
Dr. Alejandro Cardesín Moinelo

Mars Express & ExoMars Science Operations

European Space Astronomy Centre

Mars Science & Exploration

GTTP 2020 - A Journey to Space Exploration Missions Course



Credit:  MEX/HRSC



Roman God of War

4th planet in the Solar System

Furthest terrestrial “rocky” planet

Reddish surface caused by Ferric Oxyde



Marte: detalles
1/2 Earth’s Diameter

1/4 Earth’s surface

1/10 Earth’s mass

1/3 Earth’s gravity

Thin CO2 atmosphere

Martian day (Sol) similar to Earth’s day

Martian year almost double duration

Two little moons: Phobos & Deimos



The Seven ”Travellers”

– 7 moving anomalies in the sky: “travelling”’ stars  planets

– Lack of technology, limited knowledge  especulations  Mythology …

Moon, Mars, Mercury, Jupiter,   Venus, Saturn, Sun

monday, tuesday, wednesday,  thursday, friday,  saturday,  sunday

Luna,  Marte,    Mercurio,   Jupiter,  Venus,     Saturno,   Sol

lunes, martes,   miercoles,  jueves, viernes, sabado, domingo

lundi,  mardi,     mercredi,   jeudi,     vendredi, samedi,     dimanche

lunedi, martedi, mercoledi,  giovedi, venerdi,   sabato,      domenica

…
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Mars throughout history: Technology enables knowledge

1610 Galileo starts using the telescope looking at the Moon, Venus, Mars…

1659 Huygens observes a dark spot and calculates rotation ~24h, 

diametre ~60% of Earth and polar caps!

A NEW WORLD!!!



Schiaparelli ground-based telescopic map of Mars. 1888
Flammarion, La Planète Mars.

1880s Schiaparelli Knowledge again limited by technology  speculations...



Mars view until 1950s, before Space Era…

The Martian chronicles, Bradbury - Turtleback, 1976

Orson Welles 1938
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History of Missions to Mars
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Mars Express 2003-2022 …

First European Mission to orbit another Planet!

First and last mission of the “Rosetta family”

Up and running since 2003
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Mars Express science investigations

Interior:

Gravity field

Sub-surface: 

physical properties 

and structures

Surface: geology, 

composition, 

mineralogy, …

Atmosphere: 

composition, 

dynamics, 

temperature, 

climate, clouds, …

Ionosphere, 

Magnetosphere, 

Exosphere, 

Interaction with solar 

wind, auroraes

Martian Moons: Phobos & Deimos: 

surface, mass, volume, density, …

Comprehensive study of the planet and its history



Mars Express Science Highlights
Summary Video (~2min)

https://youtu.be/hyWC_zPTLsI

https://youtu.be/hyWC_zPTLsI
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Mars History of liquid water… 
(and life???)



Life on Earth
is everywhere!!!

But on Mars there is not
a single life organism! (?)

or anywhere else in the universe ???

more life in one hand that anywhere else in the solar system ?



Río Tinto, Spain

Vida en condiciones extremas en la tierra



Río Tinto, Spain

Liquid water is the key !!
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MARS                                   EARTH                                                  VENUS                                              MERCURY      

distance

1 AU 0.72 0.391.52

“Habitability zone” in the Solar System

Greenhouse 

oven
“Paradise”Global 

fridge

Frying pan



Río Tinto, Spain

Estados del Agua: Temperatura y Presión



Río Tinto, Spain

Mars today

need to reconstruct martian history backwards…



Posible evolución de Marte…¿¿¿???
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History based on Geologic Analysis: 
Glacial and Fluvial features by MEX/HRSC camera

R. Jaumann et al., PSS 2015
MARS (Olympus Mons) EARTH (Antarctica)

Oldest fluvial features >100My ago

In line with oldest volcanic features

Glacial structures are more recent (<100My)
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History based on chemical analysis: 
hydrated minerals detected by MEX/OMEGA spectrometer

Mawrth Vallis, OMEGA

Acqueous minerals
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Science Highlight 1
History of liquid water



Credit:  MEX/HRSC

but where is the water now???
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MARSIS analysis of Water ice in polar caps 

down to a few kms

Equivalent to global ocean of 10~50m

More ice can be trapped deeper,  also more 

distributed along the whole planet subsurface

Frigeri et al.,

3D reconstruction of ice polar caps

Water ice in the polar caps and subsurface 
seen by radar MEX/MARSIS
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2018: Liquid water lake below south polar cap!!!



Credit:  MEX/HRSC

2020: More liquid water lakes confirmed!!!
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Water escape through the ionosphere solar wind interaction

Mars Express / ASPERA, R. Ramstad, JGR 2015, 2017 & 2018, GRL 2016
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F. Forget et al.

Global Monitoring of Climate variability

Global 

Climate 

Model

SPICAM

PFS

>17 year 

atmospheric 

database

LMD
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Routine atmospheric monitoring with all instruments

HRSC High-Res OMEGA SpectrumVMC Monitoring



2018: Global Dust Storm growing



2019: Local Dust storms (HRSC/VMC/OMEGA)

D. Tirsch

MEX/HRSC
J. Hernandez

MEX/VMC
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Atmospheres of Mars and Earth
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Methane molecules are destroyed by UV radiation within 100~300 years

Methane (CH4) on Mars should NOT be there
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• Formisano et al. (Science 2004) 0~35ppbv

• Krasnopolsky et al.(Icarus 2004) ~10ppbv

• Mumma et al.(DPS meeting 2004) ~250ppbv

Methane (CH4) on Mars was detected in 2004

by 3 different groups: V. Formisano et al. 2004

Methane existence has great geological/biological implications
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Where is Methane on Earth coming from?

Methane may mean either life or geology : both with liquid water !



Credit:  MEX/HRSC
Villanueva et al, 2009

Subsurface Methane Sources
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Methane detection over time
further measurements, but still controversial

Mumma, 2005-2009

Geminale et al., JGR,2007.  
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MSL Curiosity 2013: no Methane???
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MSL Curiosity 2014: Methane is there! but comes and goes???

Methane creation and destruction?



Credit:  MEX/HRSC

Latest MEX/PFS results: April 2019
Methane peak confirmation

Mars Express / PFS, M. Giuranna, Nature GeoSciences 2019



Methane Modelling
Methane Water vapour

Open University, 2017

Methane abundanceNeed more data!



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

POCKOCMOC

E      X      O M      A      R      SE      X      O      M      A      R      S

POCKOCMOC

2 missions: Trace Gas Orbiter in 2016, Rover and Surface Platform in 2022

• Cooperation between ESA and Roscosmos



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

(odd)chlorine + (odd)oxygen  

            ClO3   + OH 
            ClO    + H2SO4 

            OClO + OClO  +h!  

(H or Cl)ClO4 (dry deposition)  

             +surface minerals             

"  ClO, OClO, ClO3 

"  H(ClO4) 
"  H(ClO4) + … 

"  Cl(ClO4) 

"  Mg(ClO4)2, K(ClO4), … 

perchlorate (ClO4
-) on Mars and Earth 

Mars 

north polar region 
0.3 – 0.6 wt% 

? 

Earth 

Atacama, Bolivia, Texas 
0.03 – 0.6 wt% (Atacama) 

5-15 Myr (Atacama)  

where 

how much 
dry period  

"  Cl 

volcano 

brine ‣ Relay communications for ESA/NASA rovers

2016

TECHNOLOGY OBJECTIVES (experimental)

‣ Test Entry, Descent and Landing concepts

SCIENCE OBJECTIVES 2018-2022

TRACE GAS ORBITER (TGO)

‣ Study of Martian atmosphere: trace gases and sources

‣ Mapping of surface water ice and geology

➔

ExoMars 2016: Objetives



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

Sunset hunter

Observe sun light at sunset and sunrise
to detect trace gases, methane, water vapour, dust, ...

ExoMars Trace Gas Orbiter



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

TGO first results: No Methane is seen!!!!?

TGO/ACS/NOMAD, O. Korablev, A.C. Vandaele et al. Nature 2019



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC
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E      X      O      M      A      R      

S
E      X      O M      A      R      S
E      X      O      M      A      R      

S
E      X      O M      A      R      S
E      X      O      M      A      R      

S
E      X      O M      A      R      S
E      X      O      M      A      R      

S
E      X      O M      A      R      S
E      X      O      M      A      R      

S
Trace detections of Oxygen green line, water vapour, hydrochloric acid…



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

TGO results 2019: Ice content

HOW MUCH WATER IN SUBSURFACE ICE ???



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

First TGO image in operational orbit
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E      X      O M      A      R      SE      X      O      M      A      R      SCASSIS Images

84
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E      X      O M      A      R      SE      X      O      M      A      R      S
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E      X      O M      A      R      SE      X      O      M      A      R      S



E      X      O M      A      R      SE      X      O      M      A      R      S
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E      X      O M      A      R      SE      X      O      M      A      R      S
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E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

TGO CASSIS Images
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E      X      O M      A      R      SE      X      O      M      A      R      STGO CASSIS Images

92



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

E      X      O M      A      R      S

ROVER 

& 

SURFACE PLATFORM
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E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

ExoMars 2022
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2022

TECHNOLOGY OBJECTIVES

‣ Movility on Msurface (up to a few kilometers);

‣ Direct access to martian subsurface (2m depth drill);

‣ Sample acquisition and analysis from surface and subsurface

SCIENCE OBJECTIVES

‣ Search for signs of present and past life on Mars

‣ Research for water in subsurface and environment

SCIENCE OBJECTIVES

‣ Characterisation of Surface environment.

TECHNOLOGY OBJECTIVES

‣ Descent and landing platform

‣ Communications with European and Russian stations



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

Módulo de Exploración Pasteur
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DRILLING TO 

REACH SAMPLING 

DEPTHCENTRAL PISTON IN 

UPPPER POSITION

CORE FORMING

CORE CUTTING 

(closing shutter)

DRILL UPLIFT

SAMPLE 

DISCHARGE

1 2 3 4 5 6

2-m depth
Credit:  ESA/Medialab

E      X      O M      A      R      S
E      X      O      M      A      R      

S

Nominal mission : 218 sols

Nominal science : 6 Experiment Cycles +

2 Vertical Surveys

EC length : 16–20 sols

Rover mass : 300-kg class

Mobility range : Several km



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

Status



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

One more step in the roadmap for exploration 

towards the Mars Sample Return challenge

Summary

2022:  ExoMars Rover and Surface Platform

98

2016:  ExoMars Trace Gas Orbiter

• Improve our understanding of Mars and atmospheric processes

of exo-biological relevance

• Example of international cooperation.

• Technology demonstration for future exploration.

• Mission with great exo-biological importance.

• First attempt to combine mobility and sub-surface sounding.

• Rover with state-of-the-art  scientific instrumentation.

• Pasteur Module will study for the first time:

- Organic molecules and bio-markers for present and past life;

- Vertical characterisation of geochemistry and water.

• Surface platform will measure environmental properties.



Credit:  MEX/HRSC

E      X      O M      A      R      SE      X      O      M      A      R      SExoMars 2016&2020 Video

https://youtu.be/-JhCUVxjFfA

https://youtu.be/-JhCUVxjFfA
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GRACIAS



E      X      O M      A      R      SE      X      O      M      A      R      S

Credit:  MEX/HRSC

THANKS


