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We report here new information from our studies on the porosity of interplanetary dust particles. We 
have resolved some of the problems we encountered earlier and we report new results for four hydrated 
IDPs and two meteorites. Determination of the porosity of IDPs is important in the dynamics of 
collisional and orbital evolution of small-sized particles. We are using an image analysis method to 
make these determinations from digitized photographs of thin-sectioned particles (1). Earlier 
determinations of porosity were derived from measures of density and suggested that particles had 
appreciable porosity, but that porosities were probably less than 70% (2). 

SAMPLES: The sections of CLU 17 (a fragment of the anhydrous chondritic cluster particle L2008#5) (3) 
were reexamined in this study using refinements to our technique. In addition, we have examined 
sections from four new hydrated IDPs (U2022E17, W700027A17, L2007-3 and W70027Ell) and two 
meteorites that contain hydrated matrix material (Semarkona and Kaba) for comparison. Hydrated 
DPs  are classified as such when they contain 50% or more thin section area of hydrated minerals. 

METHODS: The particles were embedded in epoxy, thin sectioned using an ultramicrotome, and 
examined with a JEOL 2000 FX transmission electron microscope. Photos were taken of each thin section 
examined and digitized using a scanner. The porosity of the gray scale images produced were 
determined using NIH Image, a Macintosh based image analysis and measurement program. The 
porosity is determined by first selecting and measuring an area on the image. The gray scale range 
corresponding to the pore space is then selected and highlighted using the density slice function. The 
percent porosity is determined from a simple ratio. When the images were more complex, a manual 
method using a graphics tablet was used to outline the areas of interest. Measurements were then made 
as above. 

RESULTS: Prior work (1) has shown three areas of concern that effect the interpretation of these 
measurements: defining an outer boundary for the particle, differentiating between holes that are due 
to natural porosity and holes that are due to grains being plucked out during processing, and 
differentiating between epoxy and extraterrestrial carbonaceous material that looks similar to epoxy. 
(Fig. 1) Defining a surface is a problem inherent in dealing with cross sections from three dimensional 
objects of a size similar to the cross section. Differentiating between holes, pore space and carbonaceous 
material has been dealt with by examining the original sections using dark field imaging on the TEM. 
After experience gained with the TEM, the digitized images were re-examined and it was visually 
possible to differentiate between areas where a piece had plucked out during processing, and holes that 
were due to natural porosity which been filled by epoxy during the thin-sectioning process. It is still 
difficult to differentiate extraterrestrial carbonaceous phases and epoxy based on gray scale, but 
experience gained with the TEM makes interpreting the photographc images more straight forward. 
The density slice method was not as successful in differentiating between these three materials because 
of an overlap in gray ranges between the three materials. 

The results for the particles measured are shown in Table 1. We confirm the numbers we reported 
earlier for Clu 17 (-12 % porosity). We find, based on our limited sample set, that hydrated D P s  
appear to divide into two groups based on the identity of the primary hydrated phase. Serpentinite 
based IDPs run in the 15-20% range, while the smectite based IDPs have lower porosity, 5-15%. The 
anhydrous IDP we examined falls in between these two groups. We have examined multiple sections 
from the same particle for both the anhydrous IDP (1) and one of the hydrated particles in this work 
(W7027A17). The variation between thin sections of the same particle is on the same order as the 
variation we see between different types of particles, and the overall variations we see may be due to 
intra-particle variation, rather than any difference in the mineralogy of the particle. 
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We have also made similar measurements for two meteorite samples prepared in the same way as the 
IDPs. The hydrated matrix of the meteorite samples we measured fall toward the high end of our 
range - -20% porosity. In general there appears to be less damage from the processing than we observed 
in the IDPs. 

CONCLUSIONS: The image analysis technique is not as straight-forward as one would wish for a 
computer technique. Some experience using traditional methods of examining particles is still needed to 
interpret complex images. We find values for hydrated IDPs in the range of 5-20%, for anhydrous IDPs 
of -10% and for meteorite hydrated matrix of -20%. The IDP porosities are lower than expected from 
values estimated from densities. They do correlate well with the values determined for IDPs and 
meteorites using a method complementary to the one described here (4,5). This work needs to be 
extended to examine in detail some of the trends we may be seeing. 
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Table I - Porosity Values for IDPs and Meteorites 

Figure 1. W7027A17. (a) A deep embayment in the outer surface. Is this included as porosity, or just 
natural variation in the outer surface of the three-dimensional grain? (b) A hole caused by a piece 
plucked out during sample preparation. (c) A pore in the particle. Depending on the quality of the 
photograph and the amount of contrast introduced in the scanning process (b) and (c) can be difficult to 
differentiate between. 

Sample 
U2022E17 
W7027A17 

L2007-3 
W7027Ell 
Clu17 
Kab a 
Semarkona 
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Type 
Hydrated - Serpentinite 
Hydrated - Smectite 

Hydrated - Smectite 
Hydrated - Serpentinite 
Anhydrous 
CV3 
UOC 

%Porosity 
21 
7 

14 
5 

15 
12 
19 
20 


