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FOR ApEW CHEMICAL TYPE OF CHONDRlTlC MATERIAL. G. J. Flynn and S. R. 
Sutton , (1) Dept. of Physics, SUNY-Plattsburgh, Plattsburgh, NY, 12901 (2) Dept. of 
Geophysical Sciences, The University of Chicago, Chicago, IL, 60637. 

Cosmic dust particles collected from the Earth's stratosphere frequently exhibit 
unequilibrated mineral assemblages indicating many of these particles are more primitive 
than the mineral assemblages in C1 carbonaceous chondrite meteorites (1). However, 
the major element abundances of 200 cosmic dust particles (2) most closely resemble 
those in C1 meteorites (of the various known meteorite types). Minor and trace element 
abundances, particularly the volatile elements which are highly fractionated between the 
different types of carbonaceous chondrites, may provide a way to chemically classify the 
cosmic dust particles. Van der Stap et al. (3) have reported volatile element enrichments 
over the C1 abundances in 3 cosmic dust particles examined by PIXE. In addition there 
are indications that carbon may be significantly enriched over the C1 abundance in the 
cosmic dust (4). Both volatile element and carbon abundances increase with decreasing 
petrologic grade among the carbonaceous chondrite meteorites. 

We have determined minorltrace element abundances for 26 C-type and 6 C?-type 
particles (5, 6, 7, 8, 9) from the Johnson Space Center stratospheric particle collection by 
Synchrotron X-Ray Fluorescence (SXRF), a technique whose sensitivity peaks for 
elements between Cr and Br (5). Element abundances in most of these particles 
distribute about the C1 values, but variations of a factor of 2 or 3 are frequently seen (8). 
Enrichments over the C1 abundances are more common than depletions. 

We inferred the average composition of the chondritic cosmic dust for the elements 
from Cr to Br by averaging the elementIC1 ratios for the "chondritic" particles we have 
analyzed to date. This average includes all of the C-type particles except 5, one particle 
so small that we obtained only Fe, Cr, and Ni abundances, and four low-Ni particles with 
trace element patterns similar to basalts and quite distinct from chondritic. The average 
also includes three C?-type particles which exhibited trace element patterns similar to the 
C-type particles, giving a total of 24 chondritic cosmic dust particles for the average. 

The abundance data for the elements from Cr to Br averaged over the 24 particles, 
ordered with decreasing nebula condensation temperature to the right (from ref. 10, 
except Br from ref. 1 I ) ,  are shown in Figure 1. The corresponding element abundances 
for the C1, C2, and C3 meteorites (12) are also shown. 

The average composition of the chondritic cosmic dust examined in this study is 
enriched over the C1 composition for elements with condensation temperatures lower 
than Cr [1277K (lo)] by an amount roughly equal to the depletions for these elements in 
the C2 meteorites, the next highest petrologic type. This suggests the chondritic cosmic 
dust is distinct in composition from any of the chondritic meteorite types. Since volatile 
content correlates with petrologic grade, the volati,lg rich nature of the cosmic dust 
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the cosmic dust particles (Cu in all 24 Figure 2: SeIFe vs. CuIFe in 24 individual 
and Se in 21 of the particles) analyzed cosmic dust particles (a), the average of 24 
by SXRF. Figure 2 shows the Cul Fe particles (CD), C1, C2 and C3 meteorites. 
versus Sel Fe data for all 24 individual chondritric cosmic dust particles. The filled circles 
show the Sel Fe and Cul Fe values for the C1, C2, and C3 meteorite types (1 2) and the 
average values for the 24 chondritic cosmic dust particles (indicated as "CD"). The 
average composition of the 24 cosmic dust particles falls very close to the best fit line 
through the C1, C2, and C3 data points. 

Twenty one of the 24 particles cluster along the C1, C2, C3 trend line, suggesting most 
of the cosmic dust formed in a similar environment to that of the chondritic meteorites. 

The three particles which deviate from the C1, C2, C3 trend line are L2005R1, 
chondritic other than its large excess of Se (9), U2022G17, which also shows a large Mn 
enrichment, and U2022C18, a low-Zn particle whose depletion in Se may be a result of 
severe atmosheric entry heating (8) which we suggested is responsible for the low Zn 
content. While these may prove to be anomolous because of chemical or mineralogical 
inhomogenities, they require further study, especially if future SXRF analyses result in the 
identification of more particles with elemental contents similar to one of these particles. 

Five of the particles, W7027A1, L2003*El bulk, W7029H4, W7027C5, and U2022G2, 
cluster in the region of the C1 and C2 meteorite compositions. The abundance patterns 
for all the elements from Cr to Se in four of these particles are similar to the C1 pattern, 
not showing the factor of 2 to 3 excesses of the volatiles which characterize most of the 
chondritic cosmic dust. The fifth particle, W7027A1, a low-Zn particle possibly heated on 
atmospheric entry (8), exhibits an otherwise chondritic element abundance pattern. 

The remaining 16 particles cluster about the C1, C2, C3 trend line, but both SelFe and 
CulFe are significantly higher than the C1 values. These particles generally exhibit 
enrichments of a similar magnitude in the other volatile elements measured (ie., those 
from Cr to Br). The volatile rich nature of these particles suggests they condensed in a 
cooler or more refractory depleted region of the solar nebula than the C1 chondrites. 

There may be at least two distinct types of cosmic dust, one having a volatile content 
similar to the known chondritic meteorites, and a second enriched in these same volatile 
elements by a factor of -2 from the C1 abundances. 
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