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Introduction: The Paris meteorite is the least altered CM2 classified so far [1], and thus, a good witness of the 

Solar System early history. The first objective of this study is to analyze the mineral and organic composition of a raw 
chunk of the Paris chondrite without any preliminary preparation or extraction of the sample. The aim is to obtain 
simultaneous chemical characterization of organic and mineral phases while preserving their spatial distribution within 
the meteorite fragment. The second objective is to obtain laboratory spectroscopic measurements which can be com-
pared to data obtained by space missions as well as by remote observations of cometary dust and asteroid surfaces.  

Materials and methods: This study is carried out by coupling typical remote sensing tools (IR and visible reflec-
tance spectroscopies) to TOF-SIMS (Time-Of-Flight Secondary Ion Mass Spectrometry), a high spatial resolution 
technique that was embarked on the Rosetta space mission (the COSIMA instrument [2,3,4]), and that is planned to 
be performed on future collected asteroidal samples [5,6]. Both mid-IR spectroscopy and TOF-SIMS are performed 
in imaging mode with a spatial resolution of a few micrometers for the first and 1 to 2 µm for the latter. We also add 
micro-Raman and micro-PIXE measurements of the same sample area as an independent confirmation or clarification 
of the mineral composition, in order to have a better understanding of the mineralogical context of the organic moieties 
and components found by TOF-SIMS and IR. The depths of analysis of these different methods are: from a few 
hundreds of nm to a few µm for the IR and Raman spectroscopies depending on material absorptivity, from 10 to 20 
µm for micro-PIXE, the first 10 nm from the surface for static SIMS, and up to a few 100 nm for dynamic SIMS (3D 
imaging using argon cluster gun). 

Results and discussion: The matrix of Paris is found to be as dark as the very dark asteroids Ryugu and Bennu 
currently visited by Hayabusa2 and OSIRIS-REx [7,8]. By combining the results given by micro-PIXE, TOF-SIMS 
and IR and Raman micro-spectroscopies, we are able to show the different stages of hydration and amorphization of 
the amorphous silicate phase dominating the matrix of the analyzed Paris fragment. The infrared signatures of water 
and hydroxyl groups mapped for a chosen large area (500 x 500 µm²) of the meteorite fragment give a good idea of 
the circulation of the fluid that partially altered the amorphous silicate phase. TOF-SIMS, one of the rare techniques 
allowing the simultaneous and micrometric analysis and mapping of organic and mineral mixed phases, gives an 
interesting insight on the organic matter composition and its systematic spatial association with the partially hydrated 
amorphous silicate phase and iron under different states. This latter result illustrated in previous studies of other car-
bonaceous chondrites [9,10] together with the detection by TOF-SIMS of metal-containing organic moieties, empha-
sizes the important and specific interaction that must take place between the mineral phase and the organic material.  
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