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MICROBEAM ANALYSIS OF CHONDRITIC INTERPLANETARY DUST 
PARTICLES FOR CARBON, OXYGEN, AND MAJOR ELEMENTS; G.E. Blanford 
(University of Houston-Clear Lake, Houston, TX 77058), K.L. Thomas (Lockheed- 
EMSCO, Houston, TX 77058), and D.S. McKay (SN4, NASA Johnson Space Center, 
Houston, TX 77058). 

Introduction We are reporting additional measurements of complete bulk analyses 
for carbon, oxygen, and major elements of seven stratospheric dust particles identified 
in the catalog [ l ]  as chondritic to add to a database of interplanetary dust particle (IDP) 
compositions that will be useful for categorizing these extraterrestrial materials [2]. 
Quantitative chemical analysis of IDP's is difficult because of their small sizes, irregular 
shapes, inhomogeneity, and the presence of light elements. Nevertheless, quantitative 
analyses are essential to understand the origin of IDP's and to extract the information 
they contain about the solar system. Light element analysis, and particularly carbon 
analysis is extremely important for these particles because the formation of carbon 
compounds is an important process in interstellar and protoplanetary environments [3,4]. 

Method Uncoated, untreated samples were analyzed using a PGT windowless 
energy dispersive X-ray (EDX) spectrometer at 15 kV on a JEOL 35CF SEM. Spectra 
were processed through the PGT BSAM program (Frame C) modified for light elements 
using tabulated mass absorption coefficients to perform peak overlap and background 
subtractions and to produce the ratios of X-ray counts from the unknown to counts 
from a flat, pure element standard (k-ratios) for all elements except carbon. This 
procedure takes into account peak overlap for both K-peaks and L-peaks, and corrects, 
for example, for partial overlap between the iron L-peak and the oxygen K-peak. These 
k-ratios were then used as input to the Dust-PC correction procedures [5,2]. Carbon k- 
ratios were determined by dividing the counts in a window from 170-340 eV (after 
background removal) for the unknown to counts averaged from three spectra of polished 
diamond. Focused beam point analyses with an -0.5 pm spot size were made on each 
sample as well as a bulk analysis obtained by scanning the beam over the entire particle. 

Results Table 1 presents the bulk particle compositions as element weight 
percents with uncertainties determined from the standard deviation of 3-4 measurements 
on different parts of each particle. As necessary in most particle analyses, results have 
been normalized to 100%. Oxide weight percents are shown in Table 2 where the 
normalized element data from Table 1 are recalculated as weight percent of oxides for 
most elements and element weight percents for sulfur and carbon. A comparison of 
stoichiometric oxygen (O(S)) values generated by this calculation with measured oxygen 
(O(A)) shows that mean stoichiometric oxygen is lower than the mean analyzed oxygen. 
Silicon values are consistently higher for all particles. Figures 1 and 2 show ternary 
diagrams of Mg-Si-Fe and Na-AI-S for a piece of one of the particles (W7013C16) 
which appears to have large (-5 pm) crystals of a mafic silicate and of iron sulfide. 

Discussion It is clear from the mean composition (Table 2) (which includes the 
four analyses in [2]) that chondritic IDPYs have a bulk chemical composition with some 
evident distinctions from the meteorite classes (C1 shown in Table 2). (Particle 
W7031*C2 has a morphology, composition, and Mg-Si-Fe and Na-A1-S ternary diagrams 
(not shown) which indicate that it should be exluded from this class of IDP's and it is 
not included in the mean.) Carbon is higher than in all meteorite classes. Mean calcium 
compares favorably with C1 value. The excess of analyzed oxygen over stoichiometric 
oxygen may result from unanalyzed water or of higher oxidation states of iron. It is 
known that layer silicates (which contain H20) are often present [6] and there could also 
be extra oxygen in organic compounds or in other low-Z phases. If the excess analyzed 
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oxygen is the result of unanalyzed water, then water is lower in IDP's than in the 
primitive meteorites. We cannot determine whether the particles are anhydrous or not 
without microtome sectioning. The other major compositional distinction of these 
particles to meteorites is higher silicon relative to primitive meteorites. By far the 
greatest percent of anhydrous IDP's are rich in pyroxene minerals [6]. Since the EDX 
analysis cannot determine minerology, we suggest that the higher silicon is likely to be 
present in pyroxene and other silicon-rich phases such as glass. While we cannot 
eliminate the possibility of silicone oil contamination which is used during particle 
collection, previous tests showed no evidence for silicone oil contaminaton [2]. Particle 
W7031*C2 is part of a larger particle identified as chondritic in [I]. Our 18 pm 
fragment of this particle is clearly different from the other IDP's which we have 
analyzed and is nearly 80% carbon and oxygen. This particle may be primarily a 
hydrocarbon particle [7]. Further analysis is necessary to confirm the nature of the 
carbon-rich component. 

[ l ]  Zolensky et al. (1986) Cosmic Dust Catalog. Johnson Space Center. [2] Blanford et al.  
(1988) submitted to Meteoritics. [3] Nuth and Stencel (1986) Interrelationships Among 
Circumstellar, Interstellar, and Interplanetary Dust, NASA Conference Publication 2403. 
[4] Kissel and Krueger (1987) Nature 326, 755-760. [5] modified from Armstrong and 
Buseck (1975) Anal. Chem. 47, 2178-2192. [6] Mackinnon and Rietmeijer (1987) Rev. 
Geophys. 25, 1527-1553. [7] Allamandola et al., (1987) Science 237, 56-59. 
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COSMIC DUST W7013C16E 
B20 R.A. 1 . A .  R.A. 1.A. A 1 . A .  1.1. 19.9 * .A .  

C 9.4 9 .8  7.7 1 0  1 6 . 1  12.7 9 . 7 t b . 2  3 . 1  48.9 
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