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More than 2500 spectra of comet Halley dust particles were measured in situ b y 
time-of-flight dust-impact mass-spectrometers PUMA-1,2 (1) onboard the VEGA 
spacecrafts. In this work we used 1868 compressed spectra obtained by PUMA-1 and 
500 compressed spectra obtained by PUMA-2. We investigated these spectra looking 
for the presence of Fe and Ni. Iron was identified in emission spectra of sun- 
grazing comets where radiation temperatures exceed lo3  K and can vaporize the 
refractory components of dust (2). Metal grains are well known in meteorites, but 
the queston about the presence of unoxidized metal grains and the possibility of 
their survival in a cometary environment has remained unclear. 

A spectrum was considered as Fe-rich if: 
5 6 ~ e / ~ ~ ~ ~ >  1 ; 5 6 ~ e / ~ 8 ~ i >  1 ; 5 6 ~ e / ~ O ~ a >  1 ; 

The number of such spectra in different mass groups is given in Table 1 
Percentages are relative to the total number of spectra in the given mass range and 
indicate that Fe-rich particles are more abundant among particles of larger mass. 

The following types of iron-rich grains were defined in accordance with 
their elemental composition: A- "metal", Fe/S>10.0; Fe/Si> 10.0; B - sulfides, Fe/S< 10.0; 
S/Si>S.O; C - silicates, Fe/Si<lO.O; Si/S>5.O and D - others. The results of this 
classification are presented in Table 2. 

In meteorites (3) all metal particles include Ni. In Table 2, percent of Fe-rich 
grains with Ni is about the same for all groups of particles independent of their 
composition. This makes identification of particles of the first group as pure metal 
quite uncertain and rather suggests the presence of Fe-oxide. (The complete loss of 
signal for oxygen in some spectra was reported (4) as a peculiar feature of PUMA 
instruments.) At the same time it is possible that Fe-Ni metal inclusions can be 
present in any of these Fe-rich grains. The histogram of the distribution of Ni/Fe 
ratio is  shown (only spectra with identified Ni were taken into account). The peak 
on this histogram lies in the range of values between 0.03 and 0.07 which is close to 
the typical for carbonaceous chondrites ratio 0.055 (5). Some spectra are Ni-rich - 
in 8 spectra ratio Ni/Fe is more than one. 

Iron in oxidized form points towards aqueous alteration and is consistent with 
data on layer silicates and Mg-carbonates in cometary grains previously discussed 
(6). These minerals may have been formed in situ by low-temperature aqueous 
activity (7) in nuclei of active short-period comets. Hydrocryogenic alterations has 
been hypothesized to take place in interstitial water layers at dustlice interfaces in 
dustlwater-ice mixtures below the melting point of water-ice. If this was the case 
then melted water was a local phenomenon, and the whole cometary nucleus is 
undifferentiated in accordance with astronomical observations (8). 

Presence of more C-associated grains among sulfides than among "metal" 
grains suggests that organic is  a separate independently formed component and 
contradicts the model of organic coating formed on a grain (9). If the latter would 
be the case then metal grains should have more organics as iron has been thought 
to catalyze organic synthesis reactions (10) while sulfur poisons it. Involatile 
organic matter has been observed in association with iron-bearing phases in 
chondrit ic  interplanetary dust part icles,  but there are significant  arguments 
against possibility of efficient iron-grain catalysis of organic compound synthesis 
in the solar nebula (11). The highest percentage of C-associated grains is in the 
group D ("other") which includes spectra containing the ions of the main rock- 
forming elements Mg, Si ,  Fe,  S with abundances within the same order of 
magnitude. Probably, these grains are conglomerats of silicate minerals, sulfides 
and metal inclusions embedded in an organic matrix. 
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CONCLUSION. Fe-rich panicles do exist in cometary dust and about one third of 
them shows the presence of Ni. Fe-rich particles are more abundant among 
particles of larger mass. There are metal, Fe-oxide, Fe-sulfides, iron-rich silicates 
and, of course, mixture of these minerals in cometary grains. There is no clear 
association between organic matter and metal or iron-oxide grains. 

REFERENCES 1. Kissel, J. et al. Nature 321, 280 (1986). 2. Preston, G .  AP J, 147,  718 
(1967). 3. Sears, D., Dodd, R. In Meteorites and the Early Solar System (eds. Kerridge, Matthews), 
3, Univ. of Arizona Press, Tucson (1988). 4. Evlanov, E. et al. In Chemistry in space (eds. Green- 
berg, Pirronello), 383, Kluwer, Netherlands (1991). 5. Anders, E., Grevesse, N. GCA 8 3 ,  197 
(1989). 6. Rietrneier, F.J. et al. LPSC 20,  904 (1989); Fomenkova, M.N. et al. Subm. to Science. 7. 
Rietmeier, F.J., Mackinnon, I.D. ESA-278,  363 (1987). 8. Delsemme, A.H. In Comets (eds. Wil- 
kening, Matthews), Univ. of Arizona Press, Tucson (1982), 85. 9. Bradley, J.P. et a1 Science, 223, 
56; Bradley, J.P.et a1 In Meteorites and the Early Solar System (eds. Kerridge, Matthews), 861, 
Univ. of Arizona Press, Tucson (1988). 10. Hayatsu, R., Anders, E. Topics in Curr. Chem. 99,  1 
(1981). 11. Fegley, B. In Proc. of Comet Nucleus Sample Return Workshop, Mipitas, CA (1989). 

TABLE 1. Number of Fe-rich spectra for each mass range. 

mass  PUMA- 1 PUMA-2 
< l0- l5 g 36 6.8% 6 4.7% 
10- l5  g - 10-l3 g 3 2 3.9% 14  5.4% 
> 10-l3 g 52 10.1% 13 11.7% 
a l l  123 6.4% 33 6.6% 

TABLE 2. Chemical composition of Fe-rich particles. 

PUMA- 1 
n u m b e r  % with Ni % with C 
of spectra 

A 23 39 52  
B 35 2 3 8 3 
C 15 40  7 3 
D 50  34  94  

PUMA-2 
n u m b e r  
of spectra 

8 
10 
4 

11  

Histogram of ion ratios Ni/Fe from 1868 compressed spectra of PUMA-1. 
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