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Introduction: The formation of the solar system 

involved large-scale mixing of material throughout the 
entire protoplanetary disk. It is thus remarkable that 
heterogeneities between meteorite groups, but also up 
to planetary scale, still persist. In the last decade, stud-
ies demonstrated the existence of two distinct isotopic 
reservoirs in the solar system. Carbonaceous chondritic 
material, thought to originate from the outer regions of 
the solar system, carries excesses of neutron-rich Cr, 
Ti, Mo, Ni isotopes compared to non-carbonaceous 
material [1-3]. The origin of this dichotomy [2,3] and 
its bearing on the origin and distribution of various 
nucleosynthetic signatures in solar system material 
remain debated [4,5]. It is worth noting that, up to 
now, this dichotomy has been identified mainly for 
refractory elements [6]. 

Noble gases are tracers of choice and have been 
used historically for understanding nucleosynthetic 
heterogeneities in solar system material [7]. Xenon is a 
particularly useful element since its nine isotopes (124-

136Xe) are produced by P-, R- and S-process stellar 
nucleosynthesis. Studying the relative proportions of 
Xe isotopes in solar system material (Fig. 1) can thus 
contribute to put constraints on the different nucleo-
synthetic environments [8] and to establish their influ-
ences on the distribution of nuclides in different re-
gions of the solar system. 

 
Figure 1: Isotopic composition of cometary xenon extended 
to 124-126Xe. The composition computed here is compared to 
measurements of Xe in the coma of 67P and to the model of 
[10], to HL-Xe [8] and to Xe in nanospinels of Allende [13]. 
Errors are 1s. 

Xenon in the Earth's atmosphere presents a mass-
dependent fractionation in favor of the heavy isotopes 

relative to all cosmochemical end-members. After cor-
rection for the mass-dependent fractionation, the theo-
retical ancestor of atmospheric xenon, U-Xe [9], pre-
sents depletions in 134Xe and 136Xe isotopes relative to 
Solar or Chondritic end-members. This deficit of R-
process Xe isotopes supports the view that nucleosyn-
thetic heterogeneities persisted during the Solar Sys-
tem formation. Measurements of xenon in the coma of 
comet 67P/Churyumov-Gerasimenko (67P/CG-Xe 
hereafter) identified a similar, but more extreme, defi-
cit of cometary gas in these isotopes relative to Solar 
gas (Fig. 2) [10]. 

In this study [11], we show that the xenon data 
from 67P can be re-interpreted with the theoretical 
framework developed in previous studies of nucleo-
synthetic anomalies in meteorites [12]. Correlations 
show that two distinct sources (r and h) contributed R-
process Xe isotopes to the solar system and that h-
process Xe contributed at least 59% of solar system 
136Xe. Results are also used to compute the isotopic 
composition of the theoretical starting component for 
Earth's atmospheric xenon.  The isotopic composition 
of this component demonstrates the existence of a 
temporal or physical separation establishing relative 
variations of P-process and R-process Xe isotopes 
across the Solar system. 

 
Figure 2: Comparison between U-Xe, the progenitor of at-
mospheric Xe [9], and Start-Xe computed in this study. Start-
Xe is depleted in P-process Xe nuclides. Adding Xe-HL ([8], 
Fig. 1) cannot compensate for this depletion since it also 
contains heavy Xe isotopes. Errors are 1s. 

Model:  The isotope composition of cometary xen-
on (Comet-Xe) has been predicted by using the fitted 
planes presented by [12] and the 130Xe/132Xe and 
136Xe/132Xe ratios of 67P/CG-Xe [10]. Errors were 
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propagated by using a Monte Carlo algorithm. 22% of 
the synthetic cometary component was then mixed 
with 78% of chondritic xenon (Q-Xe, [14]) following 
[10] in order to build a theoretical progenitor of Earth's 
atmospheric Xe labelled Start-Xe. 

Results & Interpretations:   
Distinct R-process contributions to solar system 

xenon. Compilation of meteorite data already identified 
two R-process contributions to solar system xenon 
labelled r-process and h-process [12]. The fact that 
67P/CG-Xe lies on the planes identified by [12] allows 
to compute a maximum value for r-process 136Xe/132Xe 
of about 0.19. This result gives a new constraint to 
correlations identified by [12] and means that the h-
process made a significant contribution (>59% of 
136Xe) to solar system xenon. 

Cometary xenon and the precursor of atmospheric 
xenon.  The isotopic composition of the theoretical 
cometary Xe determined in this study is matching 
67P/CG-Xe for 128,130-136Xe. However, it is distinct for 
129Xe and presents severe depletions, down to  
-500 ‰, for  124Xe and 126Xe relative to SW-Xe (Fig. 
1). When 22 % of this cometary Xe is mixed with 
78 % of Q-Xe [10], the resulting composition, Start-
Xe, is distinct from U-Xe for 124-126Xe (Fig. 2). 

 
Figure 3: Isotope ratios of the P-process Xe end-member 
required to compensate for the isotopic depletions identified 
in this study [11] and in chemical separates from the Allende 
meteorite [13]. The compositions of Xe-HL [8] and of Xe 
produced in different theoretical nucleosynthetic environ-
ments are also shown for comparison [15]. Errors are 1s. 

Nucleosynthetic heterogeneities across the solar 
system. While Start-Xe is close to U-Xe for  
129-136Xe/132Xe ratios, the low 124-128Xe/132Xe ratios 
relative to U-Xe or SW-Xe are incompatible with 
Start-Xe being the precursor of atmospheric Xe. Mix-
ing with Xe-HL, a nucleosynthetic end-member de-
fined by meteorite studies [16], cannot compensate for 
the depletion in 124-128Xe since it would lead to a depar-

ture from U-Xe for heavy isotopes. The most plausible 
explanation for the depletion in 124-128Xe of Start-Xe 
relative to SW-Xe is the incorporation of a pure P-
process Xe to the R/S-process mixture originally con-
sidered here. 

The P-process isotope ratios required to reach solar 
ratios for the precursor of atmospheric Xe are 
2.15±0.82 and 0-12 for 124Xe/126Xe and 128Xe/126Xe, 
respectively. These ratios are compared to theoretical 
ratios derived from existing nucleosynthetic models 
(Fig. 3, [15]). Two models can be excluded (at 1s lev-
el) but the isotope ratios remain too imprecise to fur-
ther constrain which type of nucleosynthetic event 
contributed light Xe isotopes to the inner solar system.  

Conclusions:  The precursor of atmospheric xenon 
presents selective depletions in 134Xe and 136Xe iso-
topes relative to Solar and Chondritic end-members 
[9]. Such a depletion has been identified in xenon in 
the coma of comet 67P/Churyumov-Gerasimenko [10] 
although light Xe isotopes were not detected/measured. 
By using nucleosynthetic correlations identified in 
meteorite material [12], we built a theoretical starting 
composition for the Earth's atmosphere for all Xe iso-
topes (124-136Xe). This composition presents severe 
depletions in 124Xe and 126Xe isotopes which cannot be 
accounted for by adding classical noble gas end-
members to the isotopic mixture. These depletions 
require the incorporation from the interstellar medium 
of a pure P-process end-member to obtain solar-like 
isotopes ratios for 124-128Xe of the starting composition. 
Either this P-process incorporation happened before 
incorporation of R-process nuclides or material in the 
outer edge of the solar system carries a different mix of 
presolar sources as in parent bodies of meteorites. 
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