
Mars 



The Planet Mars 

Mars is noticeable 
• It moves fast 
• It is bright at opposition (0.5 AU) 
• It is red 

 
• 1.5 AU from the Sun 
• Period=687 days 
• 0.1 ME, 0.5 RE 
 
Mars is associated with the gods of war in many 
culture - Ares and Mars in western tradition -  
perhaps because it is the color of blood 



The Moons of Mars 

• Phobos (Fear) 
13x11x9 km 

• Deimos (Terror) 
8x6x5 km 



The Mystery of Mars 
Viewed through a telescope: 
• Mars has white polar caps 
• Mars has dark (greenish) and bright (red) features 
• The features change with the Martian seasons. 
• Mars has dust storms 

Photo made from Pic du Midi Observatory 
1m telescope 
18 November 2007 
Mars near opposition, diameter: 13.9” 
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 
Lowell created a mythos of Mars as 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. 



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 
 



The Illusions of Mars 
We now know that this mythos is based on two  
optical illusions.  
 
1.  When confronted by a disordered pattern of dots, 

the brain attempts to provide order.  When these 
dots are blurred as seen through a telescope, we 
tend to connect the dots, which results in apparent 
linear features.  

2.  Dark grey, when viewed next to red, appears green.  

Mars is not a red planet with green outlining canals. 
Mars is a red planet with dark grey regions.  
The brain is not an objective observer! 



The Dream is Smashed 

Mariner 4, 1965 



Mariner 6, 1967 
Meridiani Sinus and 
Deucalionis Regio 

Mariner 9, 1969 
Rilles in Mare 
Sirenum 



 Views of the Red Planet 



  



  



  



 The Red Planet Up Close 
We have now viewed Mars from orbit 

• Mariner 9 (1969) 
• Viking (1976) 
• MGS (1997-2006) 
• Mars Odyssey (2001- 
• Mars Express (2004- 
• MRO (2006- 
• Maven (2014- 

and from the surface 
• Viking (1976) 
• Pathfinder (1997) 
• Spirit and Opportunity (2004- 
• Phoenix (2008) 
• Curiosity (2012- 



Driving across Mars 



 Volcanos 

Olympus Mons 



 Weather 
çDust 
devil and 
shadow 

Dust devil 
in Gusev 
crater 



Dust Devils on Mars 
•  Caused by convective heating of lower 

atmosphere 

•  Elapsed time: 9m 35s 



Frost 
Frost in Lowell craterè 

çFrosty morning in 
Utopia Planitia 
 
(Viking lander, 1976) 



Weather 



Clouds 
Mist in Valles 
Marinerisè 

Ice clouds 



Running Water 

Dendritic Channels 



Running Water 



Landslide in Hebes Chasma 



Hole on Mars 

35 m across;  20 m deep 
   on Pavonis Mons  



Sedimentation 



Snow on 
Mars 

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



More Evidence for Water 

Concretions: hematite spherules formed in the 
presence of water. 



More Evidence for Water 

Icebergs? 



Endurance 
Crater 



More Evidence for Water 

Sedimentary layerings with salt residues 



Sedi-
mentary 
Rocks 



Ingredients 

Mars has (or had): 
• Running water on the surface 
• Tectonic activity 

 
Could it have supported life? 



The Search for Life on Mars 

The Viking Landers had 3 astrobiology experiments: 
 

• PR: (Pyrolytic Release Experiment) 

• LR: (Labeled Release Experiment 

• GEX: (Gas Exchange Experiment) 
 



Pyrolytic Release 

1.  Soil sample incubated with labeled 
CO2 and CO.  

2.  Xe lamp simulates sunlight. 
3.  After 5 days: 

•  Atmosphere is removed, 
•  Sample is heated to 625C 
•  Gases examined for C14 

radioactivity 



Labelled Release 

1.  Soil sample moistened with nutrient 
solution labelled with C14 

2.  Incubate for 10 days 
3.  Examine gases for C14 



Gas Exchange 

1.  Soil sample submerged in nutrient 
solution. 

2.  Incubated 12 days in simulated 
Martian atmosphere 

3.  Look for released CO2, O2, H2, N2, 
CH4 



Viking Results 

Experiment       Expected                        Observed  
                     (if life)          control                         control 
PR                O2 or CO2     nothing     O2                O2 
LR                 C14 emitted  nothing     C14 emitted  nothing 
GEX              C detected   nothing     C detected  C detected 

The fact that the control samples give positive results 
suggest non-biological processes. 
 
Highly reactive oxides and superoxides, when 
exposed to H2O, can mimic these reactions. 



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)  



Methane on Mars 



The Phoenix Lander 



The Phoenix Lander 



The Phoenix Lander 



Phoenix 

May 25 2008: Landing on a patch of ice. 



The Phoenix Lander 



Curiosity and the  
Mars Science Lab: 
Wheels on Mars 



Gale Crater 







Gale Crater wall 



Curiosity and the Mars Science Lab 



Point Lake 



The Destination 



Eroding Sandstone 



Evidence of Running Water? 



Making Tracks 



Making Tracks 



Foothills of Mt. Sharp 





Illusions of Mars. II. 





Comet Siding Springs Nucleus 

From MRO/HiRISE. Radius ~ 0.5km. Pair of images 9 
min apart; lower pair overexposed to show coma. 
http://news.discovery.com/space/astronomy/nasa-mars-orbiter-beams-back-
images-of-comets-tiny-nucleus-141020.htm 



A Face on Mars? 



The Face on Mars 

More recent images with better cameras (MGO) 



More Illusions of 
Mars 



Life on Mars today? 

•  There is no macroscopic life 
•  There is no permanently running water 
•  The atmosphere is about 0.001 bar 

•  Mars today is old, cold, and dry 



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? 



ALH 84001 
An SNC meterorite 
discovered in 
Antarctica in 1984. 
 
Rocky matrix is 4.5 
Gyr old. 
Evidence for liquid 
water at 3.6 Gyr 
 
Ejected from Mars 
16 million years 
ago; fell to Earth 
13,000 years ago. 



Fossils in ALH 84001? 
Possible evidence for life includes: 
 

• shapes in the rock 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 



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 




