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Nondestructivc techniques for measuring mass, volume of the minimum convex 
envelope, and average projected area, of irregular inorganic particles in ths 5 to 
3 0  Qm size range are described. These techniques have been applied to 6 "chondri- 
tic" micrometeorites [I], one iron-rich sphere, one aluminum-oxide sphere [:I, and 
one ltAl-prime" particle [ 3 ] ,  obtained from stratospheric impaction collectors flown 
by NASA U-2 aircraft [ 4 ] .  Volume densities of chondritic particles range below 
lgm/cc. "Surface" densities are such that solar flare tracks would be expected to 
be erased during atmospheric entry in larger particles (LlOpm) but not in smaller 
ones (55pm). Future searches for fossil tracks should focus on the latter. 

Collectors were provided by D. Brownlee at U. of Washington in Seattle. Indi- 
vidual particles were cleaned of the silicone oil collecting medium using methods 
described elsewhere 1 5 1 ,  and chosen on the basis of a SEM/EDX characterization. 
1. The W e i ~ h i n ~  Method. 

Particle handling was done using dry needles in the presence of an ionizing 
alpha source to minimize electrostatic effects. The needles were either mounted in 
a pneumatic micromanipulator, or connected to a manual holder via epoxy and a single 
sable hair, Mass neasurements were made with a quartz fishpole balance using tech- 
niques and equipment developed for the weighing of biological cells and tissue snn- 
ples by Lowry and coworkers (e.g. [ 6 ] ) .  The particle is manually picked up using a 
hair-mounted needle, and is transferred to the tip of a thin quartz fiber with the 
aid of a binocular microscope. This "fishpole" is supported at its opposite end in 
a roughly horizontal orientation. Even on insulating minerals, contact forces pro- 
vide enough adhesion to make this transfer as well as the subsequent demountivg pos- 
sible,.provided electrostatic effects are adequately minimized. The balance cover 
is closed to minimize air currents, and the displacement of the fiber resulting from 
addition of the particle is measured with a microscope reticle. 

The-dynamic range (in mass units) of individual balances is between one and two 
orders of magnitude, although overlapping balances with sensitivities ranging from 
+ 2  pg to +lpg have been constructed. Calibration is performed using small pieces of - 
a uv fluorescent agent (quinine hydrobromide); the estimated accuracy is about + 5 X .  
Weighings are performed in air with a relative humidity of 50%. Freeze-dried tissue 
samples normally adsorb ~ 5 %  of their weight in water, plus 2% O 2  and N2 under these 
conditions [ 6 1 .  Yo adsorption correction has been determined for the mineral speci- 
mens, although we suspect it is well under 10%. 
2. Area/Volame Determinations. 

In conjunction with mass measurements, the "external" particle volume and aver- 
age projected area allow one to determine the volume density and the particle sur- 
face density (defined as the ratio of mass to average projected area). Because of 
the non-descript shapes and ill-defined detail in SEM images of collected aggre- 
gates, determination of volumes by recognition of individual "point" features on 
stereo micrographs is difficult. The problems with such an approach are exacerbated 
because one is restricted to a viewing geometry of less than 271 steradians for par- 
ticles lying on an SEM substrate. 

For these reasons an approach was adopted for area/volume determinations that 
requires only silhouette recognition. It rests on the fact that the silhouette of a 
particle, when observed from N different directions, provides relative 3D coordi- 
nates for N(N-1) points on the minimum-volume convex envelope of the particle. For 
this work, 4 micrographs oriented along the face normals of an octahedron have been 
used. When N=4, the 12 determined points form the vertices of an inscribed 20-sided 
polyhedron. If A is the average projected area for this polyhedron, A the observed 
average area for the polyhedron, and Bo the observed average projectez area for the 
particle, then we estimate the average projected area of the particle by B Z B  ( A I A  ) .  
The (A/A ) term thus adjusts the estimate for orientation bias in the 4 micrggrapfis. 
~imilarl;, given the observed average projected area for the minimum convex 
envelope, Co, we estimate the actual average projected area of that envelope by 
CeC (A/Ao). To estimate the volume of the convex envelopeglye note that for a given 
particle shape the volume V is directly proportional to C . That proportionality 
constant (typically between 0 . 4  and 0.7) is estimated by,, multiplying the propor- 
tionaljsy constant for the inscribed polyhedron by a fatness" correction factor 
(c/A) . This is an empirical correction term for estimating the increase in the 
proportionality confitant for rounded versus "polyhedral" envelopes inscribed by the 
same 12-vertex polyhedron. We expect uncertainties in estimates of volume for the 
minimum convex envelope of a particle, obtained via this approach, to be consider- 
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ably less than 50%. Empirical tests using convex particles of known density are 
currently ia progregs. 
3. Ifeasured Masses. - 

Data on the ten weighed particles are listed in Table 1. Particle sizes ranged 
between 4 and 15 gm, with masses ranging between 90 and 2800 picograms. The con- 
sistent success record (b97X) of the manual transfer process demonstrates clearly 
the reliability of the procedure and indicates its potential as a routine step in 
the Dreliminarv characterization of these precious particles. 
4. Particle Surface Densities. - 

The ratio between mass and average projected area (i.e. "surface density") is 8 

kev Darameter in models of atmospheric entry heating for a given particle [71, as . . 
well as for modeling its orbital lifetime in the presence of radiation pressure in 
the inner solar system. Since surface density for a given substance is a strong 
function of particle size, the parameter is most relevant when measured on a parti- 
cle which has not broken up subsequent to atmospheric entry. Studies reported else- 
where [ 8 1  suHgest that particles which enter the atmosphere with surface densities 
above lmg/cm are likely to have been heated above the 600C necessary to erase solar 
flare tr9cks in particle silicates [91. Particles with surface densities below 
0.5mglcm , on the other hand, are likely to survive entry heating with their track 
record intact. It is evident from Table 1 that the continuing search for unannealed 
solar flare tracks in these particles would best be focussed on a subset of parti- 
c l e ~  smaller than those listed in the table. 
5. Effective Volume Densities. - 

The ratio between mass and "external" voluwe is a k e y  parameter for comparing 
particle types, since it should be to first order independent of particle size and 
shape. The aluminum oxide sphere (u21-9-11 is a case in point. The observed den- 
sity agrees well with the bulk density of 3.97 for aluminum oxide. However, the 
problem of comparison to a bulk density is complicated for the non-convex particle 
shapes common among "chondritic" particles. For porous mzterials, the bulk density 
and the density calculated here are quite distinct from the matter density one uould 
infer from the volume of gas displaced by the particle. l~oreover, one might expect 
that for irregular fragments the convex volume density will be slightly lower than 
the bulk value. Nevertheless, the fact that inferred densities range below 1 g/cc 
supports earlier assertions based on morphology that stratospheric dust includes 
materials with a lower bulk density than are foi~nd in collections of large meteor- 
ites. It is interesting to note that inferred densities of most meteors are also 
less than 1 gm/cc, although typical values are even lover than those reported here. 
The prospects for quantitatively extrapolating bulk density from microscopic frag- 
ments can be studied using fragments from a parent of known density. Tests along 
these lines using meteoritic analogs are presently underway. 

Fragments of larger particles found on the collector. 
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