Isotopic anomalies in
extra-terrestrial matter
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Isotopic anomalies
where & how ?

ISM heritage

* Different types of isotopic
anomalies

» Carried by different phases

* Different origins
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BN .t noble gases (Xe) pattern reveals
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Presolar grains :
Burning down the haystack to find direct heritages from stellar envelopes
(S1C, Graphites, nano-diamants ... < 10 um)
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The main components in Chondrites : matrix & refractory phases

Refractory phases
the oldest solids of the solar system

Extinct radioactivities

The Chondrules
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Presolar Grains
organic matter
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C stars
(Lambert et al., 1986)
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Si isotopes in mainstream SiC
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However, part of SiC mainstream Si isotopic abundances appears

younger than the Sun...
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Presolar grains abundances

primitive IDPs [15)
Acfer 094 (C ungr.) [16]

ALHA 77307 (CO) [11]

 AGB stars > 90% of SiC, Silicates, Oxides
* Type Il SN, <10% of SiC, Silicates Oxides,
< 50% graphite, 100% of Si3N4

RBT 04133 (CV) [17]

Adelaide® (C ungr.) [18]

QUE 99177° (CR) [9

QUE 99177* (CR) [11)

MET 00426 (CR) [9]
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(Photo by Rhonda Stroud, Naval Research Lab.)

Nittler 2018 (from Davison GCA 2014)






y phases

Isotopic anomalies in refractor
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There is clear evidence for the presence of
short -lived (10°-10° yrs) nuclei in the protoplanetary disk
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Last minute stellar nucleosynthesis
What was the context of the solar system birth ?
Correlation with other anomalies (the carrier

phases?)
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Asteroids and comets,
a major goal for space missions
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ROSETTA Mission
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Fig. 3. D/H ratios in different objects of the solar system. Data are from (1, 2, 5-7, 26-28) and
references therein. Diamonds represent data obtained by means of in situ mass spectrometry measure-
ments, and circles refer to data obtained with astronomical methods.
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A new type of interplanetary material
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UltraCarbonaceous Antarctic MicroMeteorites (UCAMMSs)
In UCAMMs, the organic matter represent more than 50 vol%

It is possible to recover
cometary particles at Earth surface




C,D-/C,H- and C'™N-/C'“N- spatial correlations
&_1 _ on the UCAMM DC94 fragment
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UCAMM organics are N-rich S LEIL

SYNCHROTRON
v Infra-Red transmission microanalyses @ synchrotron SOLEIL w SRR s R S

V' Elemental isotopic composition : NanoSIMS and electron microprobe
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N2-CH4 ices at the surface of icy bodies
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irradiation and in-situ IR analysis of

= /Al NS 4.5 ices of astrophysical interest
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High energy ions irradiation of N-rich ices
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2016 : Galactic Cosmic Ray interaction with N,-CH, ices induce a
refractory poly-HCN residue
that can be the precursor of the ultra-carbonaceous micrometeorites
organics.

2018 : irradiation of N,-
CH,-CD, produce a
residue with large
isotopic heterogeneities
B. Augg et al. in prep



The origins of D-rich organics
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Conclusions

At the first order, the material that formed the solar system was well mixed = the
meteorite Cl reference

Micron-sized refractory minerals with isotopic composition radically
different from CI - the presolar grains (PSG)

Most PSG have condensed in envelopes of low mass stars (i.e. AGBs)

Few PSG (Type X SiC, graphites,...) originate from massive stars

Planets, asteroids and (possibly) comets samples exhibits tiny bulk isotopic
differences (slightly different initial reservoirs ? secondary processes ? )

Last minute nucleosynthesis (including non-thermal events) contaminated
the protoplanetary disk in short-lived radionuclides (*°Al, '°Be, 4'Ca, 3¢Cl,...)
Large isotopic anomalies (D/H, '°>N/'“N, ...) are observed in interplanetary
organic matter. This organics may formed in the parent molecular cloud , and/or

secondary processes within the protoplanetary disk, or at the surface of icy parent bodies



