The terrestrial planets build up by
multiple collisions and accretion of
planetesimals by gravitational attraction.
Giant outer planets grew by gas accretion.

wughly spherical,
ing nebula begins

Solar system

1 During middle to late stages of 2 ...and the glant impact quickly propelled
Earth's accretion, about 4.5 billion 5 shower of debris from both the impacter
years ago, a Mars-sized body and Earth into space.
impacted the Earth.

4 Earthre-formed 5 o0 eke Moon aggre- & Moon rocks 4.47 billion years
Earth's rotation as a largely gated from the debris, _  old brought back by the
Earth's orbital p o Apallo astronauts suppart
this impact hypothesis.

Figues 54
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Collision of Earth with Mars-sized body 4.5 b.y.
ago melts Earth (magma ocean); forms moon




Location of impact craters on Earth

Ages of meteorite bombardment comes from
radioisotopic dating of moon

Iron Lighter Crust Mantle Liquid iron outer
matter (0-40 km) (40-2890 km) core (2890-5150
km)
Solid iron
inner core
(5150-6370
km)

During differentiation, iron sank to
the center and lighter material floated

Figuure 35
Uinderstersdinn Erth.
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Late Heavy Bombardment

Earliest isotopic evidence
of life on Earth (-3.8 Ga)

Impact rate

Earliest fossil evidence
of life on Earth (-3.5 Ga)
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Life had a tough beginning

Escapes to space
itz P To atmosphere

é’ g Origin of the
15 saide » To atmosphere
- [:;m atmosphere and

ocean

Icy comets?

Outgassing of
Earth's interior by
way of volcanism?

= - T .
Liquid water: perhaps as early as 4.4 billion years
ago; certainly by 3.8 billion years ago




year old rocks, SW Greenland
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Geologic Tine (Ga)

Carbon isotope ratio: 13C/*2C indicates
photosynthesis in Archean rocks

Photosynthesis

» metabolic process
 converts solar
energy+H,0+CQO, into

5 .
:;%& /.

BH;0 4 B00; ———=  CyHy04 + 60y L

| ener + Carbon donide — Glucone + Oxygen sugar and O,
TR ™ TR et .

Microbes take
charge!




IModern stromatolites in A cross section of this
Shark Bay, Australia, grow in stromatolite reveals
the intertidal zone. layering similar to that
W ol seen in ancient
stromatolites.

Ancient stromatolites (over 1
years old) in cross section form
northern Siberia, Russia.
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Microbial mats
in Archean and
Proterozoic rocks

Microbial metabolisms

Producers-make own food

| EZTTNIEN  Organisms as Producers and Consumers

Type Energy Source Carbon Source Example
Photoautotroph Sun o, Cyanobacteria
Photoheterctroph Sun Organic compounds Purple bacteria
Chemoautotroph Chemicals €0, H. 5, Fe bacteria
Chemoheterotroph Chemicals Organic compounds Most bacteria, fungl, and

animals, including humans|

Chemoautotrophs & Chemoheterotrophs can
live on rocks

Iron respiring
bacteria on
iron oxide mineral
(hematite Fe;O,)




Apex chert, NW Australia; 3.4-3.5 b.y. old
oldest photosynthetic bacteria fossils?

4400 Ma 3900 Ma
Oldest Earth minerals Late Heavy Bombardment

Core-mantle differentiation

complete 4000 M, 3900-3800 Ma
Oceans form on Age of Mars's ancient cratered
piiserd Earth, liquid water terraing
perseneei 4400 o Wl 3900-3500 Ma
et Age of lunar highlands Age of Vallis Marineris on Mars
L

4000-3200 Ma ——
Age wlf basalts in lunar maria

3500 Ma
End of abundant Ilr1|nld water on
Mars: youngest sedimentary rocks?

200-100 Ma
@ of youngest lavas on
Olympus Mons velcano, Mars

Figurs 313

« hot surface (475 °C)
«CO,, H,S0,
atmosphere
« atm. pressure high
« covered by lava flows
« "flake" tectonics,
« vigorous, shallow at surface >3.5 b.y. ago
convection « amenable to life?

« cool surface (-100 °C)

« CO, atmosphere

« deep canyons

« large volcanoes

« evidence for liquid water




Mars Exploration Rovers (Spirit) June 2003-today!

Mars Express orbiter: dust covered frozen sea




Mars Exploration Rover (Opportunity)
landing site: plains with hematite

Mars Exploration Rover (Opportunity)
sulfate-rich sedimentary rock
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Figura 336
Unferitaeding Earth, Fifth Fditon
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Mars Exploration Rover (Opportunity)
stratigraphy of Endurance crater




