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Discover the origin of trace gases in 
the Martian atmosphere
How it will be achieved: Four instruments 
will study the atmosphere
Why we want to achieve it: It could tell us 
if and where there is life on the surface

Deliver Schiaparelli to the surface
How it will be achieved: The lander was 
deployed on 16 October 2016 but lost signal
Why we want to achieve it: To test landing 
techniques for the 2020 rover

Provide communications from Mars
How it will be achieved: Remaining 
operational in orbit beyond 2021
Why we want to achieve it: To stay in 
touch with the rover

What will ExoMars do 
at the Red Planet?
How the mission will set the 
scene for the future

Now in orbit around the Red Planet, ExoMars provides 
our best bet for finding signs of life on Mars so far

Written by Jonathan O’Callaghan
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For Jorge Vago, the ExoMars mission began when 
a report dropped on his desk in 1997. “It was from 
a group of exobiology scientists, who were asked to 
describe how they would go about searching for life 
on Mars,” says Vago. Almost two decades later, that 
ambitious proposal is coming to fruition.

Vago is now a project scientist for this pioneering 
mission, ExoMars, which is already well underway. 
It is a two-part mission that is going to search for 
life on Mars like never before. In October 2016 the 
first part of the mission arrived, an orbiting satellite 
and an experimental lander. Then, in 2020, a rover 
will arrive to perform the most extensive search for 
life on Mars yet. ExoMars can largely be viewed as 
following in the footsteps of NASA’s Viking landers 
in the 1970s, the Mars Exploration Rovers Spirit and 
Opportunity in the 2000s, and Curiosity in 2012. 
But while those more recent rovers have focused 
on ascertaining the potential habitability of Mars, 
ExoMars will be directly searching for signs of life – 
or, at least, life that may once have existed there.

“We are not trying to detect present life, we are 
going after extinct life, because we think that is 

way more probable than life being present on Mars 
today,” says Vago. The Viking landings in 1976 
were the first true search for life on Mars. But, at 
the time, the technology was limited. Results were 
inconclusive at best and our knowledge of Mars 
was in its infancy. Now, armed with data from a 
variety of landers and rovers, we’re ready to go back 
and look again.

“In essence, we think Mars is more alive than 
what had been thought until a few years back,” 
says Vago. “The interest is, was there life on Mars, 
and if yes, how and when did it appear? The 
second question is, to what extent are the chemical 
components of past life on Mars similar to ours? 
And was there a second genesis, or are we in some 
way related?”

ExoMars has not been without its problems, 
though. Since the mission was first approved 
in 2005, it has been chopped and changed 
numerous times. It was part of ESA’s flagship 
Aurora Programme, an endeavour to search for 
life in the Solar System using robotic explorers 
and humans. Slow progress is being made on the 

Håkan Svedhem
Project Scientist, 
ExoMars 2016
“The ideal result 
would be to find 
methane emissions 
in the location of the 
landing site of the 
ExoMars rover”

Meet the  
ExoMars team
The scientists leading the 
search for life on Mars

Jorge Vago
Project Scientist, 
ExoMars 2020
“I want us to carry 
out measurements 
that tell us with a 
certain probability 
that there may have 
been life on Mars”

Don McCoy
ExoMars Project 
Manager
“A successful mission 
will pave the way 
for European 
participation in 
extraordinary 
projects.”

Thierry 
Blancquaert
Schiaparelli Manager
“We decided to save 
fuel and mass by 
releasing Schiaparelli 
from a hyperbolic 
arrival trajectory for 
a ballistic entry.”

Peter Schmitz
Spacecraft Operation 
Manager
“So far, it has been 
a picture book 
performance. We’ll 
go to deep space 
networks as the 
craft travels further.“

Giacinto 
Gianfiglio
ExoMars System 
Engineering Manager
“ExoMars is the 
first step in the 
ESA-NASA global 
cooperation for 
robotic exploration.”

The first part of the ExoMars mission launched on 14 
March 2016

If Mars once had water, did it also have life? The 
ExoMars mission hopes to find out

Schiaparelli’s heat 
shield should 

have helped 
it survive the 

journey through 
the Martian 
atmosphere
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latter goal, but ExoMars is a serious commitment 
to the former. In its initial form, the mission was to 
be a single rover and a ground station, launching 
on a Russian rocket in 2011. But in 2009 NASA 
became a partner, and an American rocket was 
instead touted as the launch option alongside a 
NASA-built orbiter. After some to-ing and fro-ing, 
NASA pulled out of the ExoMars project in 2012. In 
2013, ESA instead partnered with the Russian space 
agency, Roscosmos, to achieve its goal. It has been 
a complicated history but, in March 2016, things 
finally came together. The first part of the ExoMars 

mission launched on 14 March 2016 on a Russian 
Proton rocket from the Baikonur Cosmodrome 
in Kazakhstan, carrying a demonstration lander 
and an orbiter. “Life on Mars is a question that has 
excited and stimulated people’s fantasy for a long 
time,” Håkan Svedhem, project scientist for this 
first part of the mission, tells All About Space. “The 
primary objective of the ExoMars programme is to 
investigate if there are any signs of past or present 
life on the Red Planet.”

The lander, named Schiaparelli, was ejected from 
the orbiter three days before it reached Mars on 19 

October. It had no propulsion of its own and instead 
was sent on a collision course with Mars. It entered 
the Martian atmosphere at 21,000 kilometres 
(13,000 miles) per hour, using aerobraking 
manoeuvres and a parachute to slow it down. 
About one kilometre (0.6 miles) above the ground, 
thrusters activated to bring the lander to a gentle 
touchdown in a plain called Meridiani Planum, 
using a crushable structure to keep its innards safe.

Schiaparelli was only designed to last for a few 
days on the surface, being simply a demonstration 
of how to land the upcoming rover. ESA’s last 
attempt to land on the surface was the British-
built Beagle 2, which failed to communicate after 
touching down in 2003. Sadly, Schiaparelli suffered 
the same fate.

With the failure of the probe, we have sadly 
lost the data that was to have been harvested 
by its small science payload called DREAMS 
(Dust Characterisation, Risk Assessment, and 
Environment Analyser on the Martian Surface), 
which was intended to study the environment, 
wind speed and atmospheric temperature, among 

“ Previous missions have hinted that 
there is methane in the atmosphere but 
ExoMars will get clear evidence of the 
existence of methane (if it is there) and 
characterise it”

Searching for clues: methane on Mars
Space

Atmosphere

Surface

Underground

Destruction 
of methane Conventional 

methane sources

Water Carbon 
monoxide Methane

Hydrogen Carbon 
monoxide Methane

Olivine Water Hydrogen

Aquifer

Deep crust/mantle

Meteorites
Meteorite 

impacts on Mars 
do not produce 

enough methane 
to explain where 
it all comes from.

Volcanoes
A lack of active 
volcanoes today 
suggests they are not the 
source of the methane.

Frozen
Frozen methane in the 
upper subsurface of 
Mars from long-extinct 
microbes could also 
explain the source.

Winds
Gusts of wind 
should mix 
methane uniformly 
throughout the 
atmosphere, leaving 
scientists puzzled by 
observed variations.

Comet impacts
Comets contribute 
to a very small 
amount of methane 
in the atmosphere.

Dust devil

Methane clathrate
These 'water cages' could store 
methane produced by microbes, 
and gradually release it through 
cracks in the Martian surface.

Microbes
Underwater microbes may 
combine water with carbon 
dioxide to produce methane.

Vents
If Mars has a liquid layer 
underground, there 
could be hydrothermal 
vents spewing methane.

Possible 
methane sources

Oxidation
Occurs in Mars’ lower atmosphere

Water Methane Formaldehyde

Electrochemical reactions
Driven by dust devils and wind

Hydrogen 
peroxide Methane Formaldehyde

EthaneMethane

Ultraviolet 
radiation

Photochemical reactions
Occurs mainly above 60km (37mi)
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other things. On the same day Schiaparelli entered 
the Martian atmosphere, 19 October 2016, the Trace 
Gas Orbiter (TGO) that carried it there entered 
orbit around Mars. The TGO is going to perform 
one of the most extensive analyses of the Martian 
atmosphere to date. Specifically, scientists are 
hoping to learn more about the extremely small 
amounts of methane in the Martian atmosphere 
– methane makes up less than one per cent, with
it being dominated by carbon dioxide (95.3 per
cent) and nitrogen (2.7 per cent), but its presence
is a bit of a mystery. “We are specifically interested
in methane, a gas that has strong relations to life
in the case of Earth,” says Svedhem. “Previous
missions have hinted that there is methane in the
atmosphere but the results are debated. We will get
clear evidence of the existence of methane (if it is
there) and characterise it.”

Methane does not stick around for long, which 
means there must be some unknown process on 
Mars replenishing its stocks in the atmosphere. This 
could be chemical or geological in nature or, more 
excitingly, biological – from microbes on or under 
the surface. From an altitude of 400 kilometres 
(250 miles), the TGO will monitor seasonal changes 
in the amount of methane in the atmosphere, 
alongside other gases. By identifying pockets of 
methane on Mars, the TGO could identify regions 
that may potentially harbour life. The TGO will 
also serve as a relay communications satellite for 
the rover, and perhaps other future missions too. 
“Hopefully we will detect methane (and other trace 
gases) and tie these detections to events and/or 
locations that we also identify,” says Svedhem. As 
of December 2019, the TGO has sent back its first 
image of Mars and it has detected high amounts of 
radiation, more than scientists originally thought 
was on the planet.

And that brings us nicely to the second part 
of the mission. The ExoMars rover was initially 
scheduled to launch in 2018, but in May of 2016 it 
was delayed to July 2020, meaning it will arrive at 
Mars in early 2021. Nonetheless, work is continuing 
unabated, and there are big plans afoot for it. Its 
preferred landing site has been selected, so where it 
goes probably won’t be dictated by any discoveries 
made by the TGO. But the landing site is already 
of great interest to scientists. It is a site within a 
region called Oxia Planum, which contains large 
exposed rocks dating back 3.9 billion years, giving 
a broad look through Martian history. The rock 
is also clay-rich, suggesting water once flowed 
through this region. And, as we all know, water 

“ Most people expect 
life on Mars to exist 
at depths of maybe 
2km (1.2mi), where 
the pressure of the 
rocks is sufficient to 
have liquid water”

Touch down on Mars

ExoMars orbiter

NOMAD
NOMAD (Nadir and 

Occultation for MArs 
Discovery) uses three 

spectrometers to 
identify components 

of the atmosphere, 
including methane.

ACS
The Atmospheric 

Chemistry Suite 
(ACS) will, as its name 

suggests, investigate the 
chemistry of the Martian 

atmosphere.

CaSSIS
The Colour and Stereo Surface 
Imaging System (CaSSIS) will 
take images of locations on 
Mars that are found to be 
sources of trace gases.

FREND
The Fine Resolution Epithermal 
Neutron Detector (FREND) will 
look for deposits of water ice on 
Mars by mapping hydrogen up 
to 1m (3.3ft) below the surface.

Schiaparelli
The Schiaparelli 

lander was detached 
from the TGO on 16 

October 2016 but 
communications were 

lost before landing.

0 secs
121km • 21,000km/h
Schiaparelli enters the 
atmosphere of Mars.

1 min 12 secs
45km • 19,000km/h
The heat shield 
experiences maximum 
heating from the 
atmosphere. 3 mins 21 secs

11km • 1,650km/h
Schiaparelli’s 
parachute deploys. 4 mins 1 secs

7km • 320km/h
The front shield 
separates and the 
radar is activated.
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Schiaparelli lander

MetMast
Carried several sensors 

that were part of the 
DREAMS package 

(Dust Characterisation, 
Risk Assessment, and 

Environment Analyser 
on the Martian Surface).

MicroARES
The Atmospheric 
Radiation and Electricity 
Sensor were to measure 
the atmospheric electric 
fields of the planet. 

Dreams-H and 
Dreams-P
Intended to measure 
the humidity and 
pressure at the lander’s 
location on Mars.

MetWind
Originally 

intended to 
measure the 

local wind 
speed and 
direction.

SIS
Originally 

intended to 
measure the 

transparency 
of the Martian 

atmosphere.

MarsTem
Intended to 

measure the 
atmospheric 
temperature 

close to the 
surface of Mars.

Retroreflectors
Spacecraft in 
orbit should have 
been able to fire 
lasers at these 
retroreflectors to 
locate Schiaparelli.

UHF 
antenna
Originally 
intended to 
communicate 
with the Trace 
Gas Orbiter.

5 mins 22 secs
1.3km • 270km/h
The parachute and 

the rear cover are 
jettisoned.

5 mins 23 secs
1.1km • 250km/h
Schiaparelli’s 
thrusters turn on and 
slow down the lander.

5 mins 52 secs
2m • 7km/h
The thrusters turn off 
and the lander free-falls.

5 mins 53 secs
0m • 10km/h
Schiaparelli lands, 
with a crushable 
structure keeping 
its instruments 
safe from harm.
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is one of the key ingredients for life. Running on 
solar power, ExoMars will have a suite of nine 
instruments with which to study its surrounding 
area. Six independent wheels will enable it to drive 
slowly on the surface, letting it head to certain 
points of interest. Among the nine instruments is 
a panoramic camera, to image the surface of Mars, 
and an infrared spectrometer to highlight objects 
for further examination. A more advanced camera 
will afford high-resolution imagery of rocks and 
other small objects, while a ground-penetrating 
radar called WISDOM (Water Ice and Subsurface 
Deposit Observation On Mars) will look for water 
underground. The MOMA (Mars Organic Molecule 
Analyser) instrument, meanwhile, will directly look 
for biomarkers that hint at the presence of past or 
present life.

The most exciting part of the rover, though, is its 
drill. NASA’s Curiosity rover is able to bore a hole a 
few centimetres deep and analyse samples. The drill 
on ExoMars will go down two metres (6.6 feet), a 
depth that may contain traces of water – and, more 

hopefully, biosignatures of life. “We are bringing a 
new way of extracting organics from the ground, 
which hasn’t been used on any planetary mission 
before,” says Vago. “It should give us access to better 
preserved material.” It should be stressed that 
ExoMars is not being designed to search directly 
for life. Instead, it is looking for evidence left behind 
by past life. One such example is stromatolites, 
structures that can be left behind on rocks by 
colonies of microbes. We see these on Earth, dating 
life back to 3.7 billion years ago according to recent 
evidence. It’s hoped that Mars may have these, too.

That’s not to say ExoMars won’t be capable of 
finding life if it’s there, but it would be a surprise. 

Most people expect life on Mars, if it exists, to 
exist at depths of maybe two kilometres (1.2 miles) 
where the pressure of the rocks is sufficient to have 
liquid water. “It would be a shock and a surprise to 
everybody if we were to find functioning organisms 
close to the surface,” says Vago. “Having said that, 
the payload has the potential capability to be able to 
tell you there are functioning cells, if they happen 
to be there, but I don’t think they will be.”

One complication around this, though, is the 
planetary protection rules. Under these rules, an 
explorer must be sufficiently sterilised if it wishes 
to explore so-called 'special regions' where life 
could exist. Missions not landing in a special 

“ We are bringing a new way of extracting 
organics from the ground, which hasn’t 
been used on any planetary mission before” 
Jorge Vago, ExoMars project scientist

Choosing a landing 
site for a rover

With almost as much land as Earth, 
how do we know where to touch down?

What makes a 
good landing site?

  Low-lying land, so there’s more 
atmosphere to slow you down

  Rocks of all ages, from 3.6 
billion years ago to now

  Multiple interesting targets 
within driving distance

  A flat area with few slopes or 
large boulders

Oxia Planum
This region was 
announced as the 
preferred landing 
site for the 
ExoMars rover in 
October 2015.

Opportunity rover
NASA’s Opportunity 
rover, which sadly 
failed in 2018, landed 
on the Red Planet on 
25 January 2004.

Viking 1
In 1976, Viking 1 
became the first 
spacecraft to land 
successfully on Mars. It 
and its twin, Viking 2, 
hunted for signs of life.

Mars Pathfinder
Mars Pathfinder 
consisted of a lander and 
a rover named Sojourner. 
The mission studied the 
surface and proved that 
it is possible to develop 
faster, better 
and cheaper 
spacecraft. 

Phoenix lander
NASA’s Phoenix 
lander touched down 
in the polar regions of 
Mars to study its ice.

8

The hunt for Martian life

Rocks
Oxia Planum has 
clay-rich rocks 
over 3.9bn years 
old, making it 
very interesting 
for research.

Volcanic
Clays at the Oxia 

Planum may have 
been covered by 
volcanic activity, 

preserving any 
biosignatures.

ExoMars rover 
landing site



region and not looking for signs of life, like NASA’s 
Curiosity rover, fall into category 4A. The Viking 
landers, which did both of those things, fell into 
4C, which meant the entire landing system had 
to be sterilised. ExoMars falls into 4B, which 
means it can’t target a special region where Earth 
microorganisms could develop today. But every 
part of the rover that will come into contact with 
samples must be sterilised to 4C levels. “The only 
case in which we could find life that exists today is 
if we were to land on a place where we don’t think 
there is life, and then we drill down and happen to 
find living organisms that nobody thought would 
be there,” says Vago.

Neither the TGO or the rover are likely to tell us 
whether there is – or was – life on the Red Planet. 
As Vago notes: “People are sceptical.” But together, 
the ExoMars mission will paint our best picture yet 
of what life on Mars could have looked like. If we’re 
lucky, in five years or so, we may know with greater 
certainty whether or not we have always been alone 
in our Solar System.

Roving the Red Planet
Scheduled for launch in 2020, the ExoMars rover 
will search for signs of past and present life on 
the Martian surface, as well as characterise the 
water and general chemistry of the Red Planet. 

ExoMars will do this using its suite of analytical 
instruments, which are dedicated to establishing 
whether life ever existed – or is in fact still active – 
on Mars today.

ESA has been developing 
the ExoMars rover for 

more than a decade

The ExoMars rover will 
arrive at the Red Planet in 

2021 and will search for 
signs of past life on Mars

Curiosity rover
NASA’s Curiosity rover 
landed in the Gale 
Crater on 6 August 
2012, which was 
chosen for its evidence 
of past water.

Spirit rover
NASA’s Spirit rover 
landed in the Gusev 
Crater on 4 January 
2004, an interesting 
location that may 
be revisited by the 
ExoMars rover.

Viking 2
Landing on the Red 
Planet in 1976, Viking 
2 operated for 1316 
days. It analysed 
the Martian soil and 
hunted for key signs  
of life.
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