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Introduction:  In the past 5 years, we performed ion irradiation of carbonaceous chondrites from different 
petrologic groups (CO, CV, CM, CI, C2) to simulate space weathering effects on dark asteroids. Through our 
experiments, we highlighted a dichotomy in the spectroscopic behavior of the irradiated samples in the visible range. 
The anhydrous meteorites show darkening/reddening, whereas hydrated meteorites show brightening/blueing upon 
irradiation. This trend seemed to be related to the meteorite initial composition. All samples presented a systematic 
change/shift towards longer wavelength of features in the 10 µm region [1].

As a follow-up of this study, we performed new ion irradiation of one CK, one CR, and three CM meteorites to 
further test composition effects. We also measured the FIR spectra of some samples, including the ones of the first 
study, to investigate the IR band shift in a broader range [2].  

Method:  We selected and prepared fragments of two other types of CCs: a CK4 (NWA 5515-1498) and a CR2 
(EET 92159). The CM MET 01070 (aqueously altered with Mg-rich phyllosilicates) and the CM QUE 97990 
(poorly altered and Fe-rich) [3] have also been irradiated. The four meteorite fragments were crushed and pressed 
into pellets. The fifth sample was a bulk piece of Murchison (polished and cut). We irradiated the samples with He+ 
ions using ion flux ~1013 ions/cm2/s, fluence up to 6.1016 ions/cm2, and energy at 40 and 15 keV to investigate two 
different energy regimes (Murchison only at 20 keV). We monitored the evolution of the samples upon irradiation,by 
measuring VISNIR reflectance spectra in situ under vacuum (INGMAR setup). MIR and FIR micro-spectroscopy of 
the irradiated samples were performed ex situ at room pressure and temperature (at the Synchrotron SOLEIL). In the 
case of MIR, we used an imaging micro-spectrometer with spot size down to 20 µm to study the effects of 
irradiation on individual mineral components [4].

Results:  Preliminary results in the VISNIR show that the CK follows the reddening/darkening trend of CO and 
CV, whereas both CM pellets get brighter and bluer after irradiation. The CR has a more complex behavior with no 
strong albedo change upon irradiation but a reddening of the slope. 

In the MIR and the FIR, the main bands of silicate minerals (both anhydrous and hydrated) of all five new 
samples show band shift towards longer wavelengths after irradiation, while the MIR bands of carbonates remain 
unaffected. The FIR spectral range also shows a deformation of the silicate bands. The IR bands of silicates can thus 
constitute a reliable proxy of the time-bound effects of irradiation on airless bodies. We discuss the results of our 
experiments in the context of the current sample return missions Hayabusa2/JAXA and OSIRIS-REx/NASA. We 
show that the detection of irradiation effects is within the reach of IR spectral resolution of the OSIRIS-REx mission 
and of the future James Webb Space Telescope. 
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