
IDENTIFICATION AND ANALYSIS OF COMl3TAR.Y IDP'S 
D.E. Brownlee, D.J. Joswiak, S.G. Love, Dept. of Astronomy, Univ. of 
Washington, Seattle, WA 98195, J.P. Bradley, MVA Inc., 5500 Oakbrook Parkway, 
Atlanta, GA 30093, A.O. Nier, D.J. Schlutter, Dept. of Physics, Univ of Minnesota, 
Minneapolis, MN, 55455 

The thermally stepped He release method of Nier and Schlutter[l] provides 
a powerful technique for distinguishing cometary IDPs from asteroidal ones in 
stratospheric collections. The thermal pulse method determines the temperature 
where most of the He is released from an IDP. This is related to the maximum 
temperature reached during atmospheric entry which in turn can be used to 
compute entry speed, a strong discriminator for cometary VS asteroidal origin. 
~ e f o r e  atmospheric entry, nanogram IDPs contain up to 1 cc(stp)gl of 4He - 

trapped in sites that is released a t  various temperatures ranging up to 1100 C. 
Laboratory heating tests on actual IDPs show that particles that  were previously 
heated strongly retain only He that is released a t  high temperature while less 
strongly heated IDPs retain He released both at low and high temperature. The 
experiments indicate that the temperature where 50% of the total gas has been 
released provides a good determination of the maximum temperature reached 
during atmospheric entry over the 500-1000 "C range. 

We use the 50% release temperature to calculate the most probable entry 
speed using the new graph of (max temperature)/(velocity)/(diameter*density 
product) [21 computed from the Love entry code. Entry velocity is a strong 
discriminator between asteroidal and cometary origin for lOym IDPs because 
most particles reaching the Earth by Poynting Robertson drag from the asteroid 
belt enter near 12 km/s while typical cometary IDPs have entry speeds above 15 
km/s[3]. With recognition of complicating factors such as unknown entry angle, 
shape factors and possible subliming components, we believe that the velocity 
measurements are adequate to distinguish typical comet IDPs from asteroidal 
ones. For 8pm IDPs entering at 45') a 16 kmls cometary particle has a peak 
temperature 265 "C hotter than an  asteroid IDP entering a t  11.2 km/ s and a 
cometary IDP entering at 20 km/s is 470 C hotter. Although the absolute accuracy 
of the entry temperature measurement is yet to be established, the relative 
temperatures of fast and slow IDPs is believed to be accurate to = 100 OC. The 
identification of high speed cometary IDPs is the most straightforward because 
QI& high speed produces strong heating. Anomalously low heating can occur for 
rare low entry angles but no effect can produce anomalously high temperatures 
except high velocity. To accurately determine entry speeds i t  is critical that the 
density and mass of each must be accurately known. A factor of 3 error in density 
of a lOpm IDP produces a temperature error of 300 "C, the common temperature 
difference of comet and asteroid IDPs. 

We are conducting a project to analyze a large set of 5-10ym IDPs with 
origins identified with the stepped He release method. Particles are initially 
analyzed in the SEM and STEM to determine mass, density, elemental 
composition and morphology and their spectral reflectance is measured by the 
new technique described by Bradley et  a1 [4]. The particles are subdivided with the 
microtome and a dozen O.1pm slices are preserved for analysis after the bulk of 
the IDP is consumed in He analysis. We find that = 20% of randomly selected 
<10pm IDPs are cometary with much higher comet yields for particles selected on 
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the basis of high porosity and aggregate structure. We expect that study of these 
particles will provide criteria for identification of comet dust using other 
properties such as mineralogy, Zn depletion, magnetite formation . 

So far the highest velocity IDPs (15-21kmls) are fine grained porous 
anhydrous IDPs related to the pyroxene subclass. They all have high abundance 
of rounded subunits that are composed of glass surrounding <lo0 nm FeNi metal 
and sulfide spheroids. These exotic highly reduced submicron components 
appear to have been the major particulate in the region where comets formed. 
The comet IDPs also contain the full range of minerals that have been previously 
described in the Px subclass. One 20 km/s comet particle contains rare CAI's 
composed of anorthite and melilite implying that these objects must have existed 
in the outer solar system. The comet particles have low albedos with spectral 
reflectances similar to C asteroids although the "best" comet IDPs have been 
heated above 800 "C during entry and their reflectance properties may have been 
modified. So far no hydrated comet particles have been identified. 

We believe that this work will provide intimate details on the properties of 
materials that accreted into comets in the outer regions of the solar nebula. We 
stress however that  that this work compliments but in no way replaces or detracts 
from future missions to comets. The collected IDP comet samples are fabulous 
but they are c10pm and were heated above 600°C during atmosphere entry. 
References: [I]  A.0 Nier and D.Schlutter, Meteoritics 28, 675, 1993 [2] S. Love and 
D.E. Brownlee, Meteoritics in press 1994. [3] H. Zook and A. Jackson, ICARUS 97, 
70, 1992 [4] J.P. Bradley, D.E. Brownlee and L. Keller LPSC XXV 1994. 
The figure is cometary dust particle U2012 ClI(SEM-left; BSE of section-right). It  has a mass of 
0.65 ng, a density of 1.8 glcc, it was heated to 980 OC during atmospheric entry, it contained 0.13 cclg 
of He and it entered the atmosphere at 19 kml s .  Its spectral reflectance is shown compared to other 
cometarv IDPs. 
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