
1

G-100 
Lecture

The Early 
Earth,  
Planets,
& Life

Collision of Earth with Mars-sized body 4.5 b.y. 
ago melts Earth (magma ocean); forms moon
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Location of impact craters on Earth

Ages of meteorite bombardment comes from 
radioisotopic dating of moon
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Life had a tough beginning

Origin of the 
atmosphere and 
ocean

Icy comets?

Outgassing of 
Earth's interior by 
way of volcanism?

Liquid water: perhaps as early as 4.4 billion years 
ago; certainly by 3.8 billion years ago
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Oldest evidence for photosynthesis: 3.8 billion 
year old rocks, SW Greenland

Carbon isotope ratio: 13C/12C indicates 
photosynthesis in Archean rocks

Photosynthesis

• metabolic process
• converts solar 

energy+H2O+CO2 into 
sugar and O2

Microbes take      
charge!
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Microbial mats
in Archean and 
Proterozoic rocks

Chemoautotrophs & Chemoheterotrophs can 
live on rocks

Microbial metabolisms

Producers-make own food

Consumers-feed on producers

Iron respiring 
bacteria on 

iron oxide mineral 
(hematite Fe3O4)
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Apex chert, NW Australia; 3.4-3.5 b.y. old
oldest photosynthetic bacteria fossils?

HADEAN

• hot surface (475 oC)
• CO2, H2SO4

atmosphere
• atm. pressure high
• covered by lava flows
• "flake" tectonics, 

• vigorous, shallow 
convection

• cool surface (-100 oC)
• CO2 atmosphere
• deep canyons
• large volcanoes
• evidence for liquid water 

at surface >3.5 b.y. ago
• amenable to life?
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Mars Exploration Rovers (Spirit) June 2003-today!
http://www.jpl.nasa.gov/videos/mer/mer20070104/mer20070104-480.mp4

Viking lander (1970’s): dry river channel networks

Mars Express orbiter: dust covered frozen sea
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Mars Exploration Rover (Opportunity) 
landing site: plains with hematite

Mars Exploration Rover (Opportunity) 
sulfate-rich sedimentary rock

Mars Exploration Rover (Opportunity) 
stratigraphy of Endurance crater


