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» The protoplanetary disk

= Micrometeorites

= The CONCORDIA collection

= Ultracarbonaceous micrometeorites
principal properties
cometary origin
a new window on the protoplanetary disk
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The first 10 Myr: astrophysics

fit to L-band data
e |RAC data
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||The first 10 Myr: cosmochemistry

NWA 2086

First solids in the solar system:
CAls and chondrules
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Chronology of planet formation

[Myr]

Molecular clouds and unstable cores
\Blitz & al. 2006, Alves & al. 2001)
Embedded protostars

Jels and oulflows comman
(Bally at &l 2006; Ray af al. 2006

Massive accreion disks

Taunis—Auniga (age spread) 0—4 Myt
Radial disk rudwres and gaps defaclad

1 348 and Chamaglaon | s Fomming eoions
2 Myr, warm dusl disks around ~50-65% of gars

{Luhman 2008)

Low-mass disks with evolved dust

Uppear Scoplus Asscclalon

(5 +3 Myr, iso: Slesnick & al, 2008)
Warm dust around - 1Fa of young dars
Ela Cha asaocialion

{12+ B Myr, Li: Mentuch & al. 2008)

T H_.'.a assccialons

{12+ 8 Myr, Li: Mantuch er al. 2008;

B +1 My, dyn: de la Fleza e al 2008)

Dabris disks (Meyer & & 2007, Wyall & al. 2008)
Bet FioGmoup (11 Myr, dyn:de la Reza ef al, 2008)

H_ @ mass < 1 Jupllar mass (Pascuccl ef al. 2007)

Tuc—Har f_'.r.up:
{27+ 11 Myr, Li: Mentuch af &l 2008)

AB Daor L;r-:-up
(=48 Myr, Li: Menluch ef al 2008,
118+ 20 Myr, dyn: Orlega & al. 2007)

Planets around =>10=30% stars
{Udry & Santoe 2007, Mayor & al, 2009)
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100

— T,=1: Suparnova injects radionuclides
a1 MG Ca™ M Fe inilal 55 abundances
Culete atal, 2007, Mostetaoul ef al. 2005)

— T,: Earliest CAl formation
Ph—Phb ages of Efremovka CAls: 4567.2 + 0.6 Ma
{Amelin e al, 2002)

T, + 0.1: Latest C Al formation
Fb—Pb ages of Allende CAls 45671 £ 0.2 Ma
{Connely & al. 2008)

_—T,:, + 1: Formation of magmatic iron meteorites

TS24k 1.5+ 02 My younoer than GAl
(Bizzam af al. 2008 On af al 2008)

T, + 2: Peak of chondrule formation
AL 2 & 1 Myr younger than CAl (Kila e &l 2005)
Pb-Pb of Acfer 084 chondrules: 4564.7 + 0.6 Ma (Amain & a. 2002)
T, + 3: Formation of basaltic eucrites ( Asteroid Vesta)
Al 34 £0.2 Myr younger than GAl
{Bizzaro & al, 2005)
Ty + 4: Latest chondrule form ation
Pb—Fb ages of CB chondrite chondrdes: 45628 + 0.9 Ma
(Kol et al. 2005

L T, + 10: Formation of basaltic angrites
Pt—Ph: 4558, 6.+ 0.2 Ma (Amelin 2007)
“Mn: 10 £ 2 Myr youngarthan CAL (Yin et al 2007)

Ty + 13: Formation of Mars
"EHE 13+ 2 Myr younger than CAl (Kleine & al. 2002

To + 60: Formation of Earth-Moon systam
"SHi &2 % Myr youngarthan SAI (Touboul et al, 2007)

Y

Apai & Lauretta, 2010



What are micrometeorites
Zodiacal cloud particles accreted by the Earth

IDPs Micrometeorites Meteorites

Bradley, 2005




Micrometeorites 1n the solar
system

mass distribution in
the inner solar system

T Grun et al. 1985
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Micrometeorites in the solar
System
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Micrometeorites 1n the solar
system

mass distribution in
the inner solar system

Grun et al. 1985

ET matter entering
the Earth atmosphere

|

Particle diame
10 20 50 10Q 200
| S

N
o

ove & Brownlee 199

H
3
3
;
£
£
2
=

Terrestrial influx
(108 kg year! per log mass interval)




Micrometeorites

Classification :
effects of the interaction with the Earth's atmosphere

totally melted micrometeorites
cosmic spherules

Genge 2008

SC DC06-09-90
partially melted micrometeorites:
scoriacous micrometeorites

Dobricaet al 2011
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unmelted
micrometeorites

Dobricaet al. 2008
Dobricaet al. 2012
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» 1100 km from the coast (S 75°, E 123°)
" no terrestrial dust thanks to catabatic winds

= collection in surface snow (down to 4 m depth)
= snow isolated from the bedrock by >3 km of ice
" no terrestrial aqueous alteration

= snow melting: 1 — 20 hours



Fine-grained flufty

micrometeorites

AccV Magn Det WD | { 10um
150kV 3000x SE 99 07-13-40bottom

Dobricaet al. 2008

Dupratet al. 2007

DCO02 03-53-p

AccV  Spot Magn  Det WD |

150kvy 65 1700x SE 98

{ 20 pm




UCAMMSs

Rare micrometeorites: 2% of the CONCORDIA collection

carbonaceous
material

e

AccV Magn WD F——————— 20m
160KV 1700x 106 07-08-06

carbonaceous material Dobricaetal 2012
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*;,&; Carbon content
W o up to 80% in volume.

AccV Magn WD
160kV 1700x 105 07-08-06

Dobrica et al 2008




| UCAMMs

Unmetamorphosed organic matter
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Dobricaet al 2012



UCAMMSs

Raman spectroscopy of carbonaceous matter
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Dobrica et al. 2011

3000 3500

» Observation of the cyanide
(-CN) functional group

= Cyanides commonly
observed in ISM and comets
= | ow abundances in
chondritic organic matter

» UCAMMs avoided
hydrothermal alterations



UCAMMs
Hydrogen isotopic composition

D/Hcpow = 1.5 x 10
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; Protosolar H,

Duprat et al 2010

Robert 2001

0.2 0.4 0.6 0.8 1.0
H/C (at.)

Alexander et al 2010




UCAMMSs

Possible cometary origin

= High carbon content

* Unmetamorphosed carbonaceous matter

» Detection of the —CN group

* High D enrichments




UCAMMSs

Possible cometary origin

\ ¢ ;"i‘ev .
© & | = High carbon content
* Unmetamorphosed carbonaceous matter

» Detection of the —CN group

* High D enrichments

* Anhydrous mineralogy

= GEMS-like inclusions




UCAMMSs

Mineralogy dominated by olivine and
pyroxene, phyllosilicate content < 1%.

olivine hvroxene
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Dobrica et al. 2009




UCAMMSs

GEMS
Glass with Embedded Metals and Sulfides

Fe+Ni+S

L

Keller & Messenger 2011

GEMS may account for as much as
half of the mass of some IDPs




UCAMMsS

GEMS
Glass with Embedded Metals and Sulfides

Keller & Messenger 2011 )
Dobricaet al. 2012

GEMS have been detected in




GEMS: an interstellar origin?

a Z3 GEMS in
GEMS-rich % =5 one IDP
CPIDP & 1
Elias 16
mol. cloud
comet
Halley

Trapezium

mol. cloud
comet
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late stage
Herbig Ae/Be star M-type
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Bradley 2003



UCAMMs and the
protoplanetary disk

Organic matter in UCAMMs
1 formed at low temperature
[ never altered

Low-temperature phases in UCAMMs attest




|  UCAMMs and the
protoplanetary disk

Association at very small scale of
carbonaceous and mineral components

DC06-09-45




|  UCAMMs and the
protoplanetary disk

Association at very small scale of
carbonaceous and mineral components

-->What mineral phases were present when comet accreted?




UCAMMs and the
protoplanetary disk

Association at very small scale of
carbonaceous and mineral components

-->What mineral phases were present when comet accreted?

--> Crystalline silicates in cometary matter require transport
in the protoplanetary disk



UCAMMs and the
protoplanetary disk

How much of the cometary matter is a direct
interstellar heritage?

1) presolar grains

Presolar

Oxides/Silicates
O Oxides e Silicates
O

Murchison
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!

I \“"3-|_ D——’l / lll.‘.\ -‘.
AGB stars| ™~ [ v

lj‘ : 7‘ ~— ‘ —
k..’“" X14,000  1¥n WO

(
! | N Grain
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Hoppe 2009 |




UCAMMs and the
protoplanetary disk

How much of the cometary matter is a direct
interstellar heritage?

1) presolar grains

2 um

Busemann et al, 2009




UCAMMs and the
protoplanetary disk

How much of the cometary matter is a direct
interstellar heritage?

2) GEMS

First measurements of O
Isotopic composition in
GEMS from one UCAMM:
~solar composition

Dobricaet al. 2012




Conclusions

» UCAMMs: tiny extraterrestrial samples with huge
amount of information on the protoplanetary disk

samples from the outer solar system
pristine low temperature and high temperature phases
sampling not ONE comet, but a population of comets

new constraints on the mixing processes in the protoplanetary disk



PLUS




Origin of micrometeorites

Zodiacal cloud dust bands: IRAS observations at 25 pum.
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Nesvorny et al., ApJ 2010 Best fit:

*jrc = 0-97, Aocc = 0-03,
D =100 um, and t ;- = 12000 yr

JFC particles represent ~ 85%
of the total mass influx in the Earth's atmosphere



Identification

DCO2 03-53-p

AccV Spot Magn Det WD | { 20 pm
150KV 65 1700x SE 98

17!
0.5 r

CSNSM.CNRS
CONCORDIA-Collaction 2002
#03-53-P

Energy (keV)




