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Developments in mass spectrometry and accompanying improvements in precision of isotope ratio analyses re-

vealed that isotopic anomalies were widespread in planetary materials [1]. The nature of those anomalies depends on 
the element and the material that is analyzed. For example, Mo isotope variations in bulk meteorites are best explained 
by variations in the s-process of nucleosynthesis [2,3] while non-FUN CAIs show Mo isotope patterns that are more 
consistent with an enrichment in the r-process [3]. The reason why such distinct isotope signatures were preserved in 
macroscopic meteoritic and planetary materials is unknown. Significant progress towards addressing this question has 
been achieved by extending the range of elements that have been analyzed. An intriguing finding of the measurements 
done on normal CAIs is that most of them seem to have formed from a homogeneous reservoir that was distinct from 
other solar system reservoirs [1,4]. Furthermore, in non-FUN CAIs, different elements can display different nucleo-
synthetic signatures, showing variable enrichments and depletions in the s- and r-processes [4].  

For elements that possess isotopes only produced by 2 processes (e.g., s and r), it is not possible to tell whether 
the anomalies reflect a depletion in a process or an enrichment in another (e.g., s-deficit=r-enrichment). For elements 
that possess isotopes produced by the 3-processes p, s, and r, one can use the measured isotopic patterns to infer which 
process is responsible for the measured effects [2]. For example, an s-deficit will be characterized by a pattern where 
the p and r process isotopes remain in solar proportion while an r-excess will be characterized by a pattern where the 
p and s process isotopes remain in solar proportions. Those isotopic patterns can be readily distinguished.  

The manner in which nucleosynthetic anomalies of heavy elements are usually studied is by calculating synthetic 
isotopic patterns by mixing calculated or measured (as in s-process compositions of presolar SiC) pure nucleosynthetic 
components to the solar composition. One usually examines all possible scenarios of deficits and enrichments to select 
the one that best matches the measured profile. While this approach has been fruitful, it is intrinsically limited as the 
components that were heterogeneously distributed in the solar system do not need to be pure nucleosynthetic compo-
nents. Another limitation of this approach is that with the increasing number of elements for which nucleosynthetic 
anomalies have been documented, it is difficult to get an overall view of what processes control isotopic anomalies in 
all planetary materials. 

In order to address this problem, I introduce a new ternary diagram to learn about the nucleosynthetic sources 
responsible for the presence of isotopic anomalies in meteoritic and planetary materials [1]. Burkhardt et al. [3] had 
used a ternary diagram where they plotted the contribution of the p, s, and r processes for each isotope (e.g., 92Mo 
would plot at the p-apex, 96Mo would plot at the s-apex, and 100Mo would plot at the r-apex). The ternary diagram that 
I use is different in that the end-member components are the pure nucleosynthetic components (p, s and r) comprising 
all the isotopes. Taking Mo (92Mo, 94Mo, 95Mo, 96Mo, 97Mo, 98Mo, 100Mo) as an example, the end-members are given 
by s= (0, 0.014, 0.169, 0.425, 0.134, 0.446, 0.001), r=(0, 0, 0.237, 0, 0.110, 0.169, 0.245), and p= (0.378, 0.222, 0, 0, 
0, 0, 0), where the abundances are normalized to 106 Si atoms. The solar composition is the sum of those 3 vectors 
(0.378, 0.236, 0.406, 0.425, 0.244, 0.615, 0.246), meaning that it plots at the center of the ternary diagram. All the 
possible nucleosynthetic components lie along edges of the ternary diagram and correspond to specific patterns. If an 
element is solely produced by the p, s, and r-processes, it is thus possible to uniquely plot the nucleosynthetic compo-
nent responsible for this pattern in a ternary diagram.  

The virtue of this approach is that it captures the diversity of nucleosynthetic components that could have been 
responsible for the presence of isotopic anomalies (one does not need to assume that only the pure p, s, and r-processes 
were involved) and it summarizes in one data point all the information conveyed in complex isotopic patterns. I will 
present the derived pure nucleosynthetic components calculated for Sm and Ba in FUN CAI EK-1-4-1, Sm, Ba, Mo, 
and Ru in non-FUN CAIs, and Mo, Ru, Ba, and Sm in acid leachates of primitive meteorites and will discuss impli-
cations for our understanding of how those anomalies were formed. 
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