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A technique is described for obtaining stepped combustion release profiles and isotopic 
measurements from small samples of silicon carbide separated according to grain size. Preliminary 
results for the 0.2 to 0.8 pm fraction of Murchison are presented, they suggest that the bulk of the 
S i c  in this meteorite is < 0.2pm in size. 

It is now quite clear that interstellar S i c  in primitive chondrites has a wide size distribution. 
Individual grains of different dimensions have been studied by ion probe [eg. 11 whilst aliquots of 
size separated material have been used from noble gas studies employing stepped heating for 
extraction purposes [eg. 21. S i c  has also been investigated on many occasions by the technique of 
stepped combustion. So far any effort to correlate the carbon yield and 6 1 3 ~  measurements 
obtained by the combustion method with the ion probe and other data on size fractions has up to a 
point relied on intuitive or circumstantial arguments. The most relevant results derive from studies 
of an acid resistant residue (ARR) from the Indarch meteorite [3] and the analysis to two small 
ARR fractions from the Murray carbonaceous chondrite [4,5]. Information of the type we seek is 
vital to the separation, understanding and characterisations of various types of interstellar grains so 
that the relative proportions of contributions to the early solar system can be established. 

Now that static vacuum mass spectrometers are routinely employed for carbon and nitrogen 
isotope measurements at the picomole to nanomole level, it should be feasible to burn relative small 
(sub-microgram) aliquots of S i c  to ascertain their stepped combustion properties, isotopic 
composition and trace nitrogen abundance and 6 l 5 ~  values with an eventual aim of correlating with 
noble gas and other data. The major problem with pursuing such an ambition is processing small 
specimens without losing or contaminating them. Herein we describe a preliminary investigation of 
a procedure for treatment of acid resistant residues, which involves minimal handling of grain size 
fractions destined for analysis by the stepped combustion method 

The method is based on the use of Millipore (Millipore Corporation, Bedford, MA) membranes 
with the capability of filtering submicron particles. Murchison ARR was obtained by our usual 
HF/HCL/Cr2Q2- and HClO4 (1800C) treatment. Before separation of Sic, the colloidal diamond 
was removed in aqueous ammonia. A suspension of the coarse fraction containing S i c  and oxide 
grains was passed through a 1 cm diameter, 0.8 pm, Millipore filter and then a 0.2 ym filter, using 
a syringe and stainless steel membrane support. The material collected on the 0.8 ym membrane 
was designated MF-1; that on the 0.2 pm filter (grains between 0.2 and 0.8 pm)MF-2. After 
drying, sectors cut from the membrane MF-2 were taken for carbon isotope analysis but first they 
were treated with Cr2Q2- (800C) and HClO4 to destroy the organic substrate in situ in the quartz 
tube to be employed for the combustion. In one case MF-2A, perchloric acid at 800C for 30 
minutes was also used; in another, the sample MF-2B was left for 12 hours at 200C with perchloric 
before heating to 800C for 30 minutes. As a further precaution, the quartz vessel was combusted 
repeatedly at 6000 C to remove any last vestige of filter material or other terrestrial contaminant, 
before the stepped combustion proper was carried out. 

In the figure, we compare the stepped combustion analyses for MF-2A and MF-2B with the 
stepped combustion of a Murchison ARR similar to the one from which they were derived. Both 
the samples of 0.2 to 0.8 pm grains revealed a maximum carbon yield from combustion at between 
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1200 to 12500C. MF2A gave a maximum 813C of +1414%0 at this temperature comparable to the 
plateau value for the bulk residue. We were unable to obtain isotope measurements for the 
maximum carbon released between 1200 and 12500C for MF2B because of an analytical problem 
but the 1150 to 12000C step, (the second largest yield) gave a 613C of + 1224%0. The replicate 
release profiles we obtained for MF-2A and 2B are matched almost identically by that from a 
combustion performed for a sample of synthetic silicon carbide nominally less than 1 pm in size 
[ 6 ] ,  (see dotted profile compared to MF-2B). A clear difference between MF-2A and 2B is the 
presence of a small amount of carbon with 613C up to +1345%0 burning at 8000C. Since the 
difference between the two samples is only the nature of the HClO4 treatment, it is tempting to 
suggest that MF-2A contains a component of 13C enriched carbon which had not been eliminated 
by the acid. 

Perhaps the most surprising observation which can be made from the data is the lack of carbon 
burning at temperatures around 10500C, the step with maximum carbon yield for the unseparated 
Murchison ARR. On the basis of this information, we can surmise that the greater part of the S i c  
mass in Murchison is in grains which are less than 0.2 pm in size. Although Stokes saw settling 
results from Amari et al. [7] are consistent with 0.1 to 0.2 pm S i c  grains being most abundant by 
mass, these workers suggested that less than 0.2 pm particles constitute only ca. 30% of the 
overall mass compliment of Sic .  There are undoubtedly severe problems in manipulating tiny 
grains which may account for the observed descrepancy between the two sets of results. 

In conclusion, the techniques reported here seem very appropriate for obtaining data for carbon 
and its isotopic compositon from small S i c  samples. Even if these highly resistant grains are 
deliberately contaminated by physical processing, a combination of chemical treatment and stepped 
combustion allows the information they contain to be recouped. 
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