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Graphite grains come in a variety of 
morphologies, but only the rounded ones 
(see micrograph on facing page) apgear to 
have large anomalies in their 2C/13C 
ratios. Amari and colleagues find that 
these range from 2 to 7,300 (a typical Solar 
System value is 89). The isotope ratios fall 
into several distinct groupings. The ques
tion facing experimentalists and astro
physicists alike is, how many sources of 
graphite does this represent? 

Similar questions are being asked for 
those other carbon-bearing interstellar 
dust grains, diamond and silicon carbide. 
In the case of diamond, for which the 
12C/ 13C ratios vary only slightly from one 
meteorite to another5

, and the size dis
tribution reflects a low degree of 
processing6

, there need be only a single 
source (two at most). However, because 
the grains are so small (typically 1 
nanometre across), analyses are done on 
millions of crystals rather than indi
viduals, so the measured isotope ratios 
might simply represent the average of 
many sources of pre-solar dust. For silicon 
carbide grains, which are sometimes large 
enough to be analysed individually, isoto
pic information has been variouslr inter
preted as representing one source , or up 
to 75 (ref. 8). 

To settle the question, what is needed is 
the isolation of several grains that demon
strably come from a single source, and the 
newly discovered aggregates of several 
hundred silicon carbide grains9 may fit the 
bill. For various reasons it is unlikely that 
the aggregation took place in the solar 
nebula; it is more likely to have happened 
close to the source of the grains. The 
overall isotopic compositions of the 
clumps are close to the average of earlier 
individual analyses, so - if aggregation 
during the chemical treatments that pro
duced the grains can be ruled out - it 
looks as if the range of isotopic values seen 
previously could have come from a single 
source. 

So what of the variations in 12C/13C for 
graphite? Essentially, graphite, like sili
con carbide, will condense from a stellar 
source where the carbon/oxygen ratio is 
greater than 1. Carbon stars at the asymp
totic giant branch phase of evolution seem 
good candidates for the origin of silicon 
carbide. Curiously, though, the carbon 
isotopic compositions of graphite tend not 
to agree with those recorded in individual 
silicon carbide grains. Nor do they agree 
with those from carbon stars - puzzling, 
given that these are thought to contribute 
most of the carbonaceous dust to the 
interstellar medium. Why should the solar 
nebula have sampled an unrepresentative 
part of the interstellar medium? 

For those graphite grains that have high 
12C/13C ratios it is clear that nucleosynth
esis via helium-burning is required. Amari 
and colleagues suggest two new possibili
ties: Wolf-Rayet stars, at a period in their 
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Halloween crystals 

THESE macabre crystals formed over Halloween week-end last year. But sad to say neither 
supernatural forces, nor ingenious trick-or-treaters, have yet been implicated in their 
production. The cross (arms 0.5 mm in length) and coffin (complete with hinges) were a 
one-off, bizarre result of experiments involving crystallization of complexes of horse 
cytochrome c and its antibodies by vapour diffusion in hanging drops; normally the result 
is crystals 0.5 mm long resembling nothing so much as the everyday rock. The group 
concerned- a collaboration between researchers at the Universities of Minnesota and 
Illinois at Chicago, and Argonne National Laboratory- will test the reproducibility ofthe 
cross-and-coffin effect this Sunday. Ghostbusters are on standby. Those interested in the 
earthly aspects of the work can read about them in a paper by Ronald Jemmerson and 
colleagues, now in press with Acta Crystallographica. T. L. 

evolution when the products of helium
burning rise to the surface; and helium
burning in the outer shells of massive 
stars, before they explode as type II 
supernovae. The accompanying isotopic 
evidence e4N/15N, 160/180, 2t)Al) does 
not, sad to say, enable a distinction to be 
drawn between these possibilities. It 
seems unlikely, though, that the large 
sizes of some of the graphite grains could 
be accounted for by supernovae. 

It looks like graphite will turn out to 
have multiple sources, but for a complete 
understanding of those sources, we need 
still more isotopic measurements. In par
ticular, noble gases seem to be essential. 
Krypton isotope measurements10 pin 
down the origin of some of the graphite 
grains to a pulsing star in the asymptotic 
giant branch, and neon from another 
subset of grains bears the signature of a 
nova explosion 11

• 

Those less interested in sources than in 
the nature and mixture of the dust grains 
that were drawn into the solar nebula will 
want to know the average isotopic com
positions of meteoritic graphite. For 
them, the painstaking analysis of many 
hundreds of individual grains may not be 
the quickest way forward, and progressive 
combustion techniques of the type em
ployed by Ash eta!. 12 may be preferable. 
Ash and co-workers discovered a compo
nent of carbon in the Allende carbon
aceous chondrite characterized by 12C/13C 

of 120. With hindsight, this isotopic value 
probably represents the average of a 
single population of meteoritic graphite. 
Yet a further population can be disting
uished by the component known as Ccx, 
which has a 12C/ 13C ratio of 66 (ref. 13). 
These numbers can now be used alongside 
average 12C/13C values for diamond (92.5) 
and silicon carbide (37), in chemical mod
els of Solar System formation. In the 
meantime, Amari and colleagues must 
continue their demanding task so as to 
satisfy the appetites of astrophysicists in
tent on describing the nucleosynthetic 
histories of Solar System materials. D 

Jan Wright is in the Department of Earth 
Sciences, The Open University, Walton Hall, 
Milton Keynes MK7 6AA, UK. 

1. Mullie. F. &Reisse. J. TopicsCurr. Chem.139, 83-117 
(1987). 

2. Ott, U. Nature364, 25-33 (1993). 
3. Amari, S., Hoppe, P., Zinner, E. &Lewis, R. S. Nature 

365, 806-809 (1993). 
4. Anders, E. ln Meteorites and the Early Solar System, 

927-955 (University Arizona Press. 1988). 
5. Russell, S. S., Arden, J. W. &Pi! linger. C. T. Science254, 

1188-1191 (1991). 
6. Lewis, R. S., Anders, E. &Draine. B. T. Nature339. 

117-121 (1989) 
7. Stone, J., Hutcheon, I. D., Epstein, S. &Wasserburg, G. J. 

Earth planet. Sci. Lett. 107,570--581 (1991). 
8. Alexander. C. M. O'D. Geochim. cosmochim. Acta 57. 

2869-2888 (1993). 
9. Russell, S. S. eta/. Meteoritics28, 425-426 (1993). 

10. Lewis, R. S. &Amari. S. Lunar planet. Sci. XXIII, 775 (1992). 
11. Amari, S. eta/. Nature345, 238-240 (1990). 
12. Ash, R. D. eta/. Nature336, 228--230 (1988). 
13. Tang, M. eta/. Geochim. cosmochim. Acta 52.1221-

1234 (1988). 

787 


	Halloween crystals

