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Introduction: The property of meteoritic 

presolar nanodiamonds to form a stable colloid in 
liquids with low pH, due to the negative charge 
they acquire because of formation of COOH- 
groups on their surfaces, is used to separate the 
diamonds from other acid-resistant components 
such as SiC, spinel and other oxides. This prop-
erty, which was discovered by Lewis at al. [1], 
provides a very effective way to produce pure 
diamond residue. Such residues, depending on 
their grain size, contain up to 80% of carbon 
which is close to the theoretical value (the rest 
being surface-adsorbed species such as H2O, O2 
and others). However, even such high purity dia-
mond residues always contain a very small 
amount (<1%) of isotopically heavy carbon (with 
δ13C up to +20‰ which is distinctly different 
from the carbon isotopic composition of the main 
diamond components, with δ13C of typically -30 
to -45‰). The coarsest grain-size fractions con-
tain the greatest quantities of the high δ13C com-
ponent. This isotopically heavy carbon is ob-
served during stepped combustion at relatively 
high temperatures after the main peak of carbon 
release. It is believed that this is  fine-grained 
SiC, which is also able to form a colloid. In order 
to investigate the properties of such SiC we de-
veloped procedures to enrich diamond fractions 
with the putative colloidal SiC and analysed them 
for their C and N isotopic compositions.  

Separation procedures and samples: Sam-
ples from two meteorites, Boriskino and Orgueil, 
have been prepared. For the colloidal diamond  
fractions, after separation from coarse material by 
centrifugation (20 minutes repeated 4 times), the 
samples were treated to centrifugation at ~103 g 
for ~6h. Small amounts of sediment produced in 
such a way represent the samples denoted BD-7 
and OD-8 respectively, which we analysed for 
carbon and nitrogen isotopes using our static 
mode machines Finesse and MS-86. 

Results: The main carbon release from each 
sample is in the range 400-550oC which corre-
sponds to what is usually observed for presolar 
diamonds (Fig. 1, 2). Apart from that both sam-

ples also contain  relatively large amounts of high 
temperature isotopicallyheavy carbon (up to 
+1400‰). Surprisingly, heavy carbon with δ13C 
up to +200‰ is also observed at much lower 
temperatures, close to the main carbon release. 
Indeed, from Figure 1 it can be seen that in Bo-
riskino (BD-7) a component with δ13C of +200‰ 
is released upon stepped combustion from about 
450-500oC; in Orgueil (OD-8, figure 2) the low-
temperature isotopically heavy carbon component 
is first observed in the 200-400oC step. At first 
glance this component would seem to have affini-
ties with what used to be operationally known as 
Cα (e. g. [2, 3]), with δ13C of +340‰ and com-
bustion temperature of 500-750oC (Ca has subse-
quently identified as graphite). In Boriskino and 
Orgueil samples there is a lot of nitrogen associ-
ated with the main carbon release; notably this is 
significantly lighter (δ15N up to -420‰) than is 
usually observed for nanodiamonds (-350‰). At 
higher temperatures, where the heaviest carbon is 
observed, the δ15N value becomes even more 
negative (down to -600‰). 

Discussion:  The is no doubt that the ex-
tremely heavy carbon and light nitrogen observed 
in the high temperature combustion steps corre-
sponds to SiC. The combustion temperature (900-
1400oC) corresponds to what is usually observed 
for the normal submicron SiC grains. Obviously 
the main low temperature carbon release consists 
of a mixture of nanodiamonds and which has 
similar combustion characteristics to diamonds, 
but with isotope signatures similar to that for SiC. 
In order to resolve these components we need to 
calculate their abundance assuming isotopic com-
positions. For diamonds we can use correspond-
ing results obtained for the original colloidal frac-
tions. For the unknown phase we suggest δ13C 
close to maximum measured in the temperature 
range (+200‰). The release patterns calculated 
by such a way are shown in Figure 3. For BD-7 
there is a clear peak; for OD-8 there appear to be 
two peaks. 
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It is known that for a particular grain size, SiC 
is combusted at significantly higher temperatures 
than diamond. Therefore if diamond and SiC are 
combusted at the same temperature  the grain size 
of SiC must be finer than that for diamonds.  This 
makes it rather unlikely that the unknown phase is 
nanometer size grains of SiC. However, it is also 
known [4, 5] that some SiC grains in meteorites 
can be combusted at relatively low temperature 
(500-800oC). Whether it is connected with their 
grain size or because their combustion tempera-
ture is reduced by other reasons, remains uncer-
tain. More attractive though seems to be a sugges-
tion that the unknown phase is nanodiamonds 
which come from AGB stars. Such diamonds 
have been directly observed in the atmosphere of 
an AGB star [6]. If so, the AGB diamonds would 
seem to form colloid less readily than the dia-
monds associated with supernova. The reason 
could be some difference in their grain size. 

An interesting question regarding to the find-
ing is what are the other isotopically anomalous 
components, apart from the  light nitrogen, pre-
sent in the nanodiamonds from AGB stars and in 
particular noble gases. Our analysis of implanted 
noble gases from SiC grains indicates [7] that for 
most noble gases implantation energy was  rather 
high, so that implantation ranges are comparable 
with SiC grain sizes. Therefore, if nanometre dia-
mond grains have been formed  together with 
SiC, the former should not contain most of the 
noble gas components present in the latter. 

We plan to investigate the samples by TEM 
and for noble gases in order to shed more light on 
the origin of the low temperature heavy carbon. 
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Fig. 1. Carbon release and isotopic composi-

tion  profile during stepped combustion of BD-7. 
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Fig.  2.  Carbon release and isotopic composi-

tion profile during stepped combustion of OD-8. 
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Fig. 3. Calculated release profile of the low 

temperature carbon with δ13C=+200. 
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