 2020 Program Scientist.

I !

Finally, samples are passed to
the Sample Handling Arm in
the rover's belly and stored.

The arm then transfers

samples fo a 'bit carousel’ The samples are moved

in the rover's body. through the rover's body
and photos are taken.

Then the samples are
sealed in the Sample The rover carries 43 sterile
Caching System. sample tubes in total.
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This is the most complicated mechanism Perseverance has a total of 23 cameras
ever built for spaceflight, and was used and 7 science instruments. These tools
by Perseverance to collect its first will be used by many NASA scientists
sample in September of 2021. in addition o astrobiologists.

The mission is also testing
technology that will pave the way
for future missions.

The rover will explore
Jezero crater, filling its
sample tubes with material
from interesting spots.

Perseverance will not study everything it
picks up. Some samples will remain sealed
and the rover will deposit a ‘cache’ of

these samples at a specific location.

Having samples in hand
could allow astrobiologists
on Earth to examine pieces
of present-day Mars up
close...

Those samples could
one day be collected
and brought back to
Earth for closer

...and perform many
experiments that are not
yet possible with robotic
explorers.

examination.




The mission is also testing new technology like the
lightweight Mars Helicopter, dubbed Ingenuity. It
performed the first powered flight on another planet.

We have been systematically
studying Mars for over 50 years, and
are now getting to the point where we have the
technology to really study Mars from an
astrobiology perspective.

We've learned that Mars
was habitable in the past, and
we're how getting down to the
microorganisms’ level o see if
there are traces that the planet
had life in its past.

In fact, in 2025 astrobiologists
confirmed that samples taken from a rock
named “Cheyava Falls” might contain fossil

evidence of ancient microbial life. The rocks

show compelling chemical signals, but further
studies are needed to know exactly how

they were formed. (57)

With each new mission, Mars
continues to be a major target
for astrobiology research.

...but for now, the planet is one
of the most important locations
beyond Earth for astrobiology.
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NASA’s Mars 2020 mission will perform some spectacular firsts’ on Mars. This image shows the
Perseverance rover’s companion, the Ingenuity Mars Helicopter. Ingenuity will make the first powered
flight on another planet. Perseverance itself will store samples of Mars in tubes (seen in the foreground).
A future Mars Sample Return mission will collect these samples and return them to Earth, giving
astrobiologists their first chance to examine pieces of modern-day Mars up close.

Visit science.nasa.gov/astrobiology/ to learn all about Astrobiology at NASA!
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