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Introduction:  We reported last year on endemic 

isotope anomalies for Ru in iron meteorites, pallasites, 
ordinary chondrites, and on a whole-rock sample of 
Allende [1]. We have extended the Ru measurements 
to more meteorites, to refractory Ca-Al-rich inclusions 
(CAI) from Allende, and to a whole rock sample of 
Murchison (CM2). In a companion abstract we report 
on new measurements for the Mo isotopes [2], in some 
of the same samples. There has been a renewed inter-
est in searching for isotope anomalies in this nuclide 
region, as Ru and Mo include many isotopes from r-, 
s-, and p-process nucleosynhesis. Furthermore, the Ru 
and Mo p-process isotopes show atypically high abun-
dances, which have been hard to explain through the 
standard nucleosynthetic processes. Effects are possi-
ble in 98Ru and 99Ru from 98Tc (with a poorly known 
t1/2=4.2 to 10Ma [3,4]) and from 99Tc (t1/2=0.21Ma 
[4]). Natural Tc is now extinct on Earth due to the 
short half-lives, but may have been present in the early 
solar system. Both radiogenic and general isotope 
anomalies are important in understanding the proc-
esses for the formation of the early solar system. The 
current emphasis on Ru and Mo is also the result of the 
development of Negative-ion Thermal Ionization Mass 
Spectrometry and of Multiple-Collector, Inductively-
Coupled-Mass-Spectrometry. We have also developed 

specific chemical separation techniques for Ru, which 
eliminated mass interference effects. 

Results: The results are shown in Fig. 1 and 2. For 
the data presentation we have normalized for isotope 
fractionation using 99Ru/101Ru and the exponential law. 
We show the external reproducibility (we use 2σ, not 
2σmean) for normal Ru as dashed lines: ±1.2εu for 
96Ru/101Ru; ±0.9εu for 98Ru/101Ru; ±0.3εu for 100Ru/ 
101Ru; ±0.6εu for 102Ru/101Ru; ±0.6εu for 102Ru/101Ru 
(εu = 0.01%). Results for samples that were processed 
in duplicate (dissolution, chemistry, and analysis) are 
in agreement. Iron meteorites (Groups IIAB, IIIAB, 
IVB, and Ungrouped) show clear deficits at 100Ru/ 
101Ru, relative to the total range of ±0.3εu for this ratio 
observed for normals. For irons, the largest deficits are 
observed for Group IVB (Fig. 1). The uncertainties 
listed below are 2σ for the internal precision for each 
sample: since the internal precision is well-defined, we 
can then consider the external precision for normals, as 
listed above, as the conservative measure of resolvable 
effects. Analyses of Hoba (IVB) show reproducible 
deficits at 100Ru/101Ru of -1.08±0.11, -0.95 ±0.09, and 
-0.91±0.06εu. For Tlacotepec (IVB) the deficit at 
100Ru/101Ru is -0.92±0.10εu, while Gibeon (IVA) 
shows -0.40±0.06εu, which is barely resolvable (for a 
reproducibility for normals of 0.3εu). The two IAB 
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Fig. 1  Iron Meteorites and Pallasites
Ru Isotopic Compositions
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irons we analyzed (Canyon Diablo, IA; Pitts, IB) show 
no Ru isotope anomalies. Pallasites show only small 
deficits at 100Ru/101Ru with only Thiel Mountain hav-
ing a potentially resolved deficit (-0.58±0.05εu). Ordi-
nary chondrites (measurements of whole-rock samples 
and of separated FeNi) show no resolved isotope 
anomalies for Ru. For carbonaceous meteorites, dupli-
cate analyses of Murchison (CM2) show only a hint of 
an excess in 100Ru/101Ru of 0.60±0.16εu and 0.59± 
0.30εu. Whole rock samples of Allende (CV3) show 
the largest deficits of -1.70±0.05εu for 100Ru/101Ru and 
match the deficits observed for 100Ru/101Ru for three 
coarse-grained CAI from Allende (Egg-3, Egg-6, Big-
Al). No effects for isotope ratios other than 100Ru/ 
101Ru are resolvable, for any of the measured meteor-
ites and CAI. However, the effects for 100Ru/101Ru are 
endemic and well-defined.   

Discussion: Ru has two p-process isotopes (96, 

98Ru), one s-process-only (100Ru), one r-process-only 
(104Ru) and three mixed s- and r-process (99, 101, 102Ru). 
For the normalization used (99Ru/101Ru) only 100Ru/ 
101Ru shows clearly resolved and endemic isotope 
deficits (with the possibility of an excess for Murchi-
son). Again, for this normalization, there are no effects 
in the p-process Ru isotopes nor in the r-process-only 
isotope. In [1] we addressed the effect of choosing 
different isotope ratios for normalization for isotope 
fractionation: Case 0: normalization to 99Ru/ 101Ru, as 
above; Case 1: normalization to 100Ru/101Ru, which 
would yield large enrichments in 96, 98Ru and deple-
tions in r-process 102, 104Ru; Case 2: normalization to 
99Ru/100Ru, which would yield depletions in 96, 98Ru 
and enrichments in 101,102,104Ru; and finally, Case 3: 
addition of s-process Ru, which can remove the ob-
served deficits in 100Ru/101Ru, without generating 
anomalies for other Ru isotopes. We note that Case 1 

would permit a correlation between p-process isotopes 
for Ru and Mo. However, the resulting deficits in r-
process isotopes for Ru would not be consistent with 
the absence of r-process effects, in the same samples, 
for Mo [2]. Similarly, for Case 2, enrichments in the r-
process isotopes in Ru would not be consistent with 
the absence of r-process effects in Mo for the same 
samples. We note that the multiple patterns of isotope 
anomalies observed for Mo indicate multiple nucleo-
synthetic components (cf [2] for discussion and refer-
ences). The single pattern of isotope anomalies for Ru 
(one pattern only for any specific normalization) does 
not permit the identification of the correct normaliza-
tion process and a unique identification of which Ru 
isotope(s) carries the endemic isotope anomaly.  

Finally, we emphasize that there are clearly re-
solved and endemic isotope anomalies both for Ru and 
for Mo and that these effects have been preserved in 
the same samples, including both primitive carbona-
ceous meteorites, CAI, and planetary differentiates 
with effectively comparable contributions. These ob-
servations are not consistent with the claims of no re-
solved effects for Ru and Mo in [5, 6, 7].  
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Fig. 2  Chondrites & Allende CAIs
Ru Isotopic compositions
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