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Looking for primitive solar system material : meteorites

+ 30,000 meteorites
USA, Japon, Italie

ANSMET Antarctic Meteorite

'{":. THE ANTARCIIE SEARCH FOR METECRITES Research
ey 4 Pl : R. Harvey, Case Univ. US



The meteorites are coming from
the asteroid belt between Mars and Jupiter

Pasitions of planets and calculated orbit for Tagish Lake

Planets

This addon for the Celestia
3D Space Simulator can be found at
www.celestiamotherlode.net

Speed: 0000 m's

Brown et al. Science 2000

They are sampling a restricted part of the inner solar system



The comets
dust from the outer solar system

Orbit of Binary
Kuiper Belt Object
1998 WW31

e

Kuiper Belt and outer ‘
Solar System planetary orbits

The Oort Cloud
(comprising many
billions of comets)

Qort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
illustraton (NASA, JPL)

Sun-Earth : 1 UA =10°km (8 mm. c)

Pluto : 50 UA (7 hours. ¢)

Kuiper belt : 70 UA (10 hours.c)
Oort Cloud : 200 000 UA (3 Years. C)



The HMS Challenger expedition
1873-1876

( 691 )

DEEP-SEA DEPOSITS AND THEIR DISTRIBUTION IN THE
PACIFIC OCEAN.”

Wiren Nores oN THE SAMPLES COLLECTED BY .8 “ BRITANNIA,” 1901.
By Sir JOHN MURRAY, K.C.B., LL.D., F.R.S., etc.

Tar foundations of our knowledge of the distribution and composition
of deep-sea deposits in general may be said to have been laid by the
Challenger Expedition, and the ¢ Challenger Report on Deep-Sea Deposits,’
by Sir John Murray and Prof. Renard, brings together all that was
known on the snbject up to the date of publication (1891). Since that

Murray 1876



%1608 8811, 1A:0U NASH
Long Duration Exposure Facility (LDEF)
Crater data Interplanetary Dust Particles (IDPs)
Taille 10-500 um The Cosmic Dust Program (NASA)

e.g. Love & Bronwlee Science 1993 Taille 5-40 um
Rietmeijer in Planetary Material



Table 1 ta
Micrometeorite collections from sediments, sedimentary rocks, and polar deposits. The type column refers to the types of cosmic spherules recovered. When ‘all’ is used. §.
both melted and unmelted micrometeorites were recovered. 0%
Deposits Age Collection Technique No. Examined  Type Size Range (Um) Reference §
5
Sediments §
Deep sea ? cores 100s S&I1 60-500 Murray and Renard, 1883, 1891 2
Deep sea i magnetic rake =300 S&l 100-500 Brunn et al., 1955 )
Deep sea <7 Ma core from top 3 m 732 S&l 10-230 Laevastu and Mellis, 1955 c:
Deep sea <200 ka magnetic sieve 4413 2 30-250 Pettersson and Fredriksson, 1958 %
Deep sea ? 750 kg sieved, mag. sep. 1200 [ 149-351 Millard and Finkelman, 1970 g
Deep sea 0-100,000 yr(?) magnetic rake 100s S, G &l <5000 Brownlee et al., 1979 2
Deep sea 0-500,000 yr mag. sep. box core =700 S,G &1 100000 Blanchard et al., 1980 Q
Deep sea 0-700,000 yr 1 m elam shell sample 935 S&l 149-750 Murrell et al., 1980 =
Deep sea 0-350,000 yr 0-35 ¢m core, mag. sep. 258 5,G&l 50-500 Kyte, 1983 8
Desert sand ? magnetic collector 32 I 30-300 Fredriksson and Gowdy, 1963 3
Beach sand recent—1.6 Ma hand magnet 7 I 80-650 Marvin and Einaudi, 1967 g
Sedimentary rocks g‘;
Hardgrounds 145185 Ma crush and dissolve s I 100-300 Czajkowski et al., 1983 )
Hardgrounds 180 Ma 2 12 il ? Jehanno et al., 1988 %
Claystones recent—500 Ma dissolution, magnetic sep. 2 7 <40 Crozier, 1960 g
Carbonates 30-40 Ma dissolution, magnetic sep. 28 5 &l =100 Taylor and Brownlee, 1991 =
Salt deposits ~250 & ~400 Ma dissolution, magnetic sep. 243 ? <40 Mutch, 1966 ﬁ'
Sandstones 1.4 Ga mineral separation 4 S 60-125 Deutsch et al., 1998 g
Polar ice and sediment %
Greenland %
Cryoconite ? heavy liq. separation ? S? 100-200 Wulfing, 1890 §
Cryoconite 0-3000 yr suction, filter and pick ~3500 all 50-300 Maurette et al., 1987
Cryoconite <2 ka suction, filter and pick =100 all 100-1000 Maurette et al., 1986
Antarctica
Eolian deposits <2.5 Ma(?) sieved and hand picked 840 S 125-500 Hagen et al., 1990
Eolian deposits 0-100,000 yr(?) wet sieved and hand picked =100 S 641000 Harvey and Maurette, 1991
lce cores 1800-1961 AD melt and filter ? 1 15-180 Thiel and Schmidt, 1961
Ice cores 2300100 BC melt and filter 5 S,G.V 50-160 Yiou and Raisbeck, 1987
Ice ? melt and filter 76 all 50-400 Maurette et al., 1991
Snow and ice 1100-1500 AD suction bottom and filter 1600 all 50-800 Taylor et al., 1998 §

Review by S. Taylor & J. Lever 2001



Micrometeorites in Blue Ice Fields
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The central regions of Antarctica

* Amundsen-Scott base (US) R
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The unique advantages of
Central Antarctica Regions
for Extraterrestrial Dust research

* Dome C is extremely preserved from terrestrial dust contamination within the

MM s size range [d > 50um] :
— 1100 kms from the coasts of TA, 3200 m in altitude
— The dominant wind blowing from centre to coast
— The surface snow is separated from the bedrock by more 3,5 km of ice

-> a high ET/T ration is expected, search for new objects
* Dome C snow stays at low temperature thought the year (-70° < T<-20°)

-> unique condition of preservation from terrestrial weathering are expected

« Dome C has very low and regular precipitation rate :

-> recover micrometeorites from reasonable volume of snow (few m?3)
-> measure a FLUX of ET particles/m?/year
-> search for variations in intensity/composition of the flux in the last century



L’ Institut Polaire Francais (IPE

ANTARCTIC REGION
o Part Elizalveth SOUTH
B Year-round research station v ATRICA
Seale 1:68,000,000 south|Atlantic
Azimethal Equal-Area Projection
: COcean
_Bouvet 1sland
ORWAY) PRINGE EWARD FLANS
:\ ' IBOLITH AFRICA)
BRITISH
CLAIM
i
! southern . l.‘:f‘mf
Ocean NORWEGIAN CLAIM gt
ARGENTINE oy il fimiy b
Falkiand istands CLAIM 5 -
5 Matvina { SANAF .
Tislas Matvinas) e A‘;{—(:‘g, _ (SOLTH — French Southern
p oy ARGERFTRA {‘lm-“g__i-”" M:l : Novolazarevakay, and Antardlic Lands
SLANDS \ - m © ARUISSIAY (PENHEE
1 \Nedinayer  yaitri et )
N _.gmmi S OERMANY)  (INDIA) 3
CHET: area of " -
B s ¢ {elargement Qe Maud Land AV
W Halley (L1
Belggrano il / i
W ARCENTINAS Mawson it
CHILE AR B USTRALIA} i e
' ¥ e iATALIA
\ ke Shelf
! Fhong ShaniCHINA]
CHILEAN | \*\ A I aroce (St M DavIMAUSTRALLA)
LAIM e N e :
1 Indian
1 Amundsen-Scoll b
W — f e
1.8, 1
Ucean
A u Vostok
! Bentiey Subgincial Trwnch (RLISSIAY
South
Pacific Artiuitidser .
Qcean . 5 e
7 X
\ ' &
¥
PrRE T i S e Dignt diUrville
Huviad, tuth Werea, Utugusy ach have - | v %, (FRAGCE)
a saation on King Geerge island. ") E = N
Esperanza e G ik e .
UARGENTINAY ISLANDS “ FRENCH =
L] Iam?r:':_]b_""m | Southern \P‘“ CLAIM
V) ; e, Ocean .‘“F"
i L3 st p\“’h
‘?F,qq o cv
VO cLam south
Pacific
Cimplell
falanid Qcean
SEW EEALAND) ALCRLANI FLANTE:
OREW EEALARI)
y W Tignmaiia
4T
o -Gusnis S P s
el e \ i X 3
Penfnw!a_: NEW 477 7 Melhaurne
) : ZEALANDY 7 south ishand ’
CHATHAM SLANES 7 A .
ol (NEW EEALATD] fcpﬂ,m,"“h \ *L.mln.m
Southern Wellington,_ a0 i AUSTRALIA
Ocean 18 r“f" L Sydney
7 Mot istand ¢
\ Y BOZAOOA] [AOZ20T) 4-01
E i ] |




The Micrometeorite Program @ Dome C

Dome C, January 2000 .
Dome C (75°S, 123°E)

Surface Snow (0-80 cm)

Up to 35 km from the camp



The snow extraction procedure

1000 L

Dome C, January 2006
A High efficiency 1000 L snow smelter (CSNSM)



The snow melting/sieving procedure

- . q\-,’_‘ll. i '
—— T RE r

OME C now is melted in a The 30 um filters are pre-analyzed in
dedicated double-tank and a mini-lab to control terrestrial

gravitationally sieved contamination



Janvier 2000 Janvier 2002 Janvier 2006
Neige Volume Temps
Date traitée effectif Prof. Fondoir | exposition a | Efficacité N ET/T Pollution
m3 m3 I’eau
Fibres,
Janvier 9 0-80cm Cuve o 40 1-5 % Glycaol,
2000 3 2-4m 1m?d 100 30 % poussiéres
heures
Fibres
Janvier Double textile,
2002 2-4m Cuve N0 rares
L2 11 100 L 48 heures | > 60 % 500 10°50% poussiéres
Double
Janvier 25 3-5m Cuve 12 heures | > 80 % > 1300 >50 04 | Tresfaible
2006 24 1000 L




CONCORDIA Results |

e A total of 650 micrometeorites identified
-> The CONCORDIA Collection

2002/2006 new protocol : ET/T ~1
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(Duprat, Engrand et al. LPSC, 2003)



CONCORDIA Results 11
Fe-Sulfide grains, a carbonate
a minimal aqueous weathering

18w
6o-11% 15KV X1;293 18mm

Duprat, Engrand et al., Adv. Space Sci (2007)



Blue Ice Field micrometeorites are
depleted compared to Cl Chondrites s, ca, ni)

G. Kurat et al. GCA 1994
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CONCORDIA Results 111

an un-depleted “solar” composition
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Duprat, Engrand et al., Adv. Space. Res. (2007)



Cometary sample return : STARDUST (NASA)

2 January 2004
Comet Wild 2

Capture in Aerogel

STARDUST Preliminary Examination Team (PET)



Des échantillons pour le Consortium STARDUST

COORDINATED STUDIES OF
PRISTINE CONCORDIA MICROMETEORITES.

M. Gounellel, P. Bleuet2, L. Bonal3, J. Borg4, M. Chaussidon5, L. d’Hendecourt4,
Z.Djouadi4, J. Duprat6, C. Engrand6, T. Ferroir7, P. Gillet7, F. Grossemy4, C. Le Guillous,
L.Lemelle7, H. Leroux9, A. Meibom1, G. Montagnac?, S. Mostefaouil, E. Quirico3,

LEME, MNHN, 75005 Paris, France.

ESRF, 38043 Grenoble, France.

LPG, 38041 Grenoble, France.

IAS, 91405 Orsay, France.

CRPG-CNRS, 54501 Vandoeuvre-les-Nancy, France.
CSNSM, 91405 Orsay.

LST, ENS Lyon, 69007 Lyon, France.

Lab. Géol. ENS, 75231-Paris, France.

LSPES, 59655 Villeneuve d'Ascq, France.

Analyses couplées :
IR, TEM, Raman, Synchrotron X-

ray Fluorescence, NanoSims, Lunar & Planetary Science Conference
Gazes Rares March 2006, League City, Texas




CONCORDIA results

CONCORDIA Collection IDP (NASA)

DCO2 03-53-p

AccV SpotMagn Det WD — 20m
160kV 656 1700x SE 98

8000
S1
NASR JSC
COSHIC DUST PROGRAM
CSNSM-CNRS Lee218
CONCORDIA-Collection 2002 - FE
5 #03-53-P COUNTS

LY

A
S
CR
CR f\ NI

0.0 T ENERGY (KEV) 1.8

ke¥

(Duprat, Engrand et al. LPSC, 2005)



Fe-Sulphids grains
CONCORDIA / STARDUST

S S

AN /N

¢ Concordia MMs e Stardust unheated

o Stardust heated

Pyrrhotite

Troilite —

(Engrand et al., 2007)
| |

(Zolensky et al., 2006)

-Ni

Fe

Engrand, Duprat et al LPSC 2007



Un nouveau type de materiau interplanétaire:
les micrométéorites Ultracarbonées (UCAMM)

AccV Magn Det WD ———————— 20um
1560kV 1650x SE 9.8 07-13-47

1800 <—C
60-85v0l%
Matiere organique 3
. i Mgl . -
S S

- 3 % des AMMSs sont des Utracarbonnées

These E. Dobrica (Dir. C. Engrand) Dobrica. Enagrand et al. LPSC 2008



D/H 1n Micrometeorites ... a solar value

SMOW
40 |
B arbonaceous chondrites
- ! ==R0tarctic micrometeorites
35 I
I
30 T !
I
- I
25 ;
I

20 7
15 7
10 -
Cometary Water
57 ¥
0+ -
50 ]*00 150 200 250 300 350 400

Antarctic Water D/H (x10°)




= D enrichments
T In IDPs

Individual IDPs

Cluster IDPs

— —
0.5 0.6 0.70.80.91 2 3 4 5 6 7 8 910 20
(D/H) __/D/H)

IDP SMOW

Messenger, Nature 2000

Messenger, Nature 2000

. OM3
2000 TR T
| E22 G |

. 1500 | QRN -
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O 500 | A6 o —A_%“\ °a COmetary Orlgln
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Aléon et al. GCA 2001



Large D/H, a cometary origin

D/H
104 103 102

: LI AL R . LR L ' LI L L L |
® @713
o T17
; ® 12 STARDUST
@ T3527 samples
: o .
[ = T35,25
' ® o
' @
3 IDPs and
: Meteoritic IOM

n B Comets

H,0 HCN
. Interstellar Molecules =
: iermesiniel) (up to D/IH=0.1)
» range
PRy || PP | PPN

0.1 1 10 100

D/H (relative to SMOW)

McKeegan et al Science 2006



D/H in Isoluble Organic Matter (IOM)

0.00093
0.00082
0.00070
0.00058
0.00047

0.00073
0.00061
0.00049
0.00037
0.00024
0.00012

Busman et al Science 2006
0.00

Remusat et al LPSC 2008



D/H on Ultracarbonaceous micrometeorites |

oD %o
15843

13437
170317
8624

6218
3812
1406
-1000

Data Nanosims 2008 CSNSM, MNHN

Duprat, Dobrica, Engrand et al. 2009



D/H on Ultracarbonaceous micrometeorites |1

Up to 30 times the SMOW value !

: [?;]D/ 5D %o
— 36609
25714 21370
21428 26149
17142 20919
12857 15689
8571 10459
4285 5229

0

Data Nanosims 2008 CSNSM, MNHN



D/H

Extreme D-rich primitive organic matter

SE-03

o DC06-09-119
~ DCO06-09-19

4E-03

3E-03

2E-03

1E-03

OE+00
0

C/H

Ultracabonaceous Micrometeorites, giant cometary particles



Probing the inner part of the protoplanetary
disk ?

3 £ DA
Ex(H)
] —0a
1.00F
i >
0 | <& x}<§§
E‘ 0.10¢ & y .
i A ]
\]E\ % X ] 120
- - ] = 100}
< B0f
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C ] ‘g 40_
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Ceccarelli & Domonik AA 2005

Deuterated H,* in proto-planetary disk
H + HD—=——H,D" + H,
H,.D"+HD——H D, +H,
HD,+HD——D, +H,

Ceccarelli et al arXiv2006

N,D*/N,H" in prestellar cores



Radioactiviteés éteintes &

Meteorite Data Systeme Solaire Primitif
Nucleus Tl/2 (My) ' &Lclzﬁ'l‘splgn WA ..04/
Anorthite -

10Be 1.51 o150 (*ar An.=(5.14£06)x 10° °

26| 0.74 N

41Ca 0.10 «‘é: 7 Anorthite - B

53Mn 3.74 € 0487

6OFe 1 5 1 Melilite T. Lee et al 1976
0.140-1¢ F:SF:::; ........ ..................................

0 100 l l '

Nucléosynthese stellaire
(SNII, AGB,...)

Wasserburg et al 1998, Cameron et
al. 1995, ...




Nucléosynthese par irradiation in-situ ?

&
Cor_onal § Coronal
Wind S Wind
)
K
Helmet
Dome
Soft Z;I
//
Funnel Flow /
A\
— CAI Precursors &’
@ X-Wind
Chondrules
Reconnegtid
Ring
eio Accretion Disk

T. Lee et al. ApJ 1998
Shu et al. ApJ 2001



STARDUST PET results

Spinel, Al-diopside, Anorthite, Gehlenite

Y -
-
-
= -
= = e
R e e
o, : 2" ::"__;- .
LS - 5 £ g 4 » -

e Size 1-10 um

» Aerogel capture :
Fragmentation
Heating
Mixing...

Refractory phases

Fe-Sulphides

compressed
aerogel

Tinzmm-L, , edpes

¢ and mineralogically linked CAls, exotic refractory components in

formed very close to the young Sun.

In Vemaduum L, edges
Nigoger-X edpe ..J ’
" 400 450 eV 500

Fig. 4. The CAl-like grain from track 25. (A} Backsattered eleciron (BSE) image of the CAl-like grain
from track 25, showing the gray shell of compressed-to-melted aerogel at lower left. (B} High-angle
annular dark-field TEM image of two osbornite grains (amrows) within spinel (€} EELS spectrum of an
oshornite grain showing pesks for N, Ti, and V; scales represent intensity (In} and energy (in electron
volts). (D} EELS element maps of an orbornite grain:  BSE, N, Ti, and V. Scale bar, 40 nm.

1738 15 DECEMBER 2006 WVOL 214 SCIENCE  wwwescier

""Remarkably enough, we have found fire
and ice"'
Brownlee et al., Science 2006



Une phase réefractaire dans la collection
CONCORDIA

CSNSM-CNRS
CONCORDIA Collection
00-11-45

Hibonite (CaAl;,04)

HH 30

Télescope Hubble
V=500 000 km/h » e %1.288 18mm
Disk = 64 10° km =500 UA |

J. Duprat, CSNSM-IN2P3-CNRS



La Collection CONCORDIA

> 2000 particules
— Un rapport signal sur bruit tres élevé (ET/T ~ 1)
— Une valeur du flux contemporain
— Une altération terrestre minimale
— Des particules friables uniques
— Des micromeétéorites Ultra-carbonées
— Des enrichissements extrémes en Deutérium

 Des grains cometaires geants

— Comparaison STARDUST -
— Des echantillons des régions froides du disque & 3
protoplanétaire G ! e |
— Test de la chronologie isotopique du systeme -
solaire

Les regions centrales antarctiques
B rcprésente un collecteur unique

—
- Ed - ow

g B de matériau cométaire
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