
The Once and Future 
Habitability of Mars 



Fourth Planet From the Sun 
•  White polar caps 
•  Seasonal reflectivity changes 
•  Dust storms 
•  23h37m day; 25o axial tilt 

An Earth-like planet? 

Mars near opposition, diameter: 13.9” 
 
Photo made from Pic du Midi Observatory 
1m telescope 
18 November 2007 
 
copyright Jean-Luc Dauvergne 



The Canals of Mars 
Giovanni Schiaparelli published a map (1877) of canali 
(channels) 



Camille Flammarion  (1884) 



Lowell’s Canals 
Percival Lowell mistranslated canali as canals. 
Lowell founded the Lowell Observatory to follow up. 

Part of 
Lowell’s map 



Lowell’s Mars 
A dying planet, populated by intelligent Martians. 

Chesley Bonestell: Surface of Mars  (1949) © Bonestell Space Art  

 



Lowell’s Mars 
Canals imply  
• intelligent life, and  
• deliberate construction 

 
 
  

Lowell created a Mars that is  
• a dying planet,  
• whose intelligent denizens built canals  

–  to collect the melting polar ice, and  
–  to distribute the water among the oases 



Barsoom 

In Burrough’s classic Science 
Fiction, it is the valiant 
Earthman, John Carter who 
rescues princesses, fights the 
monsters, and pacifies the 
warring races of Barsoom. 



The Moons of Mars 

• Phobos (Fear) 
13x11x9 km 

• Deimos (Terror) 
8x6x5 km 



No one would have believed in the last years of 
the nineteenth century that this world was being 
watched keenly and closely by intelligences 
greater than man's and yet as mortal as his 
own; that as men busied themselves about their 
various concerns they were scrutinised and 
studied, perhaps almost as narrowly as a man 
with a microscope might scrutinise the transient 
creatures that swarm and multiply in a drop of 
water.   

H. G. WELLS    THE WAR OF THE WORLDS 
Radio broadcast: Orson Welles; October 30 1938 

 



The Dream is Smashed 

Mariner 4, 1965 



I. Does Mars Support Life Today? 



 Views of the Red Planet 



  



  



  



Frost 
Frost in Lowell craterè 

çFrosty morning in 
Utopia Planitia 
 
(Viking lander, 1976) 



Clouds 
Mist in Valles 
Marinerisè 

Ice clouds 



The Phoenix Lander 



Phoenix on Ice 

May 25 2008: Landing on a patch of ice. 



Recent Channels 



New Evidence: Water on Mars 



New Evidence: Water on Mars 
Spectroscopic evidence for hydrated salts 
-  Magnesium perchlorate 
-  Magnesium chlorate 
-  Sodium perchlorate 



Methane on Mars 

•  Discovered in near-IR spectra; 60 ppb in atmosphere    
•  Destroyed by UV radiation: lifetime about 300 years 
•  Methane on Earth is produced by methanogens 
•  Co-spatial with water vapor 
•  Could be from clathrates (gas/ice mixtures)  



Today 
•  There is no macroscopic life 
•  There is no permanently running water 
•  The atmosphere is about 0.007 bar 

•  Mars today is old, cold, and dry 



II. Did Mars Support Life in the Past? 

•  Evidence for permanent water 

•  Inferences about atmosphere 



Evidence for Past Water 



Running Water 

Dendritic Channels 



Fossilized Icebergs? 



Bathtub Rings 
(Sedimentation) 



More Evidence for Water 

Sedimentary layerings with salt residues 



Sedimentary Rocks on Mars 



More Evidence for Water 

Concretions: hematite spherules formed in the 
presence of water. 



Evidence of Running Water? 



Sedimentary Rocks on Mars 



Running Water Requires 

•  Temperatures > 0 C 
•  Pressures > 30 millibars 

Estimate current inventory and mass loss 
from observations 



Mars @ 4 Gya 

Estimated water lost would cover all Mars to 450 feet  



Evolution of the Martian Atmosphere 
•  Noachian era (4.5 – 3.7 Gya) 

–  Abundant volcanic activity 
–  Riverbeds and deltas form 

•  Hesperian era (3.7 – 3 Gya) 
–  Rivers dry up 
–  Lava plains form 

•  Amazonian era (3 Gya – now) 
–  Atmosphere lost 



ALH 84001 
SNC meteorite 
discovered in 
Antarctica in 1984. 
 
Rocky matrix is 4.5 
Gyr old. 
Evidence for liquid 
water at 3.6 Gya 
 
Ejected from Mars 
16 Mya. 
Fell to Earth 
13,000 years ago. 



Fossils in ALH 84001? 
Possible evidence for life includes: 
 

• Shapes that resemble fossil 
bacteria 
• microscopic mineral grains 
like those sometimes found in 
terrestrial bacteria 
• polycyclic aromatic 
hydrocarbons (PAHs), that can 
be formed by biological 
processes. 

 
The evidence is controversial 

See 
http://www.astrobiology.com/adastra/its.dead.jim.html 



Was There Life on Mars? 

We do not know… yet 



III. Can Mars Support Life in the Future? 



Getting There 



“The men of Earth came to Mars. 
 They came because they were afraid or 
unafraid, because they were happy or unhappy, 
because they felt like Pilgrims or did not feel like 
Pilgrims. There was a reason for each man. 
They were leaving bad wives or bad jobs or bad 
towns; they were coming to find something or 
leave something or get something, to dig up 
something or bury something or leave something 
alone. They were coming with small dreams or 
large dreams or no dreams at all. …” 
 
Ray Bradbury, The Martian Chronicles: August 2001 



“And what more natural than that, at last, the old 
people come to Mars, following the trail left by 
the loud frontiersmen, the aromatic 
sophisticates, and the professional travelers 
and romantic lecturers in search of new grist. 
   And so the dry and cracking people, the 
people who spent their time listening to their 
hearts and feeling their pulses and spooning 
syrups into their wry mouths, … the dried-
apricot people, the mummy-people, came at last 
to Mars.” 
 
Ray Bradbury, The Martian Chronicles: April 2005 



It’s a Long Way 
0.5 AU (47 million miles) at opposition 
•  Hohmann transfer orbit (minimum energy):  

–  9 months out  
–  6 months for planetary alignment 
–  9 months back  

•  With current technology: 
–  6-8 months travel,  
–  ~20 months minimum duration 



Technical Issues 

•  Psychology 
•  Radiation environment 

–  In space 
– On Mars 



NASA Plans 

•  2033: Crewed mission to Phobos 
•  2039: Landing on Mars 
•  2043: second landing on Mars 











Show Me the Money! 



The Competition 
Mars One 

– One-way trip 
– First crew (4 persons) in 2026 
– New crew every 26 months 
– Engineering analyses: risky 

Elon Musk (SpaceX) 
– Unmanned sample return mission in 2020 
– Colonization plans forthcoming late 2015 



Habitable Mars? 
•  Atmospheric pressure: 7 millibars 
•  Mean temperature: -40 C 
•  Insignificant atmospheric oxygen 
•  No liquid water 



Terraforming Mars 
Raw ingredients: 
•  subsurface H2O ice 
•  CO2 ice 

Basic idea: 
•  Melt the H2O and CO2 

•  Increased greenhouse warms planet 
•  Seed with cyanobacteria to produce O2 



I. Warming Mars 
Need ~50 C of greenhouse heating 
 
800 mb of CO2 will do this (Zubrin & McKay) 

 
Melt the CO2 ice (6 x 1015 kg) 

–  Cover poles with 108 tons of carbon black (C. 
Sagan; 1973) 

–  Nuke the poles (E. Musk; 2015) 
Will ~ triple the atmospheric pressure 
 
Where is the other 97% of the needed greenhouse? 



II. Oxygenating Mars 
21% O2 in a 1 bar atmosphere is ~ 210 gm/cm2 

Mars needs f x 3x1020 gm (9 x 1020 moles) of O2 
f is the acceptable fractional partial pressure of O2 

 
Mars has lots of Oxygen 
•  Tied up in rust (Fe2O3) 
•  Tied up in CO2 

 



IIa. Oxygenating Mars 
2Fe2O3 è 4Fe + 3O2  

•  Requires 494 kJ/mole of O2 

Energy needed: f x 5 x 1024 J 
Total terrestrial energy consumption in 2012: 6 x 1020 J 
This is ~ 10000 x f years worth of energy consumption 
 
6CO2 + 6H2O è C6H12O6 + 6O2 (photosynthesis) 
•  Requires 478 kJ/mole O2 

•  Photosynthetic efficiency typically < 1% 
Energy needed: f x 5 x 1026 J 
Solar input: 3 x 1017 J/s over the entire planet 
Plants cover a fraction s of the planet’s surface 
Time needed: > 50 x f / s years 

 
 
 
 



Tailoring the Atmosphere 
•  More than about 10 millibars CO2 is 

toxic to humans 
•  How do you keep the greenhouse? 
•  How do you maintain the pressure? 
•  How do you maintain equilibrium? 



Are We the Martians? 
•  Mars was more hospitable to life early on 

–  Mars had a significant atmosphere and surface water 
–  Earth took longer to develop a solid surface 

•  How did microbial life evolve on Earth a mere 200 
million years after the Earth's surface solidified? 

•  Perhaps life evolved on Mars, and was carried to 
Earth on meteorites 





Landslide in Hebes Chasma 



Ski Mars 

This is water ice. 
CO2 snow is seen in the 
polar regions 



Endurance 
Crater 



Sedi-
mentary 
Rocks 



Curiosity and the  
Mars Science Lab: 

Wheels on the Red Planet 



Gale Crater 



Gale Crater wall 



Curiosity and the Mars Science Lab 



Point Lake 



Eroding Sandstone 



Foothills of Mt. Sharp 



More Illusions of 
Mars 



Was There Life on Mars? 

Mars has had running water, which implies 
• A warmer climate 
• A higher pressure atmosphere 

Mars probably froze about 3-4 Gya 
 
Could there have been life? 




