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Immanuel Kant Pierre Simon Laplace
(1724-1804) (1749-1827)

Origin of the solar system:
collapse of an interstellar cloud (gas + dust),
planet formation in a rotating accretion disc
nearly circular orbits in the ecliptic plane, low
Inclinations




Star formation in
the Orion nebula:

Orion Nebula Mosaic HST - WFPC2

PRC95-45a - ST Scl OPO - November 20, 1995
C. R. O'Dell and S. K. Wong (Rice University), NASA




Mass rich stars first...




Protoplanetary discs in the Orion nebula
= 500 AU

Solar mass
stars still
Infant ...




Undisturbed discs
photographed as silhoue

(McCaughrean and O’Dell, 1996]

Protoplanetary Disks HST - WFPC:!

Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA




IR spectroscopy of protoplanetary disks: Mg silicates olivine+pyroxene —
crystalline fraction higher in inner disks (van Boekel et al. 2004)
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IR spectroscopy of protoplanetary disks: Mg silicates olivine+pyroxene —

crystalline fraction higher in inner disks (van Boekel et al. 2004)

Crystalline fractions in some
outer disks considerable,
similar to solar system comets
(Wooden et al., 2000)

Normalized emissivity

Dust processing in
disks and radial mixing
Into outer disks

Normalized flux (F,)
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Cometary grains from comet Wild-2 returned by the STARDUST mission

Refractory forster_lte graln

First results: Silicates (Olv, Px, Fs), glass, Fe-Ni sulfides, refractory
grains (An,Di,Sp) no phyllosilicates and carbonates in Wild-2 grains




Models taking into account annealing, evaporation, and condensation of Mg
silicates reproduce radial mixing of crystalline species into outer disk /comet
forming regions (Gail 2003)
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Planets in extrasolar systems: exotic  (observationally
biased), but they exist:

1995 2007 ~250 exoplanets found (radlal veIOC|ty va riations,

2006: 5.5; arth mass planet detected by grawtgtlon aI lensing
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Formation of planets in our solar system 4.5 Ga ago?

Geoscientists need rocks ! Eyewitnesses of planet formation

Problems:
Earth rocks: available, but young
tectonically active, suffered large scale differentati on processes
Other planetary rocks: no sample return  (except for Moon)

A Rocky Body Forms and Differentiates

(From Smithsonian National Museum of Natural History - http:/fwwaw. mnh.si.edu/earth/text's 1 4 0.html)




Oldest rocks:

Isua, Greenland (3.8-3.9 Ga)
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Oldest minerals:
Zirkons
Jack Hills, West Australia




U-Pb-Pb age of zirkons, Jack Hills, Australia: 4404 *4 Ma
(Peck et al., 2001; Wilde et al., 2001)
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Melilite
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Lee et al. 1976



Young et al. 2005
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H4 Chondrite (~650°C)

H6 Chondrite (~850°C)

)
Silikat + @
Fe-Ni Metall
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Cooling curves in a chondritic asteroid heated by%Al decay,
r=100 km, 26Al/ 27Al=4x 109, i.e. 2.5 Ma after Allende CAIs
(analytical model after Miyamoto et al., 1981)
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249py —fission track chronometry
(Laboratoire de Minéralogie du Museum d Histoire Ndtarde Paris)

* Activity of short lived ?44Pu ¢ ,,,= 80 Ma) in the early solar system produces
radiation damage (fission tracks) in phosphates (g. merrillite) and adjacent
silicates (e.g. orthopyroxene)

 Different retention temperatures (MRL: 390 K, OPX: 550 K) result in
different fission track densities if cooling sufftiently slow

« Typical corrections (in merrillite): cosmic ray tracks <7%, uranium fission
tracks <1%

Methodological improvements:

« Annealing of cosmic-ray-induced spallation recoil tacks in merrillite by
tempering at 290°C (1 h)

« Evaluation of OPX and MRL retention temperatures (annealing experiments)

e Integration of relative 2*4Pu time scale and absolute K-Ar time scale

e Counting of up to 70 crystals/meteorite

« Correction for mineral-specific registration efficiencies
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Main Earth
mass (~63%)
after 12 Ma

Mars: 99%
after 10 Ma,
63% after 2-3
Ma

Cosmochemical
constraints; 182Hf- 182\

Kleine et al., 2002; Yin et al.,
2002; Halliday et al., 2004

Earth: complete core
formation means complete
(~99% ) accretion
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