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With only a few exceptions, each of these reservoirs
is made up of different set of elements.

This impliesCHEMICAL DIFFERENTIATION




CHEMICAL DIFFERENTIATION

--large-scale separation of chemical elements
on the basis of their physical and chemical properties,
by a variety of processes

Solar System Sun
Inner rocky planets
(Mercury, Venus, Earth, Mars, asteroid belt)
Outer gas-giant planets
(Jupiter, Saturn)
Outer ice-giant planets

(Uranus, Neptune) Our Solar System: sizes are to scale; distances are not!
Earth: *Core of iron Innerrocky planets: Mercury, \enus, Earth, Mars, asteroid belt
*Mantle and crust of rock Outergas-giants Jupiter, Saturn
Oceans Outerice-giants Uranus, Neptune
Atmosphere (Pluto is rocky and about the size of Earth's Moon.
(*How do we know? Meteorites, bulk density, seismic waves, sag)pli It was probably captured from outside the (inner) Solar System.)

Eight most abundant elements account

Our Solar System, t le.
ursolar system, fo scate for ~99% of total Earth mass.

The inner rocky planets lie close to the Sun.

Note the irregular orbit of Pluto, which makes it . 0 0
sometimes the®planet and sometimes thé&! 8 Sun: 75% H and 23% He




First stage of contracting system

Fe

Next stages.... The Final Product;

Warm temperatures allow only

metal/rock “seeds” to condense

in the inner solar system. | l r O ar ySte I I l
Cold temperatures
allow “seeds” to

contain abundant ice
in outer solar system.

Hydrogen and helium remain
gaseous but other materials can
condense into solid “seeds” for
building planets.

Terrestrial planets remain Gas giant planets remain
in inner selar system. in outer solar system.

“Leftovers” from the
formation process become
asteroids (metal/rock) and
comets (mostly ice).

Terrestrial planets are built from
metal and rock.

The seeds of gas giant planets
grow large enough to

attract hydrogen and helium
gas, making them into

giant, mostly gaseous
planets; moons form in disks

of dust and gas that
surround the planets. 15 Brooks/Cole - Thomson

Solid “seeds” collide and stick
together. Larger ones attract
others with their gravity, growing
bigger still.

Not to scale




CHEMICAL DIFFERENTIATION:
VOLATILE ELEMENTS AND COMPOUNDS:

--those that tend to form gases, even at relatively low teroperat

H, He, O, N, and the noble gases He, Ne, Ar, Kr, Xe, Rn
H,O = water

CO, = carbon dioxide

CH,; = methane

NH3z = ammonia

--enriched in the gas giants: Jupiter, Saturn, UranupiuNe

REFRACTORYELEMENTS:

--those that tend to form solids, even at relatively higlpéature:

Ca, Al, Ti: condense at 1500 to 13Q0
Fe, Ni, Co, Mg, Si: condense at 1300 to @0
(H,O = water: condenses below 2G)

--enriched in the rocky, or terrestrial, planets: Mercuepug, Earth, Mars
(and the asteroid belt, which is a rocky planet that failed to form)

Origin of the Sun and Earth:
The Solar Nebula and planetesimals

e Show 10-min. video clip here:
» “The Miracle Planet”, Part 1.

As a result of
collisions,
planetesimals
accrete.

This process
ultimately forms
Earth and the other
rocky planets.

Small planetesimals
form within <1 m.y.
(10,000 years?),
then accrete
catastrophically
over 10-100 m.y.

to form planets.




Planetesimals were cold prior to
accretion as Earth:

Accretion was rapid (30-50 Myr):

planetary embryos

from all over the inner Solar
System

Hypotheses for Formation of the Moon

Capture Fission

Simultaneous accretion Impact




And the winner is

. impact!

One large and
late
impact (by a
body about the
size of Mars!)
formed Earth’s

Canup (2004) Icarus 168:433

Moon.
SPH Within
modeling of 3-5h of impact,
th llisi the core of the
e collision impactor
between contracts into a
Theia and semi-coherent
Earth body, which
recollides with
the target at
Doe§ Earth ~6h, removing
have its water most of the Fe
by this time? from orbit.
The collision >70% of the
is ~45°off- Moon comes
center. from the
impactor.

Canup (2004) Icarus 168:433




Age of the Earth: |

e Moon:

1) Highland crust (formed from magma ocean)

is ~4.46 Ga.
2) Major comet/asteroid impacts are ~4.5-3.9 Ga.
3) Melting of interior and eruption of

Mare basalts ~4.3-2.0 Ga

Age of the Earth: Il

2) Accretion (incl. Moon) complete by 4.5 Ga.
3) Oldest minerals (zircons) from much

younger sedimentary rocks in W. Australia:
4.30 Ga.

4) Oldest rocks: Acasta gneiss
(NW Canada): 4.03 Ga.

Other rocks from Greenland, W. Australia,
Antarctica, China, Wyoming are 3.80~3.96 Ga.

4.03 billion-year-old
Acasta GneissNW Canada: oldest known intact piece of Earth’s surfac:

Age of the Earth: Il

» Oldest rocks from the seafloor are only ~170 Ma.

WHY?




Bowls, 16 July 2004




