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Cosmochemistry is the study of physical 
samples, most often meteorites or 
meteorite components.

Iron Meteorite (IIAB) Chondrite (Carbonaceous)
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Mass independent isotope variations can be generated by

• Heterogenous distribution of nucleosynthetic material

• Radioactive decay

• Exposure to galactic cosmic rays

Mass dependent isotope variations can arise from

• Geological/biological processes

• Chemical seperation of elements

• Isotopic analysis

Isotopic varations in meteorites

To remove the effects of mass dependent fractionation from 
an analysis we can internally normalise the sample.
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Instrumental mass fractionation follows the 
exponential law,

𝑅𝑖𝑗 = 𝑟𝑖𝑗
𝑚𝑖

𝑚𝑗

−𝛽
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Internal normalisation is correcting for mass 
fractionation by assuming a fixed value for a certain 
isotope ratio, 

𝑅𝑖𝑗 = 𝑟𝑖𝑗
𝑅𝑘𝑗
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Nucleosynthetic variation in bulk meteorites and CAI’s
exist for many refractory elements heavier than Fe. 

More volatile elements show smaller or no 
nucleosynthetic variation.

The nucleosynthetic variation in bulk meteorites is 
often correlated between elements and consistent 
with an s-process deficit relative to Earth.
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We cannot apply the internal normalisation equation 
directly on stellar yields due to the exponential 
nature of the equation
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We cannot apply the internal normalisation equation 
directly on stellar yields due to the exponential 
nature of the equation

However, we can use a linearised version of the 
equation for comparison with meteorite data.
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This equation is approximately the same as that in Dauphas et 
al., Earth Planet. Sci. Lett. 226 2004
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If all isotopes are readily produced by the stellar model, the choice 
of the STD abundances is typically negligible. 

Isotopes that are not readily produced by the stellar model can be 
very sensitive to the STD abundance used. Even differences in the 
5th decimal can result in significantly different mixing line.

We therefore suggest using the STD abundances that were used to 
represent the initial composition of the model.

It is also important to look at the production factors to evaluate the 
appropriateness of calculating mixing line. 
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Isotope Production 
Factor

84Sr —

86Sr 26

87Sr 25

88Sr 32

M = 3 M☉; Z = 0.014

There are four Sr isotopes so therefore 12 choices for 
internal normalisation.

However, mixing lines will be the same for a ratio and 
its reverse, e.g. 86Sr/88Sr and 88Sr/86Sr.

When there is a large difference in production factors 
between the normalising isotopes the mixing lines can 
change significantly. 

Comparison of s-process abundances to meteorite data and the impact of neutron-capture cross sections on the Mo isotopic ratios

17ChETEC-INFRA General Assembly, 7th June 2023, Atomki, Debrecen



There is a small discrepancy between the s-process stellar 
models and SiC for Mo isotopes.

A higher neutron cross section has been reported for 95Mo 
by P.E. Koehler, Phys. Rev. C 105(5), 2022.
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There is a small discrepancy between the s-process stellar 
models and SiC for Mo isotopes.

A higher neutron cross section has been reported for 95Mo 
by P.E. Koehler, Phys. Rev. C 105(5), 2022.

The effect of the higher neutron cross section can be 
mimicked by dividing the abundance-by-number of 95Mo by 
1.3.

This updated neutron cross section results in a better 
agreement between stellar models and SiC for Mo isotopes.
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