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Meteorites: Some definitions

Micrometeorites: size < cm
Antarctic micrometeorites (10-500 um)

Stratospheric Interplanetary Dust
Particles (IDPs, 1-40 um)

Meteorites: cm <size <100 m (?)
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Comets formed further away and are supposed to be more primitive than
asteroids (sampling unprocessed interstellar matter)




Jupiter

Flot prepared by the Minor Flanet Center (20081Jan.16)




Orgueil [Picture: M. Roumagnac]
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Gounelle, Spurny & Bland MAPS 2006



Gounelle, Spurny & Bland MAPS 2006




comparison to CI1 chondrites. In any case. independent of the
possible cometary origin of Orgueil and the results yielded by
the Stardust mussion. a continuum between asteroids and

comets 1s expected in our solar system. smoothing the
possibly provocative proposition that five cometary
meteorites are already present within terrestrial museums.

Gounelle, Spurny & Bland MAPS 2006
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Orgueil and other CI1 chondrites
suffered intensive hydrothermal
alteration
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Ices mantle

Organic mantle
Mineral core

Aggregate formed from interstellar grains

in the fringes of the early solar system
Size =10 um to 1 mm

Interstellar dust grain
Size = 0.1 um

Levasseur - Regourd 2006



Presolar SiC grains

Mainstream ~9=%
A+E grains 4-5%

Homne ~1%
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similar to presolar grains found
in the carbonaceous chondrites matrix
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* Programme Discovery

e 168.4 US $ (not including launch)

* First sample return mission from a solar system primitive body



Objective #1: To bring back cometary dust

Comparison with meteorites
Comparison with asteroids & comets
Cometary matter: Interstellar or solar?
Geological processes on cometary surfaces



Wild 2 |
Orbital EVOlutiOn /Uranus Orbit

Wild 2 Orbit
Before 1974 close
approach to Jupiter

Wild 2 Orbit
After Sept. 10, 1974
Jupiter encounter

(0.006 AU)

Jupiter Family Comet
4.5 km diameter
Discovered 1978 (Mr Wild)
T=6.39yr
Dynamical timescale ~ 10000 yr



Solar arrays Comet and interstellar
dust analyzer

Sample
Whipple shields NG - returnf

capsule

Star cameras Navigation camera

Delta rocket

Total weight : 385 kg
Fuel 85 kg

Landing module 45.7 kg l .

1.7 m



Sample collection (2 janvier 2004)

Comet Wild 2 . . 7" 0 gl

~_AV=6.1kmis



Silicon foam
99.8 % vacuum

130 aerogel parallepipeds 2 x 4 cm
Collection surface: 1000 cm2
A side: interstellar dust
B side: cometary dust



Back on Earth: January 15th 2006

Velocity entry ~ 46 400 km/h

T ..:2700C



~ 1000 grains with sizes > 5 um
~ 100 ug of cometary dust
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Optical Cratering

Composition

grownlee et al 2006; Zolensky et al. 2006 Keegan et aI P4
al. 2006; Flynn et al. 2006; Horziét al. 2006; Ke\er et al.2006
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2a error bars

Flynn et al. 2006
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Difficult to obtain
Roughly solar (Ci1)



Olivine, pyroxene, sulfides, metal
Melted aerogel
Similar to what is found in primitive meteorites



Spinel, Al-diopside, Anorthite, Gehlenite

A

Fe Sulfides
in Glass

Ti phase "

Zolensky et al. 2006

Vimadnn-L, , adges
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High T phase - important radial mixing in the Solar System



Qlivine +glass

Size of interstellar dust

Nakamura et al. Science 2008 .o x3300 WD 154mm  1gm
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Dobrica et al. Submitted
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McKeegan et al. 2006




Wild 2

1 km

Wild 2 dust was processed in the solar system (NOT interstellar)

Wild 2 dust looks alike carbonaceous chondrites & micrometeorites:
Continuum between asteroids & comets

Important radial mixing between the inner & outer solar system
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D asteroids (black dots) are implanted comets (red dots) during the Late Heavy

Bombardment
Levison et al. In press




Could asteroids look like comets?
C asteroids are different from D asteroids (and comets)
Not all comets are the same

Meteorites are a dynamical biased sample set
Less than a mg of Wild 2 dust : no bulk organics
Wild 2 dust is fragmented: no petrography
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R =5 AU, radius = 5km

Gounelle et al. 2008 in The Solar
System beyond Neptune (Eds
Barrucci et al.)
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Little hydrothermal alteration in Wild 2
Some (?) secondary minerals (phyllosilicates, carbonates) in Tempel 1
(Lisse et al. 2006)



Comment

Tempel 1 Borrelly Wild 2

Not all comets are the same
The surface of one comet was sampled




Table 1| Orbital parameters of 2008 TC; used to calculate the approach
path

Symbaol { r Value

ument of perihelion




Sample# FC 3,0,2,2,1
Hugues Leroux
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Phyllosilicates not found yet



-—-E-.rh',.ldruL. s Chondntic IDP§ ————
Hydraus C |DPs—s

.L-!ﬂ------ al. .

B % T 6% 60 B =0

En

Fe sulfide

- Fe-Ni
. sulfide

."-'.I::ll_l ndance

[ ]
200 nm

Fyroxene

=—Anhydrous Chondntic IDPs ————
- Hydraus O | Hs—e

Abumndance

r'-i_|}-'n-1—rm..

.

[=]

[a]

= Eu_;|_|_1|_|
Tr] E

Zolensky et al. 2006




TO04 U5, LIFE SCIEMCES SALARY SUBVEY. PAGE 1829 |

TR e J004
Brownlee et al. 2006; Zolensky

Science  somsazos zoe

B TR 1434 $10 2006; Sandford et al. 2006; Flynn
et al. 2006; Horz et al. 2006;
Keller et al.2006

AT COMET WILI¥ 2

AVAAAS



