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-CARBON IN THE METAL OF BISHUNPUR AND OTHER ORDINARY 
CHONDRITES; S. Mostefaoui and C. Perron, MusCum National dlHistoire Naturelle, 75005 
Paris, and Institut dlAstrophysique Spatiale, Orsay, France. 

In the course of a study of Fe-Ni metal composition and inclusion content in primitive 
chondrites [I], we have found that graphite inclusions are common in the metal of Bishunpur 
(L3.1). The identification of the inclusions was made by optical microscopy, and confirmed by 
SEM-EDS and/or Raman microprobe. This carbon may have played a role in redox processes 
during chondrule formation. A preliminary survey of a number of H, L and LL chondrites of 
all petrologic types revealed similar inclusions in several other chondrites, although apparently 
not quite as abundant as in Bishunpur. 

Although the association of carbon with metal has been noted in OCs [2,3], the 
occurence of graphite in metal was thought to be restricted to very reduced meteorites [4,5]. 
However, in Bishunpur, we find graphite in a large proportion (roughly one half) of the large 
metal grains outside chondrules (fig. 1). Some of these grains contain silicates looking very 
much like chondrule fragments (e.g. pyroxene in mesostasis), supporting the idea that they 
went through the chondrule-forming process (i.e. they were expelled from molten chondrules 
or directly made as silicate-poor, metal-rich chondrules). The graphite inclusions usually are of 
irregular shape, 1 or a few pm across, but inclusions up to -25 pm have been observed (fig. 
2). Apart from rare exceptions not described here, C-containing grains do not contain Cr, i.e. 
no tiny chromites are seen in the metal and no Cr is detected with the electron microprobe, 
contrary to most metal grains in chondrules and many outside chondrules [1,6]. SEM-EDS 
analyses of the graphite show it is essentially pure carbon, although the Fe and Ni X-ray lines 
from the surrounding metal are also seen for small inclusions, and a small oxygen line is 
usually also present. The Raman spectra only show the graphite bands (fig. 3). Taken at face 
value, the ratio of the intensities at 1581 and 1355 cm-I in the spectrum of fig. 3 would indicate 
a crystallite size of about 60 A [7]. However, the measurements have been made on polished 
sections and it is well known that polishing can have important effects on graphite Raman 
spectra [e.g. 81. We checked this by taking spectra of graphite from the Canyon Diablo 
meteorite both with and without polishing. This confirmed that polishing strongly increases the 
bands at 1355 and 1620 cm-l. Graphite i n  Bishunpur metal is thus probably much more 
"ordered" than it appears from the spectra. 

What is the origin of the C inclusions? It has been shown that Si, P or Cr in the metal 
of primitive OCs are in tiny inclusions, which precipitated from solid solutions during 
metamorphism [I]. Graphite inclusions may have formed the same way, either directly or 
through formation of metastable cohenite. The much larger sizes reached by C inclusions are 
likely due to its much larger diffusion coefficient in Fe-Ni. Although incorporation of Si, P, Cr 
in metal is widely accepted as resulting from condensation in the nebula [e.g. 61, it has been 
argued that it may have occurred during chondrule formation [I]. In this latter case, carbon 
may be the reducing agent. Depending on its abundance in the chondrule precursor material, 
substantial reduction leading to measurable amounts of P, Cr or Si in Fe-Ni may use up all the 
carbon, leaving no graphite inclusions in metal now containing chromite inclusions (i.e. metal 
now seen inside chondrules, and some metal grains outside chondrules). On the other hand, the 
graphite-bearing grains could have been expelled from molten chondrules too early for 
substantial reduction to take place, explaining why these grains usually contain no Cr. This 
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would imply that dissolution of C from a C-bearing precursor material into metal was much 
faster than Cr reduction and dissolution, or C was already in metal before chondrule formation. 

We looked for graphite in the metal of other chondrites. Polished sections of 20 Ocs 
were surveyed. Graphite inclusions in metal were found in 6 of them: Khohar, Inman, Mezo- 
Madaras (all L3), Tieschitz (H3, and in this case, one inclusion was found in troilite), 
Massenya (H5?) and Manych (LL3), and also, in agreement with [9 ] ,  Acapulco. Raman spectra 
of graphite taken from these chondrites and from enstatite chondrites vary somewhat but show 
no clear systematic effect of the petrologic type. Again, however, the effects of polishing may 
mask real effects. 
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Fig. 1: Backscattered electron image of a graphite-bearing metal grain in Bishunpur. Kamacite is light grey, taenite 
is white, troilite dark grey. The 5 large black patches are pyroxene, peppered with sub-pm metal blebs, like the 
dusty olivines commonly found in chondrules. The graphite inclusions are small black dots, the largest one is 
indicated by C. 

Fig. 3: Raman spectrum from the graphite inclusion of fig. 2. Spectra from other inclusions are very similar. 
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