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The abundance of 247~m (q12 = 1.6 x 1 0 ~ ~ )  in the early solar system has 
been the focus of some attention. While 247~m is an extinct nuclide, evidence 
for its presence appears to have been found in NATURE [1,2]. However, such 
evidence does not seem to be found in our laboratory [3,4]. The principle 
decay products of 247~m are 2 3 5 ~  and 207~b. If Cm and U were chemically frac- 
tionated in early solar system materials which are preserved today, then 235~/ 
2 3 8 ~  observed in different materials would be variable due to 247~m decay and 
the 207~b/206~b ratios altered. Just at the termination of galactic nucleo- 
synthesis the ratio of (247~m/235~)T - 7 x After a period of isolation 
of - 1oEy this ratio would diminish to - If as a result of a late stage 
nucleosynthesis, small amounts (a fraction of 10'3 - 10'~) of nuclides in the 
region of the actinides and transuranics were added to the proto solar nebula 
in abundances roughly similar to solar values, then only very small effects 
should be observed for any average materials even with chemical fractionation. 
Samples in which late added material was concentrated would of course show 
large effects. The basic evidence for the widespread presence of extinct 
247~m must come from observed shifts in the 2 3 5 ~ / 2 3 8 ~  ratio of early solar 
system samples which were formed with large chemical fractionation (f) of 
Cm/U, in anomalies in 207~b/206~b and U-Pb ages. The shift in the 2 3 5 ~ / 2 3 8 ~  
ratio is (f-1) (247~m/235~)T+A [5]. In previous studies we reported strict 
upper limits on any variations in 2 3 5 ~ / 2 3 8 ~  in a wide spectrum of materials. 
The results given by other workers indicated that the largest effects were to 
be found in residual phases. The present study concentrates on two coarse- 
grained Type B Ca-Al-rich inclusions and one fine-grained pink inclusion from 
the Allende meteorite. All these samples were known to have excess 2 6 ~ g  in 
phases with high Al/Mg. The phases comprising the inclusions were separated 
by differential solution to determine the U isotopic characteristics of both 
the more easily soluble silicates and residual oxide phases. The inclusions 
were dissolved in HF, HC1, and HNO3, leaving an insoluble residue which con- 
sisted almost exclusively of spinel. We then used a pressured teflon bomb to 
dissolve these spinel-rich residues. The spinel was disintegrated in a mixture 
of HF and HNO3 at 210°C for 24 hours, and then brought to a clear solution in 
a mixture of HC1 and HNO3. The U results are shown in Table 1. Sample num- 
bers A, By C represent independent experiments on samples of the same inclu- 
sion. To obtain sufficient samples of the residue (R) the residues from Egg- 
2A and B were combined and designated Egg-2R. Similarly, Egg-3R is the sum of 
residues from A and B. U isotopic abundances were determined using a double 
spike. The complete procedural blanks were below 2 pg. The isotopic composi- 
tion of U in different samples of the easily soluble portion of Egg-2 and 
Egg-3 are indistinguishable from normal terrestrial U for samples ranging from 
2.5 to 250 femtomoles of 235~. The residues R of Eggs-2 and 3 have very low U 
concentrations and yield the same isotopic abundance as normal U (but with 
larger errors). The easily soluble portion of the Pink Angel and its residue 
have the same isotopic composition (with larger errors). Both fractions have 
lower U concentrations than for the Type B inclusions. The concentration in 
the residue is again much lower than the easily soluble portion. The results 
indicate that (1) all three residues have U isotopic composition the same as 
that of normal U to within errors, and (2) the residues only contain from 0.8% 
(Egg-3R) to 6.5% (Egg-2R) of the U from the whole inclusion. From these re- 
sults, we conclude that the 2 3 5 ~ / 2 3 8 ~  ratio in both the easily soluble part 
and the spinel-rich residue of these inclusions are indistinguishable from 
normal U and that the U concentration in the residues is so low that it would 
have to have at least 100 % isotopic shifts to cause a 10% shift in the bulk 
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Table 1. U isotopic composition in Allende inclusion. 

" 

Sample Picornolea ppm 238~1235~ 6235u(%)b 
Coarse-grained 
Egg-2A 
Egg-2B 
Egg-2R 
Egg-2C 
Egg-3AC 
Egg-3BC 
Egg-3R 

Fine-grained 
Pink Angel-A 
Pink Angel-R 0.06 0.0006 139.8'5.2 -13.7'37.1 

aArnount of U analyzed. CFrom Chen and Wasserburg [4]. 
b6235u = [ (235~1238~) 

meas x137.88-1]~10~. Error=2am. 
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inclusion. The Pb isotopic 
composition of the Allende in- 
clusions are shown in Fig. 1 
and 2 together with our previ- 
ous results [4]. No Pb data 
were obtained on the spinel- 
rich residues because of the 
low concentration. Different 
fragments of the Egg-2 have 
206~b/204~b ratios ranging 
from 49 to 137 and single 
stage 207~b/206~b model ages 
of 4.54 to 4.56 AE. The re- 
sults of Egg-2A and C lie on 
an apparent isochron corre- 
sponding to 4.559'0.004 AE. 

, 
1.10- 

/ -  EGG-4 
1.00 - 

0.60- I I I I I I 

201pb/!&pb Results of Egg-2B lie slightly 
below it. The Pb results on 

Fig. 1. Lead evolution diagram for easily Egg-2 are compatible with for- 
soluble phases of Allende inclusions. mation of 4.56 AE from U of 
Whole-rock data (ALL) and WA are from Chen normal isotopic composition. 
and Tilton [6]. The data on Egg-2A are To reliably determine the U-Pb 
shown as 2A, Egg-2C as 2C, and Pink Angel systematics, we prepared a 
as PA. An isochron drawn through PAT [7], mixed 2 3 3 ~ - 2 3 6 ~  and 2 0 5 ~ b  
and the Type B inclusions intersects the spike in order to measure both 
ordinate at 0.6214'0.002 corresponding to the concentration and isotopic 
an age of 4.559'0.004 AE. Data from composition of U and Pb on the 
volatile rich inclusions (Egg-5, 3529-40, same totally spiked sample. 
PA, C-1) plot below this isochron. Analysis of the acid soluble 

part of Egg-2C shows a concor- 
dant U-Pb age of 4.56'0.01 AE in agreement with the 207~b-206~b age and a nor- 
mal U isotopic composition (Table 1). This method has substantially improved 
the precision and accuracy of U isotopic measurements and U concentration. The 
Pb results on the Pink Angel do not fit the isochron determined on the basis 
of Type B inclusions. This sample has a low concentration (0.014 ppm) and has 
less radiogenic Pb, and gives a younger 207~b/206~b model age (4.51 AE) , as 
found on other fine-grained inclusions (Egg-5 and 3529-40, Fig. 1). The Pb 
results of these fine-grained inclusions indicate that their U-Pb systems have 
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evolved differently from the Type B's. The Pb data are plotted on a 208~b/ 
206~b versus 204~b/206~b diagram (Fig. 2). Assuming a closed system the 
value of 232~h/238~ (K) can be calculated. Both Egg-2A and C plot on a line 
corresponding to a K value of 9.2, Egg-2B yields a lower K of 7.7 and Egg-3 
yields K = 3.9 which is close to the average in chondrites. The Pb results 
for the Pink Angel give K = 50, and indicate (1) Th/U ratio is fractionated 

bv a factor of 13 relative 
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Fig. 2. Pb evolution diagram for the acid- 
soluble phases of the Allende inclusions. 
The left ordinate shows the calculated 
value of K = (232~/238~) talc The number 
next to a dashed line represents the value 
of K for samples on that line. 

to solar abundance, or (2) it 
has a high initial 208~b/ 
1206pb value. Fig. 3 shows 
2 3 5 ~ / 2 3 8 ~  plotted against K 
for all samples measured in 
this laboratory. No signifi- 
cant shifts in 2 3 5 ~ / 2 3 8 ~  ex- 
ist as a function of K. The 
results of this study show 
that samples with a high de- 
gree of fractionation of Th 
from U do not indicate any 
shift in 235~h/238~. No path- 
ologic behavior is seen in 
the Pb systematics to indi- 
cate the presence of 247~m. 
We can find no evidence in 
support of large U isotopic 
anomalies as reported by 
other workers and conclude 
that 247~m was not alive and 
abundant when the inclusions 
were formed. From more gener- 
al considerations, we believe 
that 247~m was undoubtedly 
present in the early solar 
nebula but at a low abundance 
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