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We present new precise analyses of 232Th/238~ in CI and CM meteorites. The relative abundance of these 
nuclides is important in estimates of the age of r-process elements [I ,2,3]. The cosmochronology based upon the 
232Th/238~ ratio (K) as was first proposed by Fowler and Hoyle [I] depends on the precise determinations of these 
two different elements in meteorites and on the production ratios. Both parameters are subject to substantial errors. 
Recent recalculations of this chronology have used selected values from compilations but do not adequately address 
the errors in terms of a reliable data base [3]. Morgan and Lovering [4,5] provided extensive neutron activation 
analyses for ordinary chondrites which yield an average K of 3.6k0.4. Their work on carbonaceous chondrites 
showed a wide range in K from 2 to 6. More recent investigations by isotopic dilution have established: a) highly 
variable K from 2.7 to 11 in Allende Ca-Al-rich inclusions and a value of 3.6 in the Orgueil CI1 chondrite [6,7]; 
b) a range from 2.71 to 6.63 for 7 L-type chondrites [8] and a range from 2.7 to 4.4 for 6 L, H, and LL chondrites 
[9]. The compilations of Anders and Ebihara [lo] and Anders and Grevesse [ l l ]  are often cited for (232~h1238~)o  
and are based on a single Th analysis of Orgueil. While we consider their data selection to be reasonable, we do 
not consider this as an adequate basis for cosmochronological calculations. 

We have acquired a set of high precision 2 3 8 ~  (CU) and 232Th (Cn) concentration data by selecting 
different sample sizes and different specimens. As it is well recognized that carbonaceous chondrites have undergone 
aqueous alteration attributed to processes in the asteroidal source, we have measured CU and Cn in various acid 
leaches and residues to determine variations in K that could reflect U mobilization or to the heterogeneous 
distribution of trace minerals. We also looked for isotopic heterogeneity in U. The 2 3 8 ~ / 2 3 5 ~  ratios were measured 
in mQst samples and they all agree within - 1% with normal terrestrial U. Meteorites were dissolved in acids; 
residues were further attacked in teflon bombs. Four samples of Murchison, CM2, ranging from 0.1 to 2.9 g were 
analyzed (Table 1) and show ranges of K from 3.37 to 4.16. To ascertain whether U and Th reside in labile sites, 
a 3.13-g sample of Murchison was leached in water and then in dilute HCl for 24 hours at 80' C. Although 
carbonates, sulfates and other phyllosilicates are ubiquitously present in Murchison, these leaches do not remove 
a significant amount of U and Th (#5, Table 1). The values of CU, CTh, and K in the residue are very close to other 
Murchison samples. To further investigate the effect of strong acid leaches, another 3.29-g sample of Murchison 
was etched for 8 days at 80' C with 6M HCl and then 7M HNOs (#6, Table 1). The results show that in the HCl 
leach 63 % U and -40% Th were removed. In the HNC+ leach, -22% and -47% Th were removed. The 
remaining residue has - 16 % U and - 13 % Th and a K value of 3.8. The total CU and CTh in #6 agree with the 
previous analyses of Murchison, but leaches and residue clearly show major Th/U fractionation during leaching. 
The HCl leach removes more U than Th while the HN03 leach removes Th preferentially. We earlier reported the 
U-Th results on a small powdered sample (#I, Table 1) of Orgueil 1121 which shows a low ~=2 .59 .  In this work, 
we analyzed two larger samples (#2 and #3, Table 1). The new results show K of 3.68 and 3.77 respectively. In 
comparison, the Orgueil sample #1 has the same CTh but has much higher CU. Orgueil contains up to 5 volume % 
carbonates and abundant sulfates which present strong evidence for the action of an aqueous fluid on the CI parent 
body. To investigate whether U and Th in Orgueil are more labile than in Murchison, we treated another sample 
(#4, Table 2) with the following acids for 1 to 3 hours at 80°C: dilute acetic acid, 0.1 M HC1, 6M HC1, 7M HN03, 
and dissolved the residue separately. The U,Th results shown in Table 1 indicate that 1) large degree of Th/U 
fractionation in each leach, 2) the acetic acid removed a large amount of U (20%), but little Th (1 %), 3)6M HC1 
removes over 81 % Th and 55 % U, 4) residue has less than 3 % U and Th, and 5) total sample has the same CU, 
CTh and K as the others. Another Orgueil sample (#5) which was consisted of -30% fusion crust was also treated 
with acetic acid and the residue dissolved without any further acid leach. The low Th content in the dilute HAC 
leach is most probably due to the insolubility of Th in this acid. The results also show 1) the acetic acid removed 
a large fraction (15%) of U, but little Th (0.5%), 2) the residue has a ~ = 3 . 5 7  and 3) the total has a lower ~ = 3 . 0 7 .  
We separated a 0.054-g sample of fusion crust (> 80%). The result shows indeed that fusion crust contains 80% 
higher U and 20% higher Th than the average of other Orgueil. It is evident that a large fraction of U (15 to 20%) 
in Orgueil resides in labile sites which may have been produced by aqueous alterations. This is distinct from what 
we observed for Murchison. From Rb-Sr systematics, Macdougall et al. [13] concluded that carbonates in Orgueil 
had crystallized within 100 m.y. of the formation of the parent body. They also concluded that at least some of the 
Ca-sulfate present had formed at some later time. We also analyzed total rock samples of the CM2 group: 
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Adelaide, Belgica, Mighei, Murray; C03 group: Allende, Ornans, Kainsaz; L group: Barwell, Glatton, Leedey and 
LL group: St. Severin. The results of all analyses, including prior high precision data [8,9,12] are shown in Fig. 
1. There is a wide range for K from 2.7 to 6.6; (Fig. 2) in agreement with previous workers. For all chondrites we 
obtain 3.9 f 0.8. For CI and CM2 carbonaceous chondrites, using our new data and that of Tatsumoto et al. [6] we 
obtain a well-defined mean of 3.7f 0.1 (Orgueil #1 is excluded). Insofar as CI and CM meteorites represent the 
Holy Grail, this is our best estimate for this .parameter. Based on these results we consider that 2 3 2 ~ h / 2 3 8 ~  in 
chondrites shows a highly peaked distribution at -3.7. Division Contribution 5233(797). 
References: [l]Fowler and Hoyle (1960)Ann. ~ h y s .  10,280. [2]Schramm and Wasserburg G. J. (1970) Ap. J .  162, 
57. [3]Cowan et al. (1991) Ann. Rev. Astronomy Asrrophys. 29. [4]Morgan and Lovering (1967). [SIMorgan and 
Lovering (1968) Talanta 15, 1079. [6]Tatsumoto et al. (1976) GCA 40, 617. [7]Chen and Tilton (1976) GCA 40, 
635. [8]Unruh (1982) EPSL 58, 75. [9]Hagee et al. (1990) GCA 54, 2847. [10]Anders and Ebihara (1982) GCA 
46, 2363. [I 11Anders and Grevesse (1989) GCA 53, 197. [12]Chen er al. (1992) LPSC XXZII, 223. [13] Macdougall 
et al. (1 984) Nature 307, 249. 

Table 1. Murchison d d  Orgueil ,U-Th data 

Murchison 2 3 8 ~  2 3 8 ~  23Zn 23Zn 2 3 2 ~ h  Orgueil 2 3 8 ~  2 3 8 ~  23Zm 2 3 2 ~ h  
@Mlg) (I) @MI@ (%) 238U @M/g) (%) @M/g) (46) 

#2 WR 45.3 -- 160.0 -- 3.53 (1) #2 WR 33.4 - 125.9 -- 3.77 (5) 
#3 WR 43.7 -- 177.0 -- 4.05 (3) #3 WR 35.5 -- 130.5 -- 3.68 (1) 
#4 WR 50.6 -- 170.4 -- 3.37 (5) #4 
X5 HAc 6.6 21 1 .O 1 0.150 (1) 
Water 0.02 0.05 0.014 0.008 0.60 (5) O.1M HCl 4.5 14 6.3 5 1.410 (2) 
O.1M HCI 0.02 0.04 0.002 0.001 0.13 (5) 6M HCl 17.5 55 101.0 81 5.76 (3) 
Residue 43.4 99.9 170.1 100 3.92 (4) 7M H N 0 3  2.4 55 12.7 10 5.33 (2) 
Total 43.4 100 170.1 100 3.92 (4) Residue 0.9 3 3.3 3 3.87 (2) 
#6 Total 31.8 100 124.3 100 3.91 (2) 
6M HCI 28.5 62.9 67.6 39.6 2.37 (1) #5Fusion Crust Rich Frag. 
H N 0 3  9.7 21.5 80.1 47.0 8.23(8) HAc 5.9 14 0.5 0.4 0.080 (1) 
Residue 7.1 15.6 22.9 13.4 3.23(02) Residue 34.9 86 124.7 99.6 3.57 (3) 
Total 45.3 100 170.7 100 3.77 (02) Total 40.8 100 125.1 100 3.07 (3) 
Avg. of #l 46.9 178.1 3.80(28) #6Fusion 60.7 -- 153.6 - 2.53 (1) 
to #6 Crust 

Avg. of 2 4  33.6 -- 126.9 - 3.79 (9) 
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