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EVIDENCE OF PRE-ACCRETION IRRADIATION OF COMETARY MINERALS IN THE INNER SOLAR SYSTEM

Introduction: Studies of cometary dust suggest that their constituent crystalline minerals formed at high temperature, close to the early Sun [1,2]. Although several models can explain their transport to the outer regions of the protoplanetary disk (e.g. [3]), the detailed process(es) and timing of this transport remain unclear. The exposition to the interplanetary environment results in interactions with the solar wind (SW), solar energetic particles (SEP) and galactic cosmic rays (GCR) that can leave signatures in the minerals, such as damaged rims and irradiation tracks, as well as chemical changes. We investigate the evidence for pre-accretion irradiation of single minerals in the early solar system, before their incorporation in the cometary parent bodies.

Samples and results: Samples from comets were returned by the Stardust mission, and analyzed in situ by the Rosetta mission. Collected on Earth, chondritic anhydrous interplanetary dust particles (CA-IDPs) and ultracarbonaceous Antarctic micrometeorites (UCAMMs) are thought to be of cometary origin (e.g. [4,5]). Irradiation features were observed in IDPs (e.g. [6,7]) and in a UCAMM ( [8,9]), with rim thicknesses of a few tens of nanometers, and irradiation track densities typically around 10 10 to 10 11 tracks•cm -2 . A pyroxene in the UCAMM shows an irradiated rim all around the pyroxene, this pyroxene sitting inside the UCAMM's organic matter. This ~30 nm thick rim shows a significant Mg depletion with regard to the interior of the mineral. Analyses of COSIMA (Rosetta mission) on comet 67P/Churyumov-Gerasimenko show that the compositions of the cometary dust particles are depleted in Mg [10,11].

Discussion: IDPs have been long known to contain irradiations features, like damaged rims and solar flare tracks (e.g. [6]), that are usually interpreted as resulting from the exposure of the particle to the radiative interplanetary space during its transport to Earth. Keller and Flynn [7] interpret the solar flare densities of several tens of IDPs to constrain the release distance of the dust from the Kuiper belt. The fact that a crystalline pyroxene inside a UCAMM shows an irradiated rim in the interior of the particle, in contact with the organic matter, shows that this mineral was irradiated by the solar wind, prior to its incorporation in a dust particle and in a cometary parent body. The Mg depletion measured in the irradiated rim of this pyroxene is compatible with that observed for lunar grains (e.g. [12]), and could be attributed to the preferential sputtering of Mg atoms in the damaged layer, as observed in laboratory simulations [13].

Analyses of cometary dust by COSIMA/Rosetta revealed a large abundance of carbonaceous matter, and the composition is depleted in Mg with regard to the chondritic composition [10,11]. Being a time-of-flight SIMS instrument, COSIMA only analyzed the top atomic layers of the samples. In the COSIMA instrument, the cometary particles were disrupted upon collection on the target [14]. The interiors of the dust particles were measured, but they consist in aggregates of units with sizes ranging from ~50 nm to a few µm [START_REF] Bentley | 86th Annual Meeting of the Meteoritical Society[END_REF]. The Mg depletion observed by COSIMA could be explained by SW irradiation of the sub-µm units of the dust particles from comet 67P/Churyumov-Gerasimenko, also before their accretion into the dust particle, and to the cometary parent body.

These evidences for pre-accretion irradiation by the solar wind question the interpretation of the track densities in IDPs and UCAMMs. Rims (from the SW) and tracks (from the SEP) can be recorded in the minerals while they were close to the sun, before their accretion into a dust particle. Once agglomerated as a dust particle, the minerals inside the particle are shielded from the SW (which can only penetrate up to a few 100 nm), whereas the SEP can still generate tracks. We will investigate the effect of GCR on the minerals, and compare with that of SEP using laboratory experiments, in order to better understand the evolution of cometary dust particles in the early protoplanetary disk.
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