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TRACE ELEMENT ANALYSIS OF CARBONACEOUS CHONDRITE CLASTS I N  
HOWARDITES. David J. Lindstroml, Rene R. ~ a r t i n e z ~ ,  and Michael E. zolensky3, l S ~ 4 ,  
Johnson Space Center, Houston TX 77058, 2~ockheed Martin Sciences Co. 2400 NASA Rd. 1, 
Houston TX 7 7 0 5 8 , 3 S ~ 2 ,  Johnson Space Center, Houston TX 77058. 

Howardites contain dark, carbonaceous chondrite clasts making up a few percent of these meteoritic 
breccia [e.g., 1-51. This work utilizes a micro-coring technique to extract 1-20 microgram-sized samples 
of these clasts from thin sections, and micro-INAA techniques [6] to obtain trace element concentrations. 
The hope was that the trace element geochemical details would allow the carbonaceous chondrite types of 
the clasts to be readily determined. 

Sampling and Analytical Methods. The clasts analyzed were from the howardites Kapoeta, 
Bholghati, LEW 87015, and LEW 85441, and were described by [5]. Samples ranging in diameter from 
about 150-260 pn were drilled from polished probe mounts or thin sections with a micro-coring device 
mounted on a petrographic microscope [7]. Photomicrographs were taken before and after drilling to 
document the sampling as well as possible. For comparison, comparably sized samples of hand-picked 
dark inclusion material from the CR chondrites Renazzo and Al Rais and Renazzo matrix (four subsplits of 
each) were analyzed along with the microcores. All samples and standards were placed in depressions 
drilled into high-purity quartz plates with a single-crystal diamond drill, and the sandwich assemblies were 
tightly bound with high-purity Al wire and sealed together in a large high-purity silica tube. Samples were 
irradiated with about 1 .6~10~ '  neutrons in the Missouri University Research Reactor and gamma-ray 
spectroscopy was done using large intrinsic Ge detectors in the low-background counting facility at JSC. 
Multiple glass standards weighmg a total of 100 pg were used for the INAA. 

FeO Normalization. Most of the samples are too small (0.8-30 pg) to weigh accurately (the 
Sartorius S4 microbalance used has an accuracy of about kO.5 pg), so their masses are usually estimated 
from microprobe analyses for FeO and the INAA data for the total amounts of FeO in the samples. Getting 
reliable broad beam (or scanned area) microprobe analyses on these heterogeneous, volatile-rich, often 
poorly-polished materials is difficult. The problems are illustrated by analyses of multiple (4-10) 
50x50 pn areas of the same clasts, which had standard deviations for FeO ranging from as little as 6% to 
as much as 27% relative. Two of the cores from the Kapoeta thick section and some of the CR reference 
samples weighed more than 10 pg, enough to yield + 5% normalizations, but due to time pressures during 
the preparation of the irradiation package, they were not weighed until after irradiation. The observed 
weights lead to apparent Fe values 30-42% larger than the literature values that we used for the CR 
materials [S], reflecting dehydration of the samples during irradiation. Thus, all abundances are calculated 
relative to pre-irradiation microprobe estimates of the FeO contents of the clasts. 

Results. Many elements normally detected by INAA (e.g., Zr, Hf, U, Th, Rb, Sr, Rb, Cs, Nd, Eu, 
Tb, Lu) are not observed in carbonaceous chondrites because their abundances are too low in these 
geochemically primitive materials. Concentrations of many of the detected elements (Sc, Cr, Co, Ni, La, 
Sm, Yb) in these clasts are similar to those of the various carbonaceous chondrite classes, or at least fall 
near mixing lines between CI, CM, or CR averages and the origin in two-element plots, suggesting dilution 
by other components (especially water) or incorrect normalizations. Both microprobe results (this work 
and [5]) and INAA data suggest that sodium is depleted by as much as 3-5x, relative to bulk C chondrite 
averages, while K is commonly enriched by similar factors (see figure). 

Other elements, including many of the volatiles, are enriched in these clasts. Whether the enrichments 
are due to contamination or processing on the howardite parent body is a major focus of the discussion 
below. As, Sb, Au, and W are all welldetermined by INAA and are enriched to varying degrees. Se is 
easily detected by INAA in these samples, but unfortunately we do not have an adequate standard, so we 
estimated abundances based on analytical parameters and response of other elements. 
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Discussion. That these clasts resemble carbonaceous chondrites is clear enough from the data- 
exactly which type is much more obscure, especially since many of the elements most characteristic of the 
various types are precisely those that are often contaminants. The clasts from LEW 87015 and 
LEW 85441 mineralogically resemble CM chondrites (solid squares in figure), while the rest of the clasts 
resemble CR chondrites (solid circles) [ 5 ] .  These distinctions do not appear to be seen in the trace 
elements, e.g. Se and Zn below. Enrichments in Au, W, As, and Sb are not easily explained by 
contamination, since it is difficult to imagine how such tiny amounts could be added to all samples. Note 
that Au was also found to be enriched at 1.8 ppm in a larger CM clast sample in Jodzie using quite 
different techniques [ 5 ] .  More work needs to be done, but it may be that these inclusions formed traps for 
mobile elements in the howardite regolith. 
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Figure 1. Analyzed clasts in solid symbols; CR reference values open symbols (Renazzo triangles, A1 Rais 
diamonds);CI,CM,CR chondrite averages. 
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