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Searching for ancient life on Mars with the 
Curiosity and Perseverance Mars rovers
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Life on Mars: Not a new idea
•

New York Times, 9 December 1906 

New York Times, 27 August 1911
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View from Viking: A “dead” world

•  
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1996: Ancient martian life discovered in 
meteorite?
“Today, rock 84001…speaks of the possibility of life. If this discovery is confirmed, it will surely 
be one of the most stunning insights into our universe that science has ever uncovered.” 
 – President Bill Clinton, 1996
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Why do we care if there are/were Martians? 
Are we alone?
• Are we unique?
• Are we special? 

Where did we come from?
• How does life develop?
• How conducive to life is 

Earth?
Hello?

We can test hypotheses on Mars
Most Earth-like of our neighbors
Similar histories, compositions
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Mars was habitable at the right time—but was it 
ever inhabited?

• Mars surface rocks are old compared to Earth’s
• On Earth, microbial life developed early 
• Mars was habitable when Earth life was abundant

• Ancient rocks provide window into deep past
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Dinosaurs, 
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Today

We can learn about 
our own origins by 

studying Mars
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How can we identify ancient life in rocks? 

• Need multiple lines of evidence
• Hard to assess remotely with spacecraft instruments
• Samples in lab can be repeatedly analyzed, saved for future analyses 

Potential
Biosignatures

Organic molecules Minerals

Micro structures & textures

After Carrier et al., 2020

IsotopesChemistry

Macro structures & textures
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Our Mars rover family
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Wavelength
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Harrison, sol 514

~5 mm

Collaboration between U.S. + France
With contributions from Canada, Denmark, and Germany

The ChemCam instrument

LIBS chemistry RMI context image

Chemistry

High-resolution images

Laser-induced breakdown spectroscopy 

Remote Micro Imager
1,000,000 laser shots to date (!)
6,000+ images
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• Drove over a rock “Convict Lake” and broke it
• Revealed bright yellow mineral
• Confirmed to be sulfur with chemistry measurements

Curiosity discovers elemental sulfur
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What does all this sulfur mean?

• Reduced from surrounding environment  redox disequilibrium 
• Multiple mechanisms of formation on Earth: volcanoes + organic material + microbes
• Opens up many intriguing possibilities!

S2- S0 S6+

Reduced Oxidized

Small amounts in meteorites + on Mars
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Abundant on the martian surfaceFirst time observation

Sulfide – elemental sulfur – sulfate
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The SuperCam instrument
Collaboration between U.S., France, Spain

What can SuperCam do?

Chemistry

Mineralogy

High-resolution images

Microphone

Raman spectroscopy

Laser-induced breakdown spectroscopy (LIBS)

~size of large shoebox
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A potential biosignature on Mars?
Announced on July 25, 2024 

New results from Perseverance! 
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A rock named Cheyava Falls
• Contains

• Organic molecules
• Minerals

• Formed in water
• Micro structures & textures

• “Leopard spots”  
reduction? 

• Veins
• Chemistry

• Sulfur, Phosphorus (CHNOPS)

Is this a sign of ancient life? 
We’ll need to bring it back to Earth to be sure!
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Mars Sample Return mission (TBD)
Perseverance is first of a three-part mission

1
2

3

4

5

6
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Backup
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Looking for 
Habitability:

Identify past environments capable of 
supporting microbial life: H2O, organic 
materials

Assessing 
Geology 
and 
Climate:

Determining processes that shaped the 
surface (past and present)

Preparing 
for Humans:

Assess surface environmental conditions 
(radiation, temperature)

Goals of the NASA Curiosity Mars rover
To assess the past and present habitability of Mars

Curiosity has been roving Mars for 13 (Earth) years!



Searching for ancient life on MarsScience, Technology, & 
Telecommunications CommitteeDr. Nina Lanza | 29 July 2025 18

Goals of Perseverance

Looking for 
Habitability:

Identify past environments capable of supporting 
microbial life

Seeking 
Biosignatures:

Seek signs of possible past microbial life in those 
habitable environments, particularly in rocks known to 
preserve signs of life over time

Caching 
Samples:

Collect core rock and "soil" samples and store them on 
the martian surface for future return (planned 2033*)

Preparing for 
Humans:

Test oxygen production from the martian atmosphere, 
assess environmental conditions

O2

To seek signs of ancient life on Mars + bring back 
samples
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Life in the past verses present
Where do we look and what do we look for? 

• Current search focused on potential past life
• What does life leave behind? Where?
• How does it change over time?

• Mars today is less habitable than it has been in the past
• Must ask different questions about potential present life 

• Where are present-day “oases”?
• Conditions are more hospitable than average

We are looking for ancient life with our current Mars missions
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What is redox chemistry?
Reduction + oxidation
• Transfer of electrons between species

• Oxidized = lose e-

• Reduced = gain e-

• Requires energy
• Photons (light)  photooxidation, photosynthesis
• Reactive oxygen species  microbes

• Sensitive to environmental conditions
• Eh (oxygen), pH

• Some elements have multiple oxidation states
• Fe2+ (reduced), Fe3+ (oxidized)

• Changes number of valence electrons 
available to form bonds

• e.g., FeO (wustite) vs Fe2O3 (hematite)

Photosynthesis is a redox reaction

Sugar

Redox state determines bond  mineralogy  tells us about environmental 
conditions

Microbes often produce redox disequilibria
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