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CARBONACEOUS PHASES m ANTARCTIC MICROMETEORITES AND THEIR 
MINERALOGICAL ENVIRONMENT. THEIR CONTRIBUTION TO THE POSSIBLE ROLE OF 
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~ . ~ e r r e a u l J .  ~CSNSM, Bat.104, 91405-Orsay, France; LEM, ONERA, BP 72, 92322 Chatillon, 
France; 3Centre de Biophysique Moleculaire, 45071 Orlkam, France; 4Naturhistorisches Museum, 
Postfach 4 17, A- 10 14 Vienna, Austria; 5 ~ A ~ A ,  Observatoire de Paris, 92 195 Meudon. 

About 90% of AMMs are fine-grained aggregates with carbon contents higher than those in 
Orgueil(1). Analytical TEM observations on a scale of =100nm indicate that the carbonaceous 
components can be related to three distinct texturdchemical groups, including: (i) a "COPS" ferrihydrite 
phase (rich in C, 0 ,  P and S) previously observed by SEM in large voids of AMMs (2); (ii) a dominant 
"diffuse" component, always associated with a he-grained mineral matrix; (iii) a few microvesicles with 
sizes ~100nm.  Beside the COPS phase, PAHs have recently been identified in all types of AMMs at 
concentration levels of 1-l0ppm (3). These carbonaceous components are in contact with potential 
catalysts, including metal oxides and sulfides and a variety of partially dehydratedldisordered 
phyllosilicates. We try to assess whether AMMs could behave as "catalytic-aggregates" for a variety of 
chemical reactions in both gaseous, liquid and "icy" phases, either on the Earth or on other solar sytem 
bodies like Mars and Titan. 

Figure 1 shows TEM micrographs of ultramicrotomed sections of two micrometeorites in which the 
average C/O ratios (listed in ref. 4) are 1.1 and 0.3, respectively, (the corresponding value for Orgueil is 
0.27). They illustrate the inhomogeneous distribution of the carbonaceous material present in: (i) a COPS 
"fibrous" phase (fig. la) showing diffraction rings typical of ferrihydrite similar (except for its high content 
of P) to the S and C rich "poorly characterized phase" abundant in primitive meteorites (5); (ii) a dominant 
diffuse component (fig.lb); (iii) =100nm size microvesicles observed in the porous structure of AMMs 
(fig. l c  to le). Both the COPS phase and the diffuse component, that represent about 10% and ~ 9 0 %  of the 
carbonaceous material, respectively, are always associated on a scale smaller than lOOnm with a very fine- 
grained mineral matrix frequently containing Ni. The microvesicles are made of a C and 0-rich material, 
with no P, S, C1 and Ni detectable by Energy Dispersive X-Ray Spectrometry (EDS). 

Recently, Clemett et a1 (3) used laser stimulated desorption to search for PAHs in a selection of 7 
AMMs including all major textural groups and in samples of Orgueil, Murchison and Allende. In the 
primitive meteorites, desorption yields (normalized to 1.0 for Allende) are 0.17 and 0.05 for Murchison 
and Orgueil, respectively. They are not related to total carbon contents (Orgueil contains about 6 times 
more C than Allende), but rather to a scale of aqueous alteration sharply increasing from Allende (the 
driest meteorite) to Orgueil, which rarely contains anhydrous phases. All 7 AMMs desorbed PAHs with 
desorption yields intermediate between those of Allende and Murchison, and for six of them the simple 
PAHs spectra are similar to those of the 3 meteorites. 

Detailed comparison of the EELS (Electron Energy Loss Spectrometry) and EDS spectra of AMMs, 
acquired on the same spot show that the carbonaceous components are associated on a scale of ~ 1 0 0  nm 
with mineral phases including a variety of potential catalysts (i.e. metal sulfides and oxides, and partially 
dehydratedldisordered clays). Furthermore, AMMs are enveloped in a ~1 pm-thick shell of magnetite, that 
may increase their durability in the terrestrial environment and probably help confining organic reaction 
products within AMMs. These texturaVchemicaVmineralogica1 features support a model where AMMs are 
assimilated to "catalytic-aggregates", first synthetized in a microgravity environment, and then somewhat 
partially reprocessed upon atmospheric entry. They might yield a variety reaction products when 
interacting with the terrestrial environment (atmosphere/water/ice), or with other solar system bodies such 
as Mars and Titan. 
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This is also applicable to the smalller SIDPs. In particular, their complex PAHs spectra are very 
different from the meteoritic ones, showing in particular a unique predominance of "odd" mass numbers, 
probably related to the fixation of nitrogen in the PAHs structure. It is interesting to compare the chemical 
reactivity of both types of PAHs, for a better assessment of their possible role in the synthesis of prebiotic 
molecules on the early Earth. 

The S-poor microvesicles could represent a thin coating of carbonaceous materials first deposited on 
either soluble minerals subsequently leached out in melt ice water during the collection of AMMs, or on 
very volatile organic phases "gently" sublimating upon frictional heating in the atmosphere. Microvesicles 
with a much more complex texture and a much larger content of sulhr, but with a comparable size and 
wall thickness, were also observed in 1984 by Pflug (6) in the carbonaceous residue obtained after the 
demineralization of a chunk of Murchison. 

The new "nanoSIMS" developed at-ONERA has a proven spatial resolution of 20nm for multielement 
ion imaging. Such "nanomappings" (including P), should yield clues about the formation of the 
microvesicles, their catalytic environment, and their processing when exposed to liquid water andlor heat. 
Whether they have somewhat incorporated phosporus in their structure 4 billions years ago, thus possibly 
becoming "primitive" precursors of cell membranes, is open to question. 

Figure 1 (scale bar 100nm) 

(a) COPS phase (arrowed) (b) carbonaceous diffuse phase (arrowed) 

(c), (d), (e), three examples of microvesicles. 
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