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We report on the concentrations of T J  (C,) and % ( C a  and the U isotopic composition of 
some carbonaceous chondrites and selected chondrites. While there exists substantial information on these 
abundances, a reliable value for the solar system ratio (232ThP8U), is still at question. The relative 
abundance of 23%J and 238U has been central for all calculations of "r" process cosmochronology. The 
value of (23TJP5U), at the time of formation of the solar system has only small errors due to 
uncertainties in the decay constants and the precise time assigned to solar system formation. Fowler and 
Hoyle [I] introduced the use of 272Th as the longer time integrator for determining possible galactic time 
scales. The 232Th/23TJ ratio (K) depends on the relative abundances of two distinct chemical elements 
and is not well defined. This issue has been discussed extensively (Burnett et al. [2] ). An up-to-date 
summary of K in chondrites with some new data has been given by Hagee et al. [3]. While there exists 
a substantial data base for C, and C, in meteorites [4] the most precise and reliable data have been 
obtained by Tatsumoto [5], Unruh [6] and Hagee et d. [3], using isotope dilution. So far, the most 
cogent argument for a large scale average of K comes from the abundances of radiogenic Pb. The 
compilations of Anders and Ebihara [7] and Anders and Grevesse [8] are often cited for (L32ThP8U)a. 
The solar value is dominated by the view that CI carbonaceous chondrites provide the best estimates of 
all abundances. The values listed by Anders and Grevesse [9] for U and Th are based on 7 U analyses 
and 1 Th analysis of a 130 mg sample of Orgueil. Both recent and "ancient" theoretical articles on 
cosmochronology, while recognizing the difficulty in determining (L32ThIB8U), , have pursued radioactive . 
cosmochronologies and sought to establish consistent or definitive model calculations (cf. Cowan et d. 
[9]). Because of the importance of this issue we have made an effort to acquire a set of C, and C, data 
on the same samples using the most precise techniques available. It is not evident that these data can aid 
in better defining the desired ratio. Emphasis is placed on CI and CM chondrites because of their 
important role in estimating solar abundances. There is clear evidence for a wide variation of K in 
Orgueil from the early work of Morgan and Lovering [ l l ,  121. Our approach has been to analyze: a) 
samples of different size to determine any convergence with increasing sample size; b) the contributions 
of any sample dissolution residues to the U, Th material balance; c) other "refractory" elements to seek 
correlations with variations in K. The 238UP5U ratios were also measured. It is widely recognized that 
carbonaceous chondrites have undergone aqueous alteration and that even falls show evidence of "recent" 
alteration that is plausibly attributed to processes in the asteroidal source. It is possible that some of the 
wide dispersion in K in meteorites is due to U mobilization and to the heterogeneous distribution of trace 
minerals rich in either U, Th or both. 

The Orgueil (CI1) sample (25 mg powder) was spiked with 233U-236U, 9, lmNd and 147Sm and 
dissolved in HF and HNO,. After drying, the sample solution was fumed with HClO, and dissolved in 
HCl. A small amount (< 1 mg) of residue was further dissolved with HF and HNO, in a thermally 
pressurized teflon bomb. The U and Th were separated using anion exchange resin in HNO, and HBr. 
Isotopic measurements were made with a new MAT262 mass spectrometer using ion counting. About 
1.26 pm (lo-'' moles) of "8U and 3.27 pm were determined for the solution, after subtracting the 
U ( 0.02 pm) and Th (0.02 pm) blanks. The U and Th determined in the residue are 0.013 pm and 0.016 
pm, or only about 1 % and 0.5%, respectively, of the total U and Th. The C, and Cn for this Orgueil 
sample are 5 1.2 pmlg and 132 pmlg respectively; K = 2.58 f0.01 and TJ /23"  = 138.36f 0.61 (Table 
1). A 200 mg of Murchison (#I, Table 1) was analyzed using the same procedure. Similarly, the 
contents of U and Th in the more insoluble residue are less than 1 %. This sample gives C, and C, of 
53.3 prnlg and 220 pmlg and K = 4.13f 0.02. A second Murchison sample (#2, Table 1) which 
consisted of a single chunk, was analyzed. It yields 15% and 38% lower U and Th concentrations and 
a 17% lower K value than the first. In an attempt to clarify this variation, we analyzed another 200-mg 
chunk of Murchison (Y3) using the same procedure as above except that, after the residue was dissolved, 
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it was recombined with the majority of the sample. The results (Table 1) show that C,, C, and K in this 
sample fall between the values of the previous two samples. Our results on Orgueil indicate that C, is 
within 7% of the value reported by Tatswnoto et al. [5], but C, is 49% higher. This yields K = 2.58 
which is 40% lower than these workers reported for a 130 mg sample. The results on three fragments 
of Murchison show a 22% range in C,, a 38% range in C,, and a range in u from 3.52 to 4.13. It is 
not clear how large a sample is necessary in order to obtain a bulk average. We confirm the earlier 
observations of Morgan and Lovering [10,11] for a wide spread in K of 2.2 to 4.4 in C1 and C2 
chondrites and with the low values of K corresponding to higher U concentrations. We also analyzed 
Murray (CM2), Adelaide (CM2), Kainsaz (C03), Leedey (L6) and St. Severin (LL6). The sample of 
Leedey was chosen because it lies at the centroid of the chondrites considered to show unfractionated 
REE patterns (Jacobsen and Wasserburg, [14]). All samples yielded 238UPSU which are indistinguishable 
from the terrestrial value (137.88) and other meteorite values (Qlen and Wasserburg [12,13]; Unruh [6]). 
Murray and Adelaide, both CM2 chondrites, show very similar U and Th values and mTh/23TJ of 3.36 
and 3.55 respectively. The C03 meteorite Kainsaz again has very similar U but with a higher K = 3.84. 
The L and LL chondrites, Leedey and St. Severin, yielded concentrations within the range reported by 
Unruh [6] and with K values of 3.46 and 4.23 respectively. These ratios lie well within the center of the 
range of 2.71 to 6.63 reported by Unruh [6]. We recognize that the H and L chondrites show clear 
evidence of recrystallization and possibly some element loss (cf. Lipschutz, [15]). The heterogeneous 
distribution of minerals with different relative U and Th abundances may generate a wide spread in K .  

For chondrites, there is clear heterogeneity. However, it is evident that there is also substantial 
variability in K in samples of CI1 and CM2 meteorites. We conclude that there is at present no firm basis 
for accepting selected analyses of certain carbonaceous chondrites as representing precise 23%/238U values 
for the solar system. Any cosmochronology calculations should include realistic values of the 
uncertainties in the estimates of (Z?%PTJ),. These will give uncertainties in the galactic age of +4AE, 
or more, depending on the model. Some estimates of $%P8U), may not even yield solutions to the 
chronologic models with the available production ratios of the actinides. 
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Table 1 
Meteorite Class Wt Residue WR Concentrations Atom Ratios 

23TJ 23% 23w 232Th 232ThPW Z)8u PSU 
g % %  (10-'Wg) 

Orgueil 
Murchison-1 
Murchison-2 
Murchison-3 
Murray 
Adelaide 
Kainsaz 
Leedey 
St. Severin 

* No separate residue analysis. All others have separate spiking, analysis of residue. 
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