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The elemental composition of dust particles in the coma of comet Halley was 
measured by time-of-flight dust-impact mass-spectrometers PUMA-1,2 and PIA (1) 
onboard the VEGA and GIOTTO spacecrafts during fly-by missions in 1986. Large 
amounts of carbon and/or organic matter in cometary grains was revealed even by 
preliminary analysis (1,2). Particles composed predominantly o r  exlusively of one 
or more of the light elements hydrogen, carbon, nitrogen and oxygen were called 
"CHON particles". In an attempt at systematization of PIA data (3) classes of CHON 
particles were identified such as [H,C], [H,C,O], [H,C,N], [H,O], [C,O] and [H,C,N,O] corre- 
sponding to the presence of elements in spectra; their mass distribution and occur- 
rence in the coma were also investigated. 

Quantitative criteria for classification of cometary grains into 3 major types: 
CHON, Rock and Mixed have been proposed (4): If the ratio of C to any rock-forming 
element (Mg, Si, Fe, Ca etc.) is more than 10, a particle is categorized as CHON. If this 
ratio is less than 0.1, a particle is included in the group Rock; the remainder are 
Mixed particles. It is necessary to emphasize that there are no significant gaps in 
the distribution of the ratio of carbon to rock-forming elements. The threshold 
values 10 and 0.1 were taken considering that they exceed typical stoichiometric 
coefficients for minerals containing light elements. 

In the mass range sampled by PUMA-1, CHON particles represent about 25% of 
all particles. On average, they are relatively more massive than particles of the 
other two groups.. Organic matter may act as a binder for smaller silicate particles; 
its partial evaporation could give rise (3,5) to some species in the gas coma of comet 
Halley and account for the increase in the ratio of small particles to large ones with 
increasing distance from the nucleus ( 6 ) .  This hypothesis is consistent with a model 
of cometary dust made of small silicate grains embedded in an organic matrix. A 
very high concentration of organic matter in some cometary grains may be an 
indicator of their interstellar origin. At present there appear to be no credible 
processes capable of forming considerable amount of organics in the solar nebula. 

Hierarchical cluster analysis (7) has been applied to 464 spectra of CHON par- 
ticles of PUMA-1. For each spectrum, percentages of H+, C+, N+ and 0+ were calcu- 
lated after subtracting from the total O+ abundance the number of ions attributable 
to bonding in minerals. Cluster analysis requires definition of a measure of simi- 
larity for each pair of data points (spectra). The distance between data points was 
defined as d = Z I a i j  - a ik I, w h e r e  a i j  - is the percentage of the i-th element in 
the j-th specrum. The choice of variables (i.e., percentages of elements) and the 
definition of distance significantly influence the results of a cluster analysis. A set 
of data may be consistent with different but meaningful classifications relevant to 
different aspects of the data, and several different clustering procedures may be 
needed to discover multiple classifications. Hierarchical cluster analysis based on 
classification according to the "average-distance-between-clusters" method yields 
particle types shown in the Table. The results of cluster analysis can be considered 
as thc imposition of a classification structure on the data or as the revelation of 
existing structure. To some extent a set of clusters always reflects the degree to 
which the data set conforms to the formal structures of clusters in data space used 
in thc clustering algorithm. Additional knowledge about the population (i.e., chemi- 
cal models, other observations) is needed to make sense of the observed clusters. 
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The group 1 is characterized by huge excesses of H as previously noticed (8) 
and explained by impact release of hydrogen dissolved in the target material. 
Particles in group 10 have extremely high abundances of 0. Previously the lack of 0 
in many spectra of mineral grains has been reported (9), but not the excess. The H 
and 0 excesses may indicate that ionization yields of elements in the plasma cloud 
formed by hypervelocity impact of a dust particle on the target are matrix-depen- 
dent and should be evaluated with a more complex model than previously used (10). 

Various types of involatile organic compounds and carbonaceous matter have 
been discovered in meteorites and comets and hypothesized in planetary surfaces, 
comets and interstellar clouds: polycyclic aromatic and aliphatic hydrocarbons [C, 
HI (11); HCN polymers [C, H, N] (12), carbon suboxide polymers [C, 01 (13); formalde- 
hyde polymers [C, H, 01 (14); kerogen-like organic material [C, H, N, 01 (15); and 
graphite, diamonds, amorphous carbon (16). In light of uncertainties in H and 0 
abundances, we hazard making some preliminary assignment of chemical composi- 
tions to groups of CHON particles in the Table: group 2, highly branched aliphatic 
hydrocarbons; the most abundant group 3, particles made predominantly of carbon; 
group 4,  highly condensed PAHs; group 5 ,  alkyl arenones. The present clustering 
algorithm yields no clear evidence of HCN, formaldehyde or carbon suboxide poly- 
mers. Also, we cannot exclude the possibility that CHON particles represent a mixtu- 
re of various organic components r h e r  than a single component. The clusters 1 
and 3 seem to be natural and self-evident (once discovered). As the next step it will 
be worthwile to remove those spectra from the data set and continue analysis of 
remaining spectra.  
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TABLE. Types of CHON particles selected by hierarchical cluster analysis 

n u m b c r  Percentage of elements 
of spectra H C N 0 
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