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Planet Mars : Exploration, 

environment and ressources
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1 jour = 24h

1 sol = 24h40’

23.5°

25.2°

Mars :
Patm ~ 6 hPa   (95% CO2)

Earth
Patm ~ 1000 hPa
(N2 - O2)



Mars Pathfinder 1997
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CO2 ice

Dust

Water ice



Water ice frost (Viking 2 48°N, 1978) 

Haberle et al. 2003



Enigmatic 

“Recuring
Slope Lineae” 
observed  to form on 
warmest slopes during 
southern spring and 
summer…

Flowing Brines ???

McEwen, Science
August 2011
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Enigmatic “Recuring slope 
Lineae” observed  to 
form on warmest slopes 
during southern spring 
and summer…

Flowing Brines ???

McEwen, Science
August 2011

Recurring Slope Linae : 
most likely dry, eolian

processes

Edwards and Piqueux (2016), Schmidt et al. (2017), 
Dundas (2017, 2020), Vincendon et al. (2019), 
Schaefer et al. (2019)



“Gullies” on Mars
(found in mid and high latitudes) 

500 m





Hirise Nov. 5, 2010, 
and May 25, 2013. 

Observed Active 
formation of 
Gullies on 
present-day Mars!

(in relation to CO2 ice)

Dundas et et al. 
2010, 2012, 2014, 
Reiss et al. 2010,
Diniega et al., 2010 
Hansen et al.  2011

Nov. 5, 2010 May 25, 2013



Gullies are formed by subliming CO2 ice, not liquid water

Exemple of process :  Gas fluidized debris flow  (Pilorget and Forget, Nature Geoscience 2016)



Gas fluidized Dense pyroclastic flows on Earth   (gerenated by volcanic eruption)

Felix and Thomas 2004
Jessop et al. 2012



On Mars : Ice, but no liquid 
water on the surface 

• On the Earth : life = liquid water

• No liquid water = No life on Mars ? 

• AND IN THE PAST ? 



-8000       -4000          0             4000        8000       12000  

Mars Topography



10 km

Mars EXPRESS. Camera





Geomorphology + Mineralogy ⇨ Mars 3-4 Billions years ago ?



Exploration by robotic geologists: Curiosity, March 26, 2021



Perseverance, 2021



ALTEC Tesbed, Turin, 12/10/2022 

Rover ESA 

“Rosalind Franklin”
Launch planned in 
september 2022..



Humans on Mars ?



Mission to Mars : 

Cost ? 



Technical Challenges of a crewed Mars mission

• Journey to Mars:
– A long duration transportation/habitation spaceship

(roomy enough, perfectly recycling, repairable)

– Health and psychology (microgravity, radiation, confinement)

• Landing on Mars

• Living on Mars (habitats, spacesuits, power, ressources, contamination)

• Getting back from Mars surface



Orbital mission 
around Mars



Phobos

(Mars Express, 2010)





Robotic system remote operation from orbit 
(From ISS: Andreas Mogensen, 2015)



Technical Challenges of a crewed Mars mission

• Journey to Mars:
– A long duration transportation/habitation spaceship

(roomy eough, perfectly recycling, repairable)

– Health and psychology (microgravity, radiation, confinement)

• Landing on Mars

• Living on Mars (habitats, spacesuits, power, ressources, contamination)

• Getting back from Mars surface



Landing on Mars:  

Sky Crane, Curiosity , Peseverance : 1 Ton on Mars



Landing on Mars





The 
Hypersonic 
Inflatable 
Aerodynamic 
Decelerator,



With retrorockets…







Technical Challenges of a crewed Mars mission

• Journey to Mars:
– A long duration transportation/habitation spaceship

(roomy eough, perfectly recycling, repairable)

– Health and psychology (microgravity, radiation, confinement)

• Landing on Mars

• Living on Mars (habitats, spacesuits, power, ressources, contamination)

• Getting back from Mars surface



Wojciech FikusLiving on the Martian Surface



Water
In-situ ressources on 

Mars 

to drink, breathe, 
manufacture rocket 

propellant, etc…°

(Mosaic from Viking mission  in 1977)



200 km



Neutron Spectrometer, NASA Mars Odyssey , 2001

cosmic rays

Neutrons



less Neutrons

Ice

cosmic rays

Neutron Spectrometer, NASA Mars Odyssey , 2001



Minimum water equivalent hydrogen abundance (weight percent) deduced from Neutron flux 
(Boynton et al. 2002 , Feldman et al. 2004)

An ice-rich layer discovered by Mars Odyssey below a 

few cm of dry sediments



Phoenix: May 25, 2008   68°N



First Ground View of the Mars 

Polar Region



1st image Phoenix, may 2008



Antarctica



Below Phoenix : ice exposed by landing thrusters



Phoenix Ice-Bottomed Trenches

Dodo-Goldilocks Snow White



Topography (m)

Mars Oddyssey GRS 
2002

Phoenix, 2008

“Latitude dependant ice Mantle”
AGE < 2 Myr

Mustard et al., 2001, Boynton et al. 2002 Head et al., 2003, Milliken et al., 2003 Mangold, 2005,  Levy et al., 2009,, ETC…



Topography (m)Phoenix, 2008

Latitude dependant ice Mantle
AGE < 2 Myr

Mustard et al., 2001, Head et al., 2003, Milliken et al., 2003 Mangold, 2005,  Levy et al., 2009, etc…

Byrne et al. 2009
Dundas et al. 2014

ice-exposing fresh 
impacts 



Posiolova et al. (Science, October 27, 2022) : Subsurface Water ice at 35°N 

Water ice



Water ice in the subsurface down to 25°S on pole-facing 
slope 



40°S

On pole facing slopes, CO2 ice is stable closer to the equator 

Ls 200° 150° 165°

CO2 ice

CRISM “MSP” data – 230 m spatial resolution

7km

2km

Vincendon et al. 2009



Climate model prediction: ice stability over-predicted

a source of heat localized on slopes is required

observed 
CO2

modeled 
stability 
limit of 
CO2

Vincendon et al. 2009



Ground model: dry regolith above H2O ice rich regolith 

Iice = 2120

Idry regolith = 250

Ice table depth: free parameter, latitude dependent

Vincendon et al. 2009





Malakhov et al., Ast. Lett., 2020

H2O mapping using TGO/FREND 



H2O mapping using TGO/FREND 



MOXIE Experiments on Perseverance 
(Hoffman et al. 2022, Hecht et al. 2022)
solid oxide electrolysis of carbon dioxide in the martian atmosphere

2CO2 → 2CO + O2 (so far 50g of O2…)



Sabatier reaction:
CO2+4H2 => CH4 + 2H2O
2H2O => O2 + 2H2



Technical Challenges of a crewed Mars mission

• Journey to Mars:
– A long duration transportation/habitation spaceship

(roomy eough, perfectly recycling, reparable)

– Health and psychology (microgravity, radiation, confinement)

• Landing on Mars

• Living on Mars (habitats, spacesuits, power, ressources, contamination)

• Getting back from Mars surface



Thank you

Hope Mars mission first image, February 11, 2021
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