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Analytical sequence: from less to more destructive techniques
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Cartographie FPA sur des échantillons de Paris

a) amorphous silicates

b) olivine
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Cartographie IR trés rapide: lien silicate /Mo



Avancées sur les IDPs

* 20 IDPs recgues
* Développement de la microscopie VIS/NIS en salle

blanche (prés-selection des IDPS et comparaison
avec les surfaces astéroidales)
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Micro-tomographie FTIR
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Spherical standard of Silica

-> reconstruction of the differences phases

two spherical sample
/
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Spherical standard of Silica

-> reconstruction of the differences phases

Sillica reconstruction CH band reconstruction : glue

-> able to separate and reconstruct differences phases



Reconstruction of the Calcite

-> Case of an homogeneous standard

.-"II.'.'\'--[_-"----




First reconstruction of the Paris meteorite

CH band reconstruction



Couplage avec la micro-tomographie X
Ligne Psiche/SOLEIL

Standard + complémentarité pour une meilleure info
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IR spectroscopy on FIB section

1 micron slice
for IR and
raman
spectroscopy
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Exemple multi-analyses : couplage pIR — ToF-SIMS

4000 2000 1500 1000 800 (o)
30 pr e

(b) Carbonate (+ sulfate) ]

MIR

- Point 22 - Calcite 1086

N
o
L

Reflectance (%)

-
o
T

MRaman

o
o

FETT s TRT PARTE ATTTAPTTT] FRTTIRNTE (ARTIRTINY FITY

2 4 6 8 10 12 14
Wavelength (um)

Intensity (counts/sec)
S
o

20

a0
se0n
si0n
e
E
o
o
e
s
o
e
E
08
208
0
2008
2508
208
n
08
1e0s
1608

o

1208

100

500 1000
Raman shift (cm™)

Noun et al. 2017

Paris meteorite

Collaboration
S. DellaNegra
(IPNO)

ANDRGMED=

Sum of: CaOH*, Ca:0*, Ca:0:*, ’
Ca;O;H*, Caz0:H*, CasOsH*




Météorite CV3 Efremovka




Etude des inclusions réfractaires: étude des CAls « primitives »
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Recherche des traces de I’eau dans les CAls: enregistrement
des volatils du disque interne

2 modeles d’altération possibles

1. Formation CAl 2. Altération 3. Accrétion 4. Astéroide 5. Altération
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Phases d’altération nébulaires ou astéroidales ?




Couplage de 3 techniques différentes pour en apprendre plus sur I’eau
du disque interne

SOLEIL

SYNCHROTRON
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Application aux observations

1.2_ T T T | T T T T I T T T T I T T T T T T T T I
— (1) Ceres

Tagish Lake (60%) + Enstatite (40%)
TL (31%) + Enst. (26%) + Am. Ol. (23%) + Magn. (12%) + Dol (8%)
Murray (80%) + Enstatite (20%)

v v .' : - e

T

T

1.1

llIIII]IIIIIl[

*

A AEFE T
e ...
AL
-

Emissivity
o
" YAT,
lllIIIIL[l"IlI]

o

(o]
- '*’..
e

3 d \ P ‘ MASR-

- i

p ?.: Vernazza et al. .

0.8 L 1 L | 1 1 L 1 | I I L ! | L I I I 2017 . L L | L B
10 15 20 25 30 35

Wavelength (micron)

IDP fluxes in this region amount to 4E-5 particles/m2*s (Grun et al. 2001)

— a square millimeter is impacted by about ~1E3 particles over ~1E6 years.

The Themis family (outer main belt) has composition compatible with pyroxene-rich IDPs.

A recent break up (<10 Myrs) has led to the formation of the Beagle family at a = 3.157 AU.
Spitzer observations and numerical modeling showed that the Beagle family is the most likely
source of the a dust band (Nesvorny et al. 2008).

We suggest an exogenous origin for this dust.



Différentes origines et/ou évolutions pour les astéroides

- Hydrous dust

- Anhydrous pyroxene-rich dust

- Carbonates Water ice
Surface
(as observed)

Sub-surface
(predicted)

- Vernazza et al.
271 ?
CI?TL? | 5017

C-type asteroids

D ~ 200 km D ~ 400 km D ~ 940 km

— participation a demande JWST GTO NIRCam (P.I. J. Stansberry)
— participation a demande JWST DD ERS NIRSpec & MIRI (P.l. P. Vernazza)



Prochaines étapes

* Better separation of the different phases for the meteorite
* Analyses of the same 7 samples with X-ray tomography

5 news samples of the Itokawa asteroids



