
1048 LPSC XVIII 

ARE IDPs AND HALLEY DUST SIMILAR AND, IF SO, SO WHAT?; R. M. Walker, 
McDonnell Center for the Space Sciences and the Physics Dcpartmcnt, Washington University, St. Louis, MO 
63130, USA. 

The VEGA and GIOlTO missions, as well as earth-based observations, are providing new data on the dust 
in Halley's comet [I]. A first order question is whether the results indicate that the Halley material is similar to, 
or distinct from, different types of interplanetary dust particles (IDPs) that are being studied in various 
laboratories [2]. Current techniques make it possible to determine the mineralogy and petrology of IDPs [3], their 
isotopic structures 141, and their optical properties [5]. If reasonable links between Halley dust and IDPs can be 
established, the data on IDPs can be used to test existing ideas on the nature of comets as, for example, the model 
due to Greenberg [@ that comet dust consists of aggregates of interstellar grains. 

It is unlikely that any comparison, short of one based on a comet sample return mission, can prove that 
IDPs and comet dust are identical. However, it is possible that dissimilarities could be established. In making 
comparisons it must be remembered that IDPs are a diverse set of objects (at least 3 classes exist) and, further, 
that comets may not all be the same, particularly at different stages of their evolution. A strict match is therefore 
unlikely. 

Much of the relevant Halley data remain to be reduced. Further, more compositional data need to be 
obtained for subunits of IDPs to make quantitative comparisons more meaningful. However, the fragmentary 
data available at this time support the association of IDPs and Halley dust. 

Infrared absorption spectra of IDPs are dominated by crystalline components of three major classes, not 
"amorphous" silicates as had been inferred for comet dust from previous telescopic observations. However, 
Bregman et al. [7] have shown that the recent IR data of comet Halley also require crystalline silicate materials 
and stated that they are reasonably well fit by combinations of laboratory IDP spectral types. The Halley data 
also show a 6.8 ~JII band that is ubiquitous in the spectra of the layer-lattice silicate class of IDPs. 

The main basis for comparison of IDPs with the comet dust is the data from the three dust impact mass 
analyzers (Puma 1,2 and PIA) [8] flown on the Halley missions. Impacting dust particles produce ions which are 
then measured by time-of-flight mass spectrometers. The instruments were not identical, nor did they all perform 
as expected. The analysis of the mass spectra in terms of elemental and isotopic compositions is further 
complicated by the current lack of understanding of the impact ionization process. Nonetheless, certain first order 
results are available. 

The key point to understand in comparing IDP data to the results of the dust analyzers is that the particles 
measured in the Halley mission are very small compared to those studied in the laboratory. In fact, the integrated 
mass of &l the Halley dust impacts amounts to less than the mass of a typical single 10 pm sized IDP. Thus the 
comparison must be made with sub units of IDPs whose size is comparable to typical Halley dust impacts (- 1000 
A). One of the striking findings of the Halley dust analyzers is the existence of particles which consist only of C, 
H, 0, and N (CHONs). At first view this might seem incompatible with IDP studies which have concentrated on 
particles with chondritic compositions. Two points need to be made. First, individual small fragments of IDPs of 
the CHON type have been seen in IDPs whose overall composition is chondritic (for example, see ref 4; although 
not reported in that paper, re-examination of the data shows signals from CN in several C rich fragments). 
Secondly, the JSC catalogs of stratospheric dust particles show a numbcr of particles with little or no EDS 
spectral features. Since the EDS spectra do not measure to C, H, 0 ,  and N, such particles could be CHONs. 
Because of analytical problems associated with light element analyscs and the difficulty of being sure that they 
are extraterrestrial, these low Z particles have been little studied in the past. They clearly merit future work. 

Some of the Halley data can be interpreted as "chondritic" impact?; still other impacts appear to be duc to 
individual mineral grains. At the 1000 a scale IDPs contain both small regions (tar balls) [31 that have chondrilic 
compositions and individual mineral grains. From prior work on IDPs we would expcct to see substantial 
contributions from pyroxenes, olivines, hydrated silicates, iron-rich sulfides, carbonates, and magnetite in the 
Halley data. Proof of the presence of carbonates is especially important since it has been established that the 6.8 
pm IR band in IDPs is due to such minerals. [8]. The recent development of the thin sectioning technique for 
IDPs 131 makes it possible to undertake quantitative point analyses for all classes of IDPs as well as for the 
different meteorite classes. At this time wc are unaware of any contradiction betwccn Halley and IDP data 
although it is possible that the presence or absence of magnetite may emerge as a key issue. 
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Approximately 113 of IDPs in the pyroxene and layer lattice silicate IR classes have been found to have 
enrichments in D/H of up to 2700 % rclative to SMOW [4]. If a significant numbcr of impact evcnls can bc 
identified that are suitable for D/H analyses, this would form a decisive point of comparison. However, the 
statistical sampling problem may be complicated since it is now known that the deuterium rich carrier in at least 
one IDP is present in the form of small (I 1 pm) "hot spots". Within rather large limits the present D/H values 
derived from neutral gas mass spectrometric data [lo] are consistent with what is known about IDPs. Isotopic 
measurements of C, Mg, and Si in IDPs have so far shown no striking departures from terrestrial values. 
Demonstration of unusual isotopic ratios in the Halley data for these elements would constitute a notable 
difference with IDPs. No such unusual ratios have so far been reported. 

In our current state of ignorance the hypothesis that IDPs are fragments of comets still appears viable. 
What does this imply for the popular view that comets consist of interstellar grains? 

Based on inferences derived from astronomical observations of dust in thc diffusc interstellar medium and 
on laboratory measurements of irradiated ices, Greenberg [6] has proposed that comet dust consists of nestled 
aggregates of elongated interstellar silicate grains mantled with organic material. Although elongated silicate 
whiskers are sometimes seen in IDPs and mantling of grains by carbonaceous materials is common, on the whole, 
IDPs appear to be very different than is predicted by the model. Surviving circumstcllar grains or grains formed 
in cold interstellar clouds can be expected to have distinctive isotopic signatures. Recent work on both IDPs and 
meteorites indicate that the fraction of such isotopically distinct matcrial is low and occurs as small ($ 1 pm) 
grains. Most of the solids in primitive solar system materials probably formed in the nebula itself. However, it 
should be remembered that interstellar material need not necessarily be isotopically anomalous. Some theoretical 
calculations indicate rapid rates of grain destruction [I l l  and many interstellar grains may consist of atoms from 
different sources. It is interesting to note that galactic cosmic rays, which represent an independent sample of 
extra-solar system material, have elemental and even isotopic structures (Ne is a an exception) that are not 
notably different from average solar system material. Thus even if comet dust consisted completely of interstellar 
dust, it might be difficult to prove it. 

Future work should greatly clarify the relationship between IDPs and Halley dust. A preliminary 
discussion of the problem is presented here because of the possibility that it may influence the design of 
experiments for comet missions currently being planned. 

I wish. to thank various Halley investigators, especially J. Kisscl, E. K. Jcssbcrgcr, B. C. Clark, Y. 
Langevin, and P. Eberhardt for discussions of their results. I have also profited from discussions with my 
colleagues at the MAC center, notably E. Zinner and K. McKeegan. 
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