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Recently, extended low temperature combustion experiments (preparative precombustion) 
were performed on an acid residue (ARC III) obtained from the Allende meteorite by HF/HCl 
and HN03 treatment (Ash et al, 1990). An objective of the experiment was to remove the bulk of 
the amorphous carbon (Cy) and microscopic diamond (Cg) to search for the presence of more 
stable carbon phases, and in this respect the investigation was successful. One of the more 
surprising results obtained concurrently, however, was that the sum of the amounts of carbon 
liberated during 52, 28,28 and 76 hours at 4000C plus 52 hours at 450-510°C exceeded the 
anticipated bulk carbon content of ARC III by about 37%; the actual values obtained being 52.2 
wt % vs. 38.2 wt % respectively. The release of extraneous carbon could be traced to early 
stages of the precombustion by a systematic trend in isotopic composition which is inconsistent 
with mass balance calculations. Unfortunately the 613C of the adhtional carbon is not diagnostic 
of an extra solar provenance or even indicative of indigeneity to the sample. A trivial explanation 
of the results could therefore be that manipulation of the sample of ARC 111 between the 
precombustion episodes introduced greater than normal quantities of contamination. Since 
arguments could be made against such an interpretation we were forced to consider, as an 
alternative, the existence of carbon isotopically lighter than bulk of the element in Allende 
(possible C8) as a rechondite component released from spinel grains in ARC III by the prolonged 
heating. The merits of the two explanations were examined in detail by Ash et a1 1990; the 
current series of experiments is designed to explore these possibilities further. 

All the combustions described below were canied out using a sealed tube method; 
samples were wrapped in a platinum envelope (Ash et a1.,1990) and kept separate from the 
copper oxide used as an oxygen source in case recovery of a residue was desirable. In a 
departure from the procedures used by Ash et a1 . (1990) the samples were weighed outside the 
clean room environment normally reserved for extratenestrial sample processing, so the risk of 
contamination should be marginally higher. The balance employed (Cahn.C31) is regularly used 
for weighing terrestrial diamond specimens at the several hundred microgram level. Its 
calibration, together with that of the capacitance manometer in the carbon dioxide extraction line, 
was checked by a series of analyses involving diamond chips between 10 and 50 pg, the range 
planned for Allende experiments. The data from these diamonds are plotted in figure 1; they 
show that the limit for weighing and blank errors is negligible. 

The Table below compares results from samples of ARC III cornbusted at 1000°C for 
short periods (10 hours) with those obtained from similar sized aliquots of the same batch of 
starting material burned for periods of up to two weeks. During the long term combustions the 
furnace temperature was periodically allowed to fall to 600°C in an effort to simulate the 
temperature cycling experienced in the precombustion work. From the Table it can be seen that 
there is essentially no difference in carbon yield or isotopic composition between short and long 
term combustions of ARC ID; these data are also in good agreement with those obtained by 
stepped combustion of a large specimen of the same sample (Ash et al., 1990) for which any 
blank or calibration errors would be compounded. The new observations are in contrast to our 
previous findings and would appear to rule out the existence of a rechondite component. 
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Mass (pg) 
172.4 
105.9 
124.3 
92.6 
Blank 

Combustion time 
10 hours 
10 hours 
10 days 
16 days 
16 days 

Yield (pg C) 
61.55 
38.21 
43.65 
31.58 
0.00 

9% Yield C 
35.70 
36.08 
35.12 
34.10 

613C (%o) 
-15.68 
-15.26 
-15.13 
-15.85 
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Since the long term experiments were not opened at any intermediate stage to the 

terrestrial environment, it seems most likely that the additional carbon noted by Ash et a1 . (1990) 
was contamination. For this to be a correct interpretation a number of coincidental circumstances 
are required. Firstly, the contamination must have occurred in only the first steps of the 
precombustion when the presence of a relatively high indigenous carbon content made it more 
difficult to recognise. Certainly in the later stages of the precombustion, when the indigenous 
component was low, there was no obvious contamination observable in stepped combustion 
experiments performed on aliquots taken from the precombustion residue. Secondly, the 
potential for contamination in the Ash et al. experiment must have been increased by 
precombustion activating the surface of grains in ARC lII (a suggestion made by R. Becker pers. 
comm.). Furthermore, once acquired the contamination would have to be very difficult to 
dislodge to be compatible with the observation that the extraneous carbon burns at 400 - 5000C. 

It is possible to play devil's advocate and suggest that the sealed tube experiments do not 
provide a true simulation of the precombustion. For example, (i) the attempt to recycle 
temperature is not faithful in that it does not include a sojourn at room temperature, (ii) there is 
no intermittent manipulation of the specimen which might facilitate the decrepitation (iii) the use 
of 10000C for combustion might anneal grains rather than erode them, (iv) the sample sizes used 
here are small (=100pg) compared to the 14.5 mg employed for precombustion by Ash et al, 
thus particularly large mineral grains might not have been sampled 

Another test which has been performed avoids some of these difficulties. An oxide 
mineral (spinel) residue, ARC UI S 1 prepared from ARC III by removing Cy (Cr2072-/H~104) 
and Cg (colloidal separation in NH3) (Ash et al. 1989), was precombusted. As can be seen from 
Figure 2 the cumulative yield from the precombustion experiment asymptotically approaches the 
bulk carbon value of 0.43% (Ash et a1 ., 1989). The stepped combustion of ARC III S l  was 
carried out in a fashion anaSogous to ARC ID with periodic cycling to room temperature for 
extraction of aliquots for stepped combustion (details of these anlayses will be reported 
elsewhere). The data in Figure 2 show no evidence of a rechondite light carbon component 
associated with Allende spinel (this is not intended to infer that C8 does not exist in Allende) but 
by the same token they also demonstrate that it is not spinel which provides the active, easily- 
contaminated, surface. 

One interpretation compatible with all the above information would be that Cg is the 
culprit; the dangling bonds at the surface of nanometer-sized diamond might be very prone to 
attracting contaminants and securing them. An extension of this line of reasoning would require 
that in the original ARC III (indeed in the meteorite itself) C might be bound to Cg affording it a 
measure of protection, so that contamination only occurs once some Cy has been removed. Lf 
demonstrated to be true this would imply a common provenance for the two carbon components; 
such an idea is not inconsistent with formation by chemical vapour deposition mechanisms 
(Pillinger et a1 1989). 

References: Ash et a1 1990 GCA in press, Ash et a1 1989 L.P.S.XX pp 26-27, 
Pillinger et a1 1989, Met. Soc. Conf. Abst. p. 197. 
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