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S-process isotope anomalies: Neodymium, Samarium, and a bit more of Strontium. 
S. Richter ,  U. O t t  and F. Begemann, Max-Planck-Institut fiir Chemie (Otto-Hahn-Institut), 
SaarstraJ3e 23, D-6500 Mainz, F.R.G. 

Silicon carbide found in primitive meteorites is not only isotopically anomalous in its structural elements Si 
and C (e.g. (I)), but also in minor elements (N, Mg, Ti; (1,2,3)). In addition we have shown that Sic-rich 
samples contain trace elements like Ba and Sr that carry the signature of the s-process of nucleosynthesis (4, 
S).The latter finding has been extended by Zinner et al. (6) to Nd and Sm. Much smaller isotope anomalies in 
these elements have been measured and discussed also in other contexts (see (7) for a review). 

A problem in deriving the putative com osition of pure s- rocess Nd from the ion probe data of (6) has 
been the presence of Sm, because r-only l 6 d  and S-only contributed about equally to the signal at 
mass 148. Zinner et al., therefore, used the 'unproven assumption' (6 that for Ba, Nd and Sm the s-process/ 
solar mixing ratio was equal to the value derived from the measured L 5 B a / ~ a  ratio. We report data where, 
in contrast to the work of Zinner et al., we were able to measure Nd with on1 small contributions from Sm. In + 144 7 the most extreme case (#4 in Figs. 1,3) th ion ratio 149~m / (Nd+Sm) was < 10-4 This limits the 
uncertainty in the abundances of r-only "Nd and 1 5 0 ~ d  introduced by the Sm correction to less than 10 O/W, 
even when using extreme compositions of Sm for correction. The measurements were done continuing our work 
on Murchison separate RlCPD (4,5). The residue was treated with H2S04 and HF/HCl in order to remove the 
still dominant spinel phase as well as residual and/or contaminant silicates and then measured for the isotopic 
composition of Nd and Sm using thermal ionization mass spectrometry. 

Neodvmium. Data for four 
O measurements at different 

-100 stages of the additional acid 
treatment are shown in Fig. 1 as 
6 -values (deviations from the 
normal solar system ratios in 

-500 0100). Errors are 2~ . 
Corrections for Sm at masses 

-400 144,148 and 150 were based on 
a mixture s-process/terrestrial 

-500 Sm with the mixing ratio 
determined via the 
simultane usly measured 
149~m/14'~m ratio. 

-200 Assumptions on the Sm 
composition are not critical for 

-400 the correction. The case of 
14 '~d and the correction for Ce 
is different. Similar to (6), our 

-600 correction is based on the 
assumption of equal s-process/ 

-800 solar mixing ratios for Ce and 
Nd, which may result in errors 

-1000 u to 100 o oo in the corrected 
-1000 -800 -600 -400 -200 -800 -600 -400 -200 0 1B2Nd/14d ratios. 

The data points form linear arrays, and the ordinate intercepts of the mixing line; at the left, where r-only 
l 5 '~d=0 ,  should give the composition of pure s-Nd. There is good agreement with the s-Nd composition 
inferred in (6), which we have included in Fig. 1 (marked by 'Z'). This is perhaps surprising because in order to 
obtain the pure s-composition Zinner et al. had to make the assumption of identical s-process/solar mixing 
ratios for Ba and Nd. That this should indeed be the case is not trivial. If, e.g., the 'solar' contamination were 
due, in part, to the presence of Nd- and Ba- carrying phases, there is no apparent reason why these phases 
should be present in abundances that yield the 'right' Nd/Ba ratio. The limits of error, in our extrapolated ratios 
are lower by factors from 2 to 5 than in the previous work so that the new data constrain the s-process 
composition more precisely to be 142/143/144/145/146 /148/150 = (2.25+ .10)/(0.292+ .011) P 1/(0.167 
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+.007)/(0.789? .017)/(0.027? .013)/=O (Fig. 2). The errors given have been chosen generously to allow both for 
unconstrained fits to the data in Fig.1 and mixing lines forced through the normal solar composition on the 
right. 142~d ,  as pointed out above, may have an additonal systematic uncertainty. 

Specifically, our data confirm the large deviations from the 
theoretical values for the main componen ((8). shown in Fi . I  marked 
by 'K') found by (6) for 143~d/144~d, 1 4 5 N d / ' ~ d  and 1$6Nd/144Nd 

1 Note, however, that (6) compare their values with the local 
approximation o N= const. rather than the calculation from (8). Our 
data also indicate a f i t e  s-process contribution to "Nd. That some 
leakage through 1 4 7 ~ d  (T%= 10 d) should have occurred a ars 
reasonable, given the evidenc for similar leakage through '%e 

0.1 (Tfi75 d) with an inferred ( & e / ~ X e ) ,  ratio of -0.04 9 . The 
situat~on at '%d, on the other hand, appears complex. 1ddd/144Nd 
ratios in (6) show large scatter, and in our case , where there is less 

mass number scatter, the mixing line fitted through the data points apparently misses 
0.01 the 'normal' composition. These small effects need confirmation, 

142 143 144 145 148 147 148 however. 
Samarium. Data for Sm could be collected at the eginnin of two 500 , . . I F a  . . I . . I . 

148 + of our runs, when the S m + / ~ d +  ratio was higher ( Sm / (Nd 
+ ~ m ) +  - 0.08) than towards the end when Nd was measured. Results 400 - 
for isotopes 147-152 (normalized to 149) are shown in Fig.3. Due to an 
unidentified interference we were not able to obtain reliable data for r- 
only 154~m SO that an extrapolation to 154~rn = O  in order to obtain the 300 - 
composition of pure s-process Sm is not possible. The shift from normal 
towards s-process composition is smaller than in the case of Nd. 200 - 
Compared to the data shown in (6), effects in 14'sm are smaller. 
Effects in 147~m/149~m are of similar sire as in (6), but of opposite 
sign and more in agreement with the values expected from the local 
approximation (Fig. 3a). In c ntrast to the calculations in (8), these data . : : I : : : I : : : I : 
indicate little bypassing of 14'Sm due to the 147F'm branching. The data 
obtained so far do no allow to draw meaningful conclusions with regard 5000 - 6 (lSo~m/lY~m) 

to the branching at lkSm, however. uN=consL 
Strontium. Our most processed fractions were also analyzed for Ba 4.000 

and Sr. Compared to our earlier data (43) the size of the isotopic 
anomalies are - 2 and 5 times larger than in the precursor sample 3000 

Murchison RlCPD. Rb interferences in the new analysis were too large 
for obtaining reliable 8 7 ~ r  data however. Nevertheless, the Sr results of 2000 

84 86 88 86 
6 ( Sr/ Sr) = -642 t 15 and 6 ( Sr/ Sr) = -3 +8  o / m  confim the 
finding in (5) of a near normal 8 8 ~ r / 8 6 ~ r  in the s-process Sr present 1000 

here. This is a surprising finding because of the many processes that can 
alter this ratio (contributions to solar Sr from r-, weak s- and main s- o 

processes, sensitivity to neutron exposure due to small n-capture cross 
section, effects from 8 5 ~ r  branching). Possibly, data for S ic  grain size 800 

rraclions may be able to shed light on this question, similar to the case 
of Kr (10). 600 
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