
Origins of the Solar 
System, Earth, Oceans 

and Atmosphere

Precambrian Time Scale

❖ Universe is between 13 and 14 Ga old, with 
estimates between 10 and 20 GA

❖ Solar System is about 4.6 Ga old

❖ Earth is about 4.6 Ga old

❖ Oldest terrestrial rocks are about 4.3 Ga old

❖ Precambrian represents about 88% of earth’s 
history

Phanerozoic 
Eon

(543 mya to 
present)

Cenozoic Era
(65 mya to 
today)

Quaternary (1.8 mya to today)
       Holocene (10,000 years to today)
       Pleistocene (1.8 mya to 10,000 yrs)
Tertiary (65 to 1.8 mya)
       Pliocene (5.3 to 1.8 mya)
       Miocene (23.8 to 5.3 mya)
       Oligocene (33.7 to 23.8 mya)
       Eocene (54.8 to 33.7 mya)
       Paleocene (65 to 54.8 mya)

Phanerozoic 
Eon

(543 mya to 
present)

Mesozoic Era
(248 to 65 
mya)

Cretaceous (144 to 65 mya)
Jurassic (206 to 144 mya)
Triassic (248 to 206 mya)

Phanerozoic 
Eon

(543 mya to 
present)

Paleozoic Era
(543 to 248 
mya)

Permian (290 to 248 mya)
Carboniferous (354 to 290 mya)
       Pennsylvanian (323 to 290 mya)
       Mississippian (354 to 323 mya) 
Devonian (417 to 354 mya)
Silurian (443 to 417 mya)
Ordovician (490 to 443 mya)
Cambrian (543 to 490 mya)

Precambrian 
Time

(4,500 to 543 
mya)

Proterozoic 
Era
(2500 to 543 
mya)

Neoproterozoic (900 to 543 mya)
       Vendian (650 to 543 mya) 
Mesoproterozoic (1600 to 900 mya)
Paleoproterozoic (2500 to 1600 mya)

Precambrian 
Time

(4,500 to 543 
mya)

Archaean
(3800 to 2500 mya)
Archaean
(3800 to 2500 mya)

Precambrian 
Time

(4,500 to 543 
mya)

Hadean
(4500 to 3800 mya)
Hadean
(4500 to 3800 mya)

Origin of the Solar System

Pluto - RIP
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All planets revolve around Sun counterclockwise

All planets except Venus rotate on axis counterclockwise

All planets orbits lie in plane of ecliptic

Axes of planets except Uranus perpendicular to ecliptic

Compositional variation (Inner planets - Terrestrial; Outer 
planets - Gaseous)

Any theory for the origin of the solar system, must 
explain the main observable features of the solar 
system:

Gas Giant
Interior

The
Earth’s
Interior
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Laplace-Kant
Nebular Theory (1775)
Spinning cloud flattens to disk/concentric 
rings to form planets.

Explains why all planets revolve and rotate 
in counterclockwise direction within the 
ecliptic plane

Flaw: Law of conservation of angular 
momentum indicates that the Sun would 
have to rotate more rapidly than it does (25 
days) after collapse of the primeval dust 
cloud

Planetesimal Theory
Buffon (1745)
Moulton/Chamberlin (1900)

Problems: such events are extremely rare.  Also material is 
so hot that it would dissipate into space and not accrete.

Modern
Nebular
Theory

90% mass is concentrated in the center with rest occurring in solar nebula.
Compression at center raised T>106 K- Sun formed when H/He burning 
initiated.
Turbulence/eddies in solar nebula led to formation of planetismals
Anomalous rotation directions/axis tilts explained by collisions between 
planetismals as planets formed
Compositional variation among planets is related to distance from Sun-

Hot inner portion of nebula, rock and metallic elements condensed out 
first, at high T. - Result: inner planets are "terrestrial" in composition.
Outer portion of nebula is cooler, so gaseous phases such as H, He, 
methane, ammonia condensed out. Result outer planets are "Jovian" in 
composition.

Sun’s magnetic field interacted strongly with ionized nebular gases- resulted in 
loss of solar rotational speed.
Early in life, Sun emitted a large blast which blew away uncondensed material.
Asteroid belt formed because tremendous gravitational field of Jupiter 
prevented planetismals from accreting into a planet.
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Collapsing
Nebula

Origin of the Planets

Cold Protoplanet
Start with a cool and solidified Earth of 
uniform composition

Compression & short-lived radioactive 
isotopes heat interior

Heavy metals (Fe/Ni) melt and sink to 
the core

Light elements (Ca/Na/K) and silicates 
float to form mantle and crust

Problem: Unlikely that enough heat 
could be generated to remelt the Earth

Core/mantle/crust condensed in sequence

Ni/Fe condense at higher T than silicates 
to form the core

Ca/Na/K, silicates condense at slightly 
lower T to form mantle and crust

Hot Protoplanet
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Meteorites
Meteorites are material left over from the creation of the solar system 
and have ages of 4.4 to 4.6 Ga.

For the first 700 Ma the earth was probably subjected to major meteorite 
bombardment as the solar system was cleared of remaining pieces of 
solid material not already assimilated into planets or moons.

Evidence for this:

Lunar maria are huge basalt flows representing impact scars of huge 
meteorites

Rest of moon scared by smaller meteorites

Dates of rocks associated with large lunar craters are 4.0 to 4.6 Ga.

Why no evidence on earth?

The Origin of the Moon
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Origin of The Earth’s Crust

Earth’s Early Crust

Oceanic Crust Continental Crust

First appearance About 4.5 ga About 4.0 ga

Where formed Ocean ridges Subduction zones

Composition Komatiite-basalt Tonalite-granodiorite

Lateral extent Widespread Local

How generated Partial melting of ultramafic rocks 
in upper mantle.

Partial melting of wet mafic rocks 
in descending slabs.

Structure
of the

Continental
Crust
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Craton Anatomy

The Age
Structure

of the
North

American
Craton

25

26

27

28



Origin Oceans and 
Atmosphere

Origin of the Oceans

Outgassing - gases released from volcanic vents - remained as water vapor to create 
clouds, eventually rain

Comets - primarily tiny ice comets (~ meters in diameter) collided with earth - by 
4.0 Ga the earths surface cooled enough for water to exist primarily as a liquid.

Primary atmosphere
Probably hydrogen and helium
Stripped away by solar wind

Secondary atmosphere
Formed by degassing from volcanoes
H2O - 50% - 60%
CO2 - 24%
SO2 - 13%
CO
S2
Cl2z
N2
H2
NH3
CH

Early Atmosphere

Modern Atmosphere

CO2

Argon

All others
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Origin of the Atmosphere
Archean

Incredible outpouring of igneous rocks. Hundreds of thousands 
of cubic miles of granitic and basaltic rocks.
Early on sedimentary rocks are rare, but when they first start to 
appear they are “dirty”, i.e. no multicycle sedimentary rocks.
Early in Archean there are no evaporites such as halite, gypsum 
or anhydrite.
Pyrite (FeS) and Uranite (US) are present in shallow water as 
detrital grains, so they were forming at the surface.
Starting about 3.5 Ga we see the first carbonate rocks, the 
stromatolites. These are formed during the growth of blue-green 
algae (cyanobacteria). These are photosynthetic, so it is the first 
evidence of release of O2.

Stromatolites

Archean

Starting about 3.1 Ga we see the first Banded Iron Formations 
(BIFs). BIFs are cherts that contain alternating bands of 
oxidized iron (FeO) and bands that contain unoxidized iron 
(Fe+) and minerals that cannot form in the presence of free 
oxygen.

Proterozoic (2.5 Ga to 5.4 Ma)

2.5 Ga - First evidence of glaciation

2.7 Ga - First evidence of eukaryotes (biomarkers in ancient oil)

2.7 - 2.4 Ga - Great increase in stromatolite diversity and 
abundance. Indicates a much greater influx of oxygen into ocean 
water.

2.4 - 2.3 Ga - Last surface pyrite and urinate crystals.  Also time of 
last abundant BIFs.

2.1 Ga - First eukaryotic body fossils - Grypania

2.0 Ga - First terrestrial red beds. These are fluvial and lacustrine 
shales in which abundant iron appears in the oxidized form. These 
indicate the first ‘abundant’ atmospheric oxygen and may be 1% to 
3% of PAL.
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Proterozoic (2.5 ga to 5.4 ma)

1.9 Ga - First widespread, large-scale carbonate deposits and 
first abundant clean quartz sandstones.

1.6 Ga - First abundant terrestrial red beds.

1.6 Ga - End of the BIFs.

1.4 Ga - Sedimentary sulfates (such as gypsum) begin to appear 
in the record.

0.6 - 0.5 Ga - Stromatolites sharply decline in abundance.
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