
Life in our Solar System: Mars









Mars as a life bearing planet?
! Mars has been visited by some 18 probes over the last 50 

years and more will follow in the next decade.

! Why?

! As part of the general exploration of the Solar System.

! In addition, Mars offers one of the best environments in 

which to search for life in the Solar System.

! It is not the best possible habitat for life in the Solar 

System (some of the Jovian moons could be argued to offer 
that possibility)


! But it is one of the easier parts of the Solar System to 
travel to and land on.
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The Viking Biology Package

• Carbon Assimilation:  
– Expose soil to gases with 

radioactively labeled carbon, 
then pyrolize. 

– Negative result 

• Gas Exchange: 
– Mix water and wet nutrients 

with soil and analyze released 
gases 

– Negative result 

• Labeled Release 
– Feed radioactively labeled 

nutrients to martian microbes 
– Positive result 

• GCMS: Failed to detect 
organics in martian soil at ppb 
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The Viking Labeled Release Experiment

• Soil sample incubated with 14C-labeled 
formate, glycine, D/L alanine, D/L 
lactate, and glycolate 

• 14C in evolved gases is detected 
• Second application of labeled medium. 

Both responses are compared to heat-
sterilized control. 

• Result: 14C-labeled gas was evolved. 
Levels fell initially after the 2nd 
application, but then increased. No gas 
evolution from heat-sterilized samples. 

• Interpretations:  
– Met pre-mission criteria for positive 

detection of microbial life. 
– UV-produced oxidants (e.g., H2O2) lead to 

oxidation and gas release.









Mars is like Earth
Relative size (gravity)
Solar energy
Geology
Seasons
Length of day
Weather

Mars is not like Earth
Atmosphere
Surface temperature
Surface liquid water



The Elliptical Orbit of Mars



Seasonal variation of the ice-cap



The Atmosphere of Mars

! Mars has a very thin 
atmosphere


! It is made mostly of carbon 
dioxide (95%)

! it also has some nitrogen, 

argon, oxygen and water

! It is thick enough to 

support strong winds and 
huge dust storms



Global Dust Storms on Mars



Martian Dust Storm Activity



Elevations on Mars



Olympus Mons



The Habitability of Mars

! Mars is currently very cold and dry, and has little 
geological activity


! However, in the past, it appears to have been warm and 
wet, with active volcanoes


! Spacecraft which have visited Mars have found numerous 
lines of evidence that water flowed on Mars in the past, 
and may still trickle in places today





Current Mars Orbiters

Mars Odyssey

Mars Express Mars Reconnaissance Orbiter



Avalanches on Mars



A Dry Riverbed on Mars?



Riverbed at High Resolution



Gullies on Mars



Very Recent Gully Activity (MGS)
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Alluvial Fans at Mojave Crater
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MRO HiRISE
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A Distributary Fan in Eberswalde Crater







Hydrogen Content (from Mars Odyssey)
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A New Emphasis: Habitability



Rover Family Tree





Mars Rovers

! Spirit rover landed in Gusev 
Crater on Jan. 4, 2004


! Opportunity rover landed in 
tiny Eagle Crater in Meridiani 
Planum on Jan. 24, 2004


! Mars rovers are mobile 
geology platforms.


! Water driven geology.

! Panoramic cameras + thermal 

emission spectrometer.

! Two mineral analysis 

spectrometers and a 
microscopic imager.



Rover Landing Sites

! Gusev Crater may have been a crater lake in the past

! Meridiani Planum has an unusually high concentration of 

the mineral hematite







Opportunity looks back to its backshell 
and parachute
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Eagle and Endurance Craters
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Red = Dust + Sulfate Unit
Green = Hematite + Basalt + Dust 
Blue/Purple = Basalt (Plagioclase>Pyroxene>>Olivine) + Dust

Mini-TES Mineralogy



Meteorites on Mars
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Measuring Spherule Mineralogy
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Spherule Distribution

Volume distribution is 
more uniform than 

random, as expected 
for concretions
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Current Ripples On Earth

Courtesy of Dave Rubin, USGS



STScI Spring Symposium









Mars Phoenix



! Water ice in sub-soil

! Perchlorate in soil: sucks humidity 

from atmosphere, could form a 
low-T salty brine with water, used 
by Earth-based microbes as 
energy source.


! Water-ice clouds and snow 
detected in atmosphere. Seasonal 
snow dustings expected.


! Calcium-carbonate detected in 
soil: C02 + H20 + surface.

Mars Phoenix results:





Climate Change on Mars



Water on Mars

! Ancient water-driven surface features imaged from orbit.

! Surface distribution of water ice detected from orbit.

! Water-driven mineralogy detected by rovers.

! Small-scale water features detected by rovers.

! Internal heat loss led to a decrease in geological activity.

! No atmospheric recycling.

! Photolysis of H20 used up the atmospheric water vapour.

! Hydrogen was lost to space. Oxygen oxidised the surface 

rocks.



Ancient Mars?
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Methane In The Martian Atmosphere!

• Methane has been detected 
in the martian atmosphere 

• Distribution is temporally 
and spatially variable 

• UV photodissociation time 
for methane is very short, 
so there must be an active 
source. 

• Methane can be produced 
both biologically (e.g., 
bacteria) and abiologically 
(e.g., volcanism). 

• Implication: Mars is 
biologically or volcanically 
active. 
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ALH84001

• Very ancient (>4 Gyr) martian 
meteorite that contains: 

– Carbonate globules  

– Polycyclic aromatic hydrocarbons 

– Magnetite crystals similar to those formed 
by some terrestrial bacteria 

– Very small shapes that resemble bacteria 

• All these observations could be 
compatible with ancient martian life, 
but all could also have non-biological 
explanations











First steps to Mars?





Summary

! Mars possesses abundant water and sufficient solar energy 
to power life.


! Several big questions remain:

! Does water exist today in a liquid state - is it stable or 

short-lived?

! Where are the organics?

! Where is the methane coming from - MAVEN - Exomars?

! Finding fossils is a hit-and-miss process.


