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Introduction Anhydrous chondritic interplanetary dust particles (IDPs) are considered to be 
the most pristine samples available for the study of the early solar system because of their 
primitive mineralogy, chemistry, and isotopic characteristics [e.g. 1,2]. In general, anhydrous 
IDPs have a chondritic composition within a factor of two for most major and minor elements 
with the exception of carbon which has been reported to be up to -4 times chondritic in some 
particles [3]. The high carbon abundance in some anhydrous IDPs is seemingly incompatible 
with an origin from known chondritic materials (meteorites). The carbonaceous material in 
anhydrous IDPs has been reported to be poorly graphitized carbon [e.g. 41 and various types of 
organic carbon [a. However, the nature, abundance, and distribution of carbonaceous material 
in these IDPs is still poorly known. 
Methods and R e .  We determined the bulk composition (including light elements) of 
nineteen chondritic anhydrous IDPs selected from the NASADSC Cosmic Dust catalog. The 
IDPs were quantitatively analyzed for elements -5 using a JEOL 35 CF SEM equipped with a 
PGT windowless spectrometer. The average element abundances (ratioed to Si) for the 19 IDPs 
are listed in Table 1 along with the range of values. Our procedures and analytical checks for light 
element analysis are described in detail elsewhere [6]. Following the chemical analyses, 11 of the 
IDPs were embedded in epoxy, thin sectioned using an ultramicrotome, and examined in the 
tranmission electron microscope (TEM). TEM observations were used to classify the 11 particles 
into one of three groups, those dominated ( >66 vol. %) by olivine, by pyroxene, or having a 
-50:50 mixture of olivine and pyroxene. The olivinedominated IDPs include U2015E3, 
W7013C16, and W7013G1. Their carbon abundances are 8,6, and 5 wt. % respectively (mean 
6 wt.% C) and are the lowest carbon abundances observed in our samples. By contrast, the 
pyroxene-dominated particles include W7027H14, W7013D12, and W7029*A28, with carbon 
abundances of 23, 11, and 13 wt. % C, respectively (mean 16 wt.% C). The olivinelpyroxene 
group consists of particles U2015D21, W7013E17, W7013G6, U2015D22, and W7013E9, 
whose carbon abundances are 9,13,7,10,16 wt.% respectively (mean 11 wt.% C). 
Discussion. The range of FeISi ratios for the 19 IDPs is 0.16 to 2.0 with an average of 0.7. 
The IDPs with the highest FeISi also have high S/Si ratios, indicating a correlation with sulfide 
abundance. Like FeISi, the Mg/Si ratios show a wide range of values, but Mg shows no apparent 
correlation with Fe. 

Our results for the bulk composition of anhydrous IDPs are compared to the values 
reported by [7] in Table 1. The mean element/Si ratios are different especially Mg/Si, which is 
lower in our data set; however the range of values are nearly identical for our results and [7]. 
This probably results from the relative sizes of the data sets (19 compared to 90) and the fact that 
the particles are mineralogically heterogeneous at the submicrometer scale. 

Also listed in Table 1 are USi ratios (atomic) for all of the analyzed particles. The average 
C/Si ratio is -2, but varies considerably from particle to particle (from 0.6 to 4.9). The variability 
in CISi ratios reflects major differences in carbon abundance among our analyzed IDPs. [7] 
report a C/Si ratio of 2.4 for a subset of 30 anhydrous IDPs (no range of values given) and [8] 
suggested a mean C/Si atom ratio of 1.75. An average of our C/Si data along with values from [7 
& 81 indicate an average ClSi ratio for anhydrous IDPs of -2. This ratio is -3 times higher than 
that for the most carbon-rich meteorites (e.g. the CI chondrites, C/Si is -0.76 for Orgueil, [9]). 
The CISi ratio for comet Halley is 4.4 [lo] which is within the range of our anhydrous IDPs 
(Table 1). 

We have not observed graphite in any of our particles, nor have we observed carbon in the 
form of carbonates, although rare ocurrences of carbonates in anhydrous IDPs are known [I  11. 
We are unable at this time to determine whether C in the form of diamond is present in our 
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samples. What we commonly observe are submicrometer-sized regions of spongy-textured, low- 
Z material which contains most of the carbon. This material occurs between mineral grains and 
serves as a matrix or "cement" holding the grains together. We found no evidence for a veneer of 
carbonaceous material concentrated along the outside surfaces of our IDPs. 
Im~l i&jons and C o n c l m .  We examined the relationship of carbon abundance to 
silicate mineralogy from our data set. Some definite trends are apparent: the most intriguing trend 
is that particles with low carbon abundances have a high abundance of olivine, while those with 
the highest carbon values are dominated by low-Ca pyroxenes (or are composed of pyroxenes and 
olivines in approximately equal proportions). We propose that the anhydrous pyroxene- 
dominated, "carbon-rich" IDPs originate from a cometary rather than an asteroidal source because: 
1) they have much higher bulk carbon abundance than any known meteoritic material, and 2) 
consist predominantly of fine-grained Ca-poor pyroxene, unlike any fine-grained chondrite 
matrix. We suggest that the "low carbon", olivine dominated anhydrous IDPs are derived from 
anhydrous asteroids. While it is possible that this population could also come from comets, we 
note that this population of low carbon, olivine dominated IDPs texturally resemble the fine- 
grained olivine-rich matrices of chondrites. Based upon our limited data set, we suggest that 
olivine-dominated IDPs are derived from asteroidal sources although the possibility exists that 
some carbon-rich, olivine-dominated particles could be derived from cometary sources. 
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TABLE 1. Average element abundances (relative to Si, atomic ratios) for 19 anhydrous IDPs, compared to data 
from [7] on anhydrous IDPs, from [I21 on chondrite matrices, and h m  [lo] on comet Halley. 

this study (19 IDPs) 

Avg : 2.0 3.9 0.1 0.8 0.1 0.4 0.04 0.7 0.02 

Range: 0.7-4.9 3.2-6.2 0.01-0.3 0.5-1.9 0.1-0.3 0.2-1.3 0.01-0.07 0.2-2.0 0.01-0.04 

Schrarnrn et al. data (anhydrous IDPs) 

Avg: 2.4 4 .O 0.06 1 .O 0.07 0.4 0.05 0.7 0.02 

Range: N/A N/A N/A 0.6-2.0 0.02-0.2 0.1-1.8 0.02-0.2 0.2-2.0 0.0-0.1 

(hrbonaceous chondrite matrices 

Range: N/A N/A 0.02-0.04 0.9-1.1 0.09-0.1 0.02-0.2 0.01-0.1 0.5-1.0 0.04-0.06 

Avg: 4.4 4.8 0.05 0.5 0.04 0.4 0.04 0.3 0.02 
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