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Introduction: Ultra Carbonaceous Antarctic MicroMeteorites (UCAMMs) are micrometeorites with a high car-

bonaceous abundance (C/Si ranging from 10 up to 103) [1-6]. Their organic matter is N-rich, with isotopic heteroge-

neities in N and C, and exibits extreme D/H ratios [2]. Despite their low abundance within the micrometeorite flux, 

UCAMMs represent a non-negligible source of exogenous unaltered carbon reaching Earth [7]. UCAMMs most prob-

ably originate from the surface of icy objects [2, 8] where the organic matter can be synthesized, at large heliocentric 

distance, by energetic processes such as Galactic Cosmic Rays (GCR) irradiation [9, 10]. In previous experiments, we 

showed the similarity of the IR signature and the D/H heterogenetities of UCAMMs with that observed in organic 

residues formed by swift ion irradiation of N-rich and D-rich ices mixed with hydrocarbons [9, 10]. We recently 

performed new irradiation experiments to study the transmission of light elements (H, C, N) isotopic heterogeneities 

from the ice to the irradiation-induced refractory residue. We also explored the impact of the ice chemical nature on 

the formation of the final organic residue. 

Material and method: Ice irradiation experiments were performed with the ion beam (IRRSUD, 0.5-1 MeV/u) at 

GANIL (Caen, France). The IGLIAS experimental setup [9, 11] was used to form ice films by gas condensation on 

IR-transparent windows cooled down to 10K prior irradiation. A quadrupole mass spectrometer was used to monitor 

the gas phase during ice deposition, irradiation and subsequent sublimation. The ice evolution under irradiation was 

also monitored in situ with a Bruker Vertex 70v Fourier transform infrared (FTIR) spectrometer. Ice samples consisted 

in two ≈ 5 µm thick ice layers (14N2-12CH4 (90:10) or 14NH3-12CH4 (90:10)) deposited around a central layer isotopi-

cally labeled with 13C, 15N and/or D, forming an ice-sandwich [12]. The total thickness of the ice-sandwich was esti-

mated from the fringe pattern observed in the IR spectra [13] and the central layer accounted for 1% to 4% of its 

volume, depending on the sample. Nine ice-sandwiches were irradiated during three experimental sessions with 58Ni9+, 
136Xe19+ and 86Kr15+ swift ion beams. The ion fluences used to irradiate the ice-sandwiches were adapted to the ion 

energies in order to reach doses ranging from 8 to 25 eV/molecules corresponding to tens to hundreds million years 

of exposure in the outer region of the solar system. At the end of the irradiation, the ice-sandwiches were slowly 

warmed up from 10K to 300K with a 0.1 - 0.5 K/min temperature ramp, leading to the sublimation of the volatile ices 

left and to the concentration of refractory organic residues on the substrate windows. The windows were subsequently 

transferred from the IGLIAS chamber to a specific holder to perform isotopic mapping with the NanoSIMS instru-

ment. Analyses were performed on areas of about 50×50 µm² with a 7 pA Cs+ beam.  

Results: Isotopic heterogeneities in D, N and C are observed at the micron scale in the organic residues, confirming 

the possibility to transfer isotopic heterogeneities from isotopically distinct ice layers to the irradiation-induced resi-

due. Organic residues formed from ices with the same major composition of 14N2-12CH4 (90:10) share similar IR 

spectra, however we observed substantial differences on the morphology of the organic residues from one sample to 

another. The structure of the organic residue and the repartition of the D, 15N and 13C within the residue seems to be 

sensitive to the formation mechanisms. The presence of D, 15N and 13C enrichements in the residue around holes 

associated with bubbles formed during the annealing suggests that specific components of the residue’s precursors 

can be concentrated during the residue’s formation events. Ice-sandwiches where ammonia is the major component 

of the ice sandwich (14NH3-12CH4 (90:10)) have led to the formation of low quantity of organic residue, resulting from 

the sublimation of most of the irradiated material during the annealing. These results can provide new constraints on 

the formation of organic matter by irradiation of icy bodies’ surfaces at large heliocentric distance. 
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