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Cometary organic matter
still a contentious issue

Sir—Hoyle and Wickramasinghe' ques-
tion certain aspects of our model of the
3.4-um feature in the coma of comet Hal-
ley as thermal emission from organic
grains’, Our basic contention is that if the
infrared spectra of freeze-dried bacteria
do acceptably match the cometary spectra
— a matter in dispute — this is because of
simple organic functional groups that are
present in many abiogenic organics. We
therefore do not believe, as Hoyle and
Wickramasinghe charge, that our prefer-
ence for a non-biological explanation is
due to our “strongly-held cultural pre-
judice that there is no life outside the
Earth”. (Indeed, one of us has made a
considerable effort over three decades to.
seek evidence relevant to such life.) We
do concede, however, that we should
not have described the fit between the
bacterial model and the 3.4-um feature
as providing “no” evidence for cometary
biology; rather, we should have said that it
provides no persuasive evidence as much
more plausible alternatives exist. The
recent comparison’ of ‘bacterial’ and
‘abiotic’ models leaves unanswered such
questions as how the bacterial emission
model somehow fits the 3.05-um absorp-
tion feature, or whether this model
implies emission features at longer wave-
lengths where none is observed.

Hoyle and Wickramasinghe ask what
“definite observation” we can cite for our
“belief in the production of a specific mix-
ture of organic materials in significant
quantity” from irradiated C- or N-bearing
ices. The production of organics from such
ices has an experimental history extending
over a quarter of a century**, and was
recently the subject of an international
workshop’. The application of such experi-
ments to the outer Solar System has
recently been surveyed®.

Most points raised by Greenberg and
Zhao’ with reference to our original
correspondence' are addressed directly in
our subsequent letter’; indeed, several of
their points are possibilities which we
explicitly endorsed. They object to “the
assumption that a methane ice clathrate
has any relevance to the comet nucleus.”
But recent work based on in sifu data from
the Giotto ion mass spectrometer indi-
cates that CH, is present in the Halley
coma with a production rate about 2%
that of H,O". In cometary ices, clathrates
are thermodynamically favoured”. By no
means, however, did we argue that CH,
clathrate is the only plausible candidate
ice yielding radiation-processed organics,
and our group has examined a range of
alternatives*". However, interstellar dust
particles of probable cometary origin

provide “nothing resembling the Green- |

berg model " (see ref. 15). Nor did we
claim that only post-accretion cosmic-ray
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processing is important for the formation
of organics. Rather, we concluded’ that
most organic Halley dust “is probably
jetted from the interior, with organics thus
due mainly to processing by radionuclides
and pre-accretion irradiation”.

- Greenberg and Zhao note that “no pub-
lished laboratory residue spectrum prov-
ides a perfect fit to the Halley dust emis-
sion”. But no single model can yet hope to
encompass the entire range of complexity
of the formation and time-variable infra-
red emission of cometary organics. It is
not even certain that the 3.4-um feature
is wholly due to thermal emission from
organic grains’, rather than, for example,
gas-phase fluorescence. As is often the
case in science, the present debate is not
about which mechanism is ‘the’ answer,
but rather about the relative merit of com-
peting models.

Our model makes specific testable pre-
dictiois for the heliocentric evolution of
cometary emission features, to be tested
by observations planned for comet
Brorsen—Metcalf in 1989 (C.C. and C.S.,
preprint). We hope the infrared astro-
nomy community will take full advantage
of this apparition. Only further experi-
mental work, tested against such obser-
vations, can sift through the range of
alternative models.

CHRISTOPHER CHYBA
CARL SAGAN
Laboratory for Planetary Studies,
Cornell University,
Ithaca, New York 14853, USA

1. Hoyle, F. & Wickramasinghe, N.C. Nature 331, 123-124
(1988).

2. Chyba, C. & Sagan, C. Nature 330, 350~ 353 (1987).

3. Hoyle, F. & Wickramasinghe, N.C. Nature 331, 666 (1988).

4. Berger. R. Proc. natn. Acad. Sci. U.S.A. 47, 1434-1436
(1961).

5. Khare, B.N. & Sagan, C. in Molecules in the Galactic
Environment (eds Gordon, M. & Sayder, L.) 399-408
(Wiley, New York).

6. Greenberg, I.M. et al. J. phys. Chem. 87, 42434260
(1983).

7. Proc. Int. Workshop on Laboratory Smulation of Organic
Cometary Material, eds Kissel, J. & Strazzulla, G. (Uni-
versity of Catania, 1987).

8. Thompson, W.R.etal. J. geophys. Res. 92,14,933-14,947
(1987).

9. Greenberg. .M. & Zhao, N. Nature 331, 124 (1988).

10. Chyba, C. & Sagan, C. Narure 329, 208 (1987).

I1. Allen, M. et al. Astron. Astrophys. 187, 502512 (1987).

12. Delsemme, A.H. Mem. Soc. R. Sci. Liége 9, 135-145
(1976).

13. Khare et al. Icarus (submitted).

i4. Walker, R.M.. in Infrared Observations of Comets Halley
and Wilson, NASA Conf. Publ. (ed. Hanner. M.) (in the
press).

I15. Brownlee, D.E.. in Infrared Observations of Comelts

Halley and Wilson, NASA Conf. Publ. (cd. Haaner, M.)
(in the press).

Long-term climate changes
from crystal growth

Sir—In a recent letter to Nature', Petit et
al. proposed that the small grain sizes in
Wisconsinan ice from Vostok Station and
Dome C, East Antarctica, were caused by
the cold surface temperatures at the time
of deposition. A further analysis of the
relevant data indicates that their proposed
temperature ‘memory’ can last only hours
rather than thousands of years, and that

the small grain sizes in Wisonsinan ice are
probably caused by the drag effect of the
soluble impurities in that ice’,

Petit et al.' proposed that the grain-
growth rate is controlled by the concentra-
tion of self-interstitials in the ice lattice
near grain boundaries, and that this con-
centration becomes fixed soon after
deposition and does not change until the
onset of recrystallization near the glacier
bed. Formation of self-interstitials is
thermally activated, and free surfaces
(bubbles or pores) serve as sources Or
sinks for self-interstitials during tempera-
ture changes®. The proposal of Petit et al.'
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Temperature dependence of grain growth in
polar ice. Impure coastal sites are shown by
crosses. Data include all points from ref. 1, plus
further points from refs 5 and 9.

thus requires that the diffusion distance
for self-interstitials over time ¢ = 10" yr is
small compared with the spacing between
pores (=~ 107> m), so that equilibrium is not
established. At —60 °C (the approximate
temperature of Vostok and Dome C) the
diffusion coefficient for self-interstitials is
D =3x10"m’s™' (ref. 3). Estimating the
diffusion distance as (Df)"* excess inter-
stitials will diffuse 10~ m in about 1 h. (A
more exact calculation for diffusion to a
spherical bubble®, using data for Wiscon-
sinan ice from Dome C, shows that excess
interstitials quenched into ice by an
instantaneous cooling from -10 °C
to —60 °C would be reduced to less than 1
per cent of the equilibrium concentration
at —60°Cin less than a day.)

A similarity between the activation
energy for volume diffusion in ice and that
for grain growth, calculated from an
Arrhenius plot of growth rates at different
polar sites, is cited as evidence' that
volume diffusion of self-interstitials con-
trols grain growth. But similarity of activa-
tion energies is not sufficient to demon-
strate equality of mechanisms. Further-
more, reanalysis of available data shows
that the activation energies are signifi-
cantly different in this case. Petit et al.'
combined data corrected for the section
effect (the difference between the average
cross-sectional area of a grain on a plane
of section and the true cross-sectional
area) with uncorrected data. The figure
shows an Arrhenius plot similar to that of
Petit er al.', in which available data have
been corrected in a geometrically consis-
tent manner to match Gow’ as closely as
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