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Introduction. Most forms of natural and anthropogenic ter-

restrial carbons can be found in the extra-terrestrial carbons. In-
soluble Organic Matter (IOM) frequently show surprising asso-
ciations of carbon phases [1]: graphitic carbons, stricto sensu 
graphite, onions, (nano)diamonds), usually synthesized in very 
different conditions of temperature and pressure. To explain these 
associations, different processes must be involved (condensation, 
accretion, metamorphism on the parent-body, differentiation, 
shocks,…). All these natural processes can be compared with 
possible synthetic earth materials analogues, obtained in well 
constrained conditions as laser pyrolysis of hydrocarbons [2] , 
shocks on graphite [3]. 

A series of meteorites was studied from primitive chondrites 
(CI) up to more metamorphosed ones (CM, CV3, ordinary chon-
drites, enstatite chondrites). Carbon components were classically 
separated from the mineral matrix with HCl-HF. They were char-
acterized by high-resolution Transmission Electron Microscopy 
(HRTEM) [2,4]. Lattice fringe mode allows to image carbon 
nanostructures (lamellar, porous, concentric,…). Diamond 
(d111=0.206 nm), graphitic carbons (d002>0.35 nm), and graphite 
(d002= 0.3354 nm) can be distinguished. A special attention is 
paid on the phase relationships at the nanoscale between different 
carbon components [3]. An original image analysis is used to ob-
tain more quantitative structural data [2] .  

Results and discussion: The IOMs are heterogeneous. The 
main phase is usually disordered graphitic carbons. All the stud-
ied meteorites contain also minor phases as nanodiamonds, soots, 
onions, carbon-coated sulfides and amorphous nanoglobules.  In 
the most primitive chondrites, the main component shows a 
nanoporous nanostructure. It is made of small (< 1nm) polyaro-
matic structures, frequently not stacked and strongly disoriented 
[4,5]. Our image analysis shows the mean interlayer spacing is as 
large as about 0.5 nm. With increasing petrologic type, the IOM 
organization clearly increases [1,4]. For instance, in Allende 
(CV3.6), the aromatic layers are much longer (up to a few nm), 
better stacked (stacks of 3-6 layers), and the mean interlayer 
spacing is smaller (up to 0.43 nm). Together with this disordered 
component, quasi-perfect lamellar graphite can be found, for in-
stance in the Kainsaz CO3 carbonaceous chondrite and Allende 
chondrite. Such general evolution well agrees with Raman mi-
crospectrometry data [6]. Direct HRTEM imaging at the nano-
metre scale of the various IOM components can be thus con-
fronted with Raman structural information which is averaged at 
the micrometre scale. The coupling between HRTEM and Raman 
data appears promising for chondrite IOM characterization. 
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