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Introduction: The isotopic compositions of mod-

erately volatile elements like Li, K, Rb may provide 
key information to further enhance our understanding 
of the early history of our Solar System (e.g., [1,2]). 
Here we discuss technical aspects of our efforts to pre-
cisely determine the Rb isotopic composition of mete-
orites and present a hint for a possible nucleosynthetic 
effect suggested by correlated observations on Sr. 

As first shown by the investigation of rare gases 
and subsequently by analyses of presolar grains that 
were revealed by the noble gas studies, primitive me-
teorites contain original and relatively unaltered prod-
ucts of stellar nucleosynthesis (see, e.g., [3] for a re-
cent review). Later work, first on Cr [4,5] and subse-
quently by high-precision ICP-MS on a variety of 
other elements (e.g., Zr, Mo, Ba, Nd, Os [6-9]) showed 
that stepwise dissolution can also lead to identifiable 
variations in isotopic composition that can be traced 
back to variable contributions from different processes 
of nucleosynthesis. We have used a similar approach 
as part of our study of Rb in meteorites. 

Measuring Rb isotopes: Rb has two isotopes, 
85Rb and 87Rb, with the “best measurement from a sin-
gle source”(IUPAC; [10]) corresponding to 87Rb/85Rb 
= 0.385705. Absolute isotopic ratios of Rb, with two 
isotopes only, are difficult to measure by TIMS and 
may have an uncertainty of 1 to 2 % because instru-
mental fractionation cannot be corrected for. The situa-
tion is more favorable when using a plasma source 
mass-spectrometer (ICP-MS), because isotopes of a 
neighboring element may be used for correction. The 
suggestion of using Zr for fractionation correction [11] 
was first realized by [12], but the method has two 
shortcomings: a) the isotopic composition of Zr is ill 
constrained [12]; and b) Zr as a high field strength 
element has significantly different chemical (evapora-
tion, ionization) properties compared to Rb, which is a 
large ion lithophile element. The same technique was 
applied by [2], who reported an external reproducibil-
ity of 0.02% based on repeated analyses of an artifi-
cially enriched standard solution. These authors also 
found Rb isotopic variations in meteorites. Here we 
report results of our efforts to measure the isotopic 
composition of Rb using Sr to monitor in-run frac-
tionation. Compared to the pair Rb-Zr, masses and 
chemical characteristics of Rb and Sr are much more 
similar. 

Experimental: Rb isotopic measurements were 
performed using the NU Instruments Plasma ICP-MS 
at University of Bern. To correct for instrumental mass 

fractionation we added a well determined Sr standard 
solution (SRM 987) to the essentially Sr free sample 
(less than 10mV on Faraday with 1011 Ohm resistor for 
88Sr after chemical separation). Correction of 
87Rb/85Rb using 88Sr/86Sr was done by the same algo-
rithm as used in subtracting the oxygen for measure-
ments with oxide ions. We used the more precise 
IUPAC value for 88Sr/86Sr of 0.1193517±0.000085 
[10] for fractionation correction instead of the com-
monly used 86Sr/88Sr = 0.1194. No relationship be-
tween 87Rb/85Rb and the amount of added Sr was ob-
served, but we set the 88Sr signal routinely close to 7V 
(Faraday, 1011 Ohm resistor) to blend out any effect of 
the residual Sr. 

Chemical separation of Rb after dissolution of the 
sample was done using standard ion exchange chroma-
tography. In order to get a 100% yield on the ion-
exchange columns we carefully calibrated them and 
collected the full Rb fraction. To enhance separation of 
Rb from Sr and Ca each sample was processed twice 
(using Dowex AGX-8 resin). Additionally, we precipi-
tated Ca and Sr between the two column steps using 
concentrated HF. This step is crucial to nearly quanti-
tatively separate Rb and Sr, but we observed a consis-
tent 87Rb/85Rb fractionation of -0.1‰ through this step 
for which we corrected our data. With the optimized 
chemical procedure we are able to externally repro-
duce the 87Rb/85Rb ratio of our standard ratio to within 
0.1‰ (2sigma external reproducibility). The 2 sigma 
error of single measurements is on the order of 0.02‰. 

Standards: There is a 2 ‰ difference between the 
87Rb/85Rb standard value of 0.38549 of [12] and the 
value we obtained for our lab standard (0.386142; 
ICPMS solution from Alpha Ceasar). While the re-
spective standard solutions may differ, it is also possi-
ble that the 90Zr/91Zr ratio of 4.5842 used for correc-
tion by [12] is incorrect. Using the 90Zr /91Zr ratio of 
4.5882 as suggested by IUPAC [10] for correcting the 
87Rb/85Rb ratios of [12], a 87Rb/85Rb ratio of 0.386108 
is obtained for their standard, which is in reasonable 
agreement with our standard value. 

Results: We measured isotopic variations of rubid-
ium in cosmic and terrestrial samples and found con-
siderable isotopic variations (cf. also [2]). Detailed 
results will be presented and discussed elsewhere 
(Jagoutz, in prep.). Here we wish to concentrate on 
evidence for a component in meteorites that may be 
due to the effect of stellar nucleosynthesis, in particu-
lar the s-process. 
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Relevant to this inference are our observations on 
acid leachates of the meteorites Murchison (CM2) and 
Leoville (CV3). First inter-granular and surface Rb 
was dissolved using 6N HCl, after which we applied 
oxidizing aqua regia (AR fraction), and in the final 
dissolution step the silicates were dissolved. In both 
cases the AR fraction was about 0.8‰ lighter in Rb 
isotopic composition than the residue and the first 
(HCl) leachate. Evidence (though not a proof) that an 
excess s-process contribution is responsible for the 
observed shift in Rb isotopes, comes from the Sr iso-
topic composition that we measured using the Triton 
mass spectrometer at the Max Planck Institute in 
Mainz. While the AR leachate of Murchison did not 
contain sufficient Sr to be measured with sufficient 
precision, the AR leachate of Leoville could be meas-
ured with confidence (120 ratios) and - compared to 
NIST Standard SRM 987 and also whole rock Murchi-
son - a deficit in 84Sr of about 4‰ was observed. Since 
84Sr is a p-only isotope – not produced by the s-process 
of nucleosynthesis (Fig. 1) - this is a strong indication 
that using aqua regia we dissolved a phase which 
shows an overabundance of products of the s-process. 
By inference, the isotopic shift in Rb could also be due 
to an excess of material synthesized by the s-process. 

Discussion: Depending on neutron density the s-
process branching at 85Kr (half-life 10.8 years) can 
lead to very different 87Rb/85Rb ratios. When neutron 
densities are low, 85Kr has time to decay to 85Rb and 
87Rb is bypassed (Fig. 1; cf. also [13]). At higher neu-
tron densities, on the other hand, 85Kr will capture neu-
trons to form 86Kr and then 87Kr, which decays to 87Rb. 
The two s-process paths join at 88Sr (Fig. 1). In reality, 
the situation is slightly more complex, since neutron 
capture on 84Kr leads to the ground state of 85Kr, as 
well as to a short-lived isomeric state that decays to 
either the 85Kr ground state or directly into 85Rb. 

Models that try to reproduce the main s-process 
contribution to Solar System abundances typically 
predict 87Sr/86Sr ~1 [14], and an even much higher 
ratio of ~7.7 has been inferred from a preliminary 
analysis of a bulk residue of pre-solar silicon carbide 
grains originating from AGB stars ([15]; note that the 
possibility of isobaric interferences in this measure-
ment has been acknowledged). Addition of s-process 
material with this composition will lead to an excess of 
87Rb rather than the observed 85Rb excess. Large varia-
tions, however have been seen in the 86Kr/82Kr ratio in 
presolar SiC [16,17], where the abundance of 86Kr is 
influenced by the 85Kr branching in the same way as 
the abundance of 87Rb (Fig. 1). Addition of Rb pro-
duced under similar conditions as the low 86Kr/82Kr in 
the most fine-grained SiC fractions [17] may result in 
light Rb. 

An alternative to addition of main s-process mate-
rial may be addition of material dominated by contri-
butions from the weak s-process, which most likely 
operates during He core and C shell burning in mas-
sive stars [18]. Unfortunately [18] do report overabun-
dances in the weak s-process material of 87Rb only, not 
of 85Rb. However [19], in the analysis of pre-solar 
graphites, found Kr most likely derived from massive 
stars characterized by essentially zero 86Kr (which con-
sequently will have zero 87Rb abundance). Quite obvi-
ously, addition of this “weak s” material to normal 
matter will result in enhanced 85Rb/87Rb (and naturally 
a deficit in 84Sr) as observed. The low 86Kr component 
was most prominent in the low density (1.60-2.05 
g/cm3) graphite separate of [19], which conceivably 
may be the most susceptible to attack by aqua regia.  

 
Fig. 1: s-process path in Kr-Rb-Sr region. 
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