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CHARACTERIZATION OF INTERPLANETARY DUST BY LOW VOLTAGE SCAN- 
NING ELECTRON MICROSCOPY. David Blake and Ted Bunch, Planetary Biology 
Branch, NASA Ames Research Center, Moffett Field, CA 94035, Terrence Reilly, Hitachi 
Scientific Instruments, 460 E. Middlefield Rd., Mountain View, CA 94043 and Ronald 
Fleming, Charles Evans and Associates, 301 Chesapeake Dr., Redwood City, CA 94063. 

The initial characterization and classification of Interplantetary Dust Particle (IDPs) is generally performed us- 
ing Scanning Electron Microscopy (SEM) and Energy-Dispersive X-ray (EDS) microanalysis. Conventional 
SEM, however, has a number of limitations, including: 1). Particles become electrostatically charged under the 
beam, impairing high magnification imagery. 2). Backscattered electrons (BSEs), and secondary electrons created 
by BSEs conmbute noise and low resolution information to secondary electron images. Operating a SEM at low 
accelerating voltages (0.5-3.0 KeV) enhances the surface-specific high resolution information and minimizes charg- 
ing artifacts.l However, serious instrumental limitations exist when a conventional SEM is operated at low accel- 
erating voltages. Many of these problems have been solved in a new generation of SEMs optimized for low volt- 
age as well as high voltage operation. An earlier report2 compared low voltage with conventional voltage SEM 
imagery of IDPs. We report here further Low Voltage SEM (LVSEM) studies of surface microstructural features 
of IDPs using Hitachi S-800 and S-900 Field Emission SEMs operated at 1-3 KeV accelarating voltage. 

IDPs from the Ames Research Center collection were placed on pieces of silicon wafer which were marked 
with an index pattern by sputtering platinum through commericially available EM finder grids. Qualitative EDS of 
the particles was performed using a detector sensitive to all elements above beryllium in atomic number. D/H 
values were obtained using a Cameca IMS-4f SIMS instrument with a Cs+ primary ion source using conditions 
similar to McKeegan et al? Fractionation factors were not calculated, however, a terrestrial particle analyzed in 
the same fashion as the IDPs yielded a D/H value within two standard deviations (13 per mil) of SMOW. 

Three particles were chosen for characterization and further analysis on the basis of their elemental composi- 
tion: "Dasher" is a 15 pm x 10 pm relatively compact particle which contains (in order of peak height) Si, Fe, 
Mg, 0, Ca, and trace Ni. "Dancer" is a 10 pm particle which contains Si, S ,  Fe, Mg, 0 ,  and C. "Prancer" is a 
10 pm particle which contains Si, Fe, S, 0, and Mg. 

Dasher contained less H than the background and so D/H was not measured on this particle. However, high 
resolution LVSEM images show a .variety of features that we have taken to be indicative of extraterrestrial origin, 
for example, a "peanut brittle" appearance and the presence of clusters of 100 nrn octahedral crystals in a morpho- 
logically indistinct (glassy?) matrix. Dancer yielded a D/H value of +I600 per mil, extremely enriched relative to 
terrestrial values. Figure 1 shows a low magnification LVSEM image of this particle (The bright portion in the 
lower left of the image is contamination which was subsequently removed). High resolution LVSEM images of 
this particle, like Dasher, have the appearance of a conglomerate consisting of an amorphous matrix and tiny sub- 
hedral crystals or crystal fragments. Figure 2 shows the appearance of this particle after SIMS analysis. From 
the figure, it appears as if the matrix material was sputtered away at a greater rate than the crystal fragments. Ap- 
parently the center of the particle was either hollow or sputtered faster than the rim. We are in the process of sec- 
tioning the particle to determine the nature of the remaining phases. The third particle, Prancer, exhibited a D/H 
enrichment of +270 per mil relative to SMOW. Figure 3 shows a micrograph of a portion of the particle, show- 
ing what appears to be (based on morphology alone) an enstatite whisker. Enstatite whiskers are thought to be 
produced by condensation directly from the vapor state4 Figure 4 shows a high magnification LVSEM image of 
a cluster of euhedral crystals in a fourth IDP which had a chondritic composition, but for which SIMS data were 
not obtained 

LVSEM is a valuable technique for the non-destructive, non-invasive classification and characterization of 
IDPs. Many features heretofore only seen in TEM observations of crushed grain mounts and microtome sections 
can be identified and studied without damage to the particle, while maintaining intact phase relationships. 
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Fig. 1. Low magnification LVSEM micrograph of "Dancer". Fig. 2. LVSEM micrograph of "Dancer" after 
SIMS analysis. Fig. 3. LVSEM of what may be an enstatite whisker in "Prancer". Note also porous matrix and 
crystal fragments. Fig. 4. High magnification LVSEM image of octahedral crystals in matrix. Accelerating 
voltage, 1.0 KeV, magnification 100,000 X. 
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