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Introduction:  Xenon isotopes in presolar grains 

show clear evidence of contributions from 
nucleosynthetic processes.  S-process xenon, Xe-G, 
has been identified in SiC grains along with a more 
“normal” component Xe-N [1], while high 
temperature releases from nanodiamonds exhibit 
mixing between Xe-HL and Xe-P6 [2].  Gilmour et al. 
[3] recently reported that Xe-P6 was present only in 
coarser grain size fractions of a nanodiamond separate 
from Efremovka.  This behavior contrasts with Xe-
HL, which is distributed across all grain-size 
fractions.  They argued that similar enrichments in 
heavy and light isotopes over solar-xenon in Xe-P6 
and Xe-HL suggested that they were products of the 
same process(es) operating under slightly different 
conditions in different stellar environments.   

There is a problem in constraining the isotopic 
compositions characteristic of particular processes 
from the mixing lines observed in analyses of presolar 
material.  Separates of both SiC grains and 
nanodiamonds contain sub-populations from different 
sources, so the mixing lines most likely represent 
mixing between endmembers trapped in grain sub-
populations.  But each endmember is itself mixtures of 
the xenon reservoirs present in its source region.  
These reservoirs include ambient xenon from the 
parent star as well as freshly synthesized material.  
Ambient xenon is a mixture of xenon from a variety of 
nucleosynthetic sources pre-dating formation of the 
parent stellar system.  In this it is akin to solar xenon, 
but there is no requirement that it isotopically match 
either solar xenon or another xenon component 
trapped in a different grain sub-population.  Thus the 
precise signature of the nucleosynthetic process cannot 
be disentangled from the endmember trapped in a 
grain subpopulation by referring to the mixing line 
observed in analyses. 

To avoid this problem, we approach the data of 
previous workers [1,2,4] by combining the variation in 
xenon isotopes across all releases with theoretical 
constraints on nucleosynthetic processes.  This 
removes the artificial constraint that nucleosynthetic 
signatures lie on observed mixing lines. 

Observed Xenon Isotopic Variations:  To first 
order, all the observed isotopic variation in presolar 
material can be accounted for by three component 
mixing (Fig. 1).  Thus three distinct sources 
contributed material to the inventory.  To proceed 

further it is necessary to fit planes to the data.  Three 
dimensional generalizations of Williamson fits [5] 
were performed.  Data that showed significant 
contributions from terrestrial atmospheric xenon 
(which is mass fractionated) or iodogenic xenon 
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Fig. 1.  Plane fitted to presolar grain data.  Two linear 
arrays represent data from SiC (labeled) and 
nanodiamonds. 
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Fig. 2:Data were excluded from the dataset if iodogenic or 
terrestrial xenon was present.  See text for discussion. 
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(129Xe and 128Xe excesses) were excluded.  One such 
fit of six possible (when the independent variables are 
chosen to be 130Xe/132Xe and 136Xe/132Xe) is shown in 
Fig. 1, where distinct linear arrays of data from 
nanodiamonds and SiC are visible.   

In Fig. 2 we investigate the extent to which the 
linear array of data from SiC grains is coplanar with 
that from nanodiamonds.  A line was fitted in 3 
dimensions through the SiC data and the associated 
vector used to project all data into the 130Xe/132Xe = 0 
plane.  If the data are indeed coplanar then projected 
SiC data should lie on the trendline through projected 
nanodiamond data.  This is the case for 
129,131,134Xe/132Xe as the dependent variable.  When 
124Xe/132Xe, 126Xe/132Xe or (especially) 128Xe/132Xe are 
the dependent variables the data are slightly but 
distinctly non-coplanar.  These are the isotopes 
involved in the “L” component of Xe-HL; thus when 
all data are considered there is evidence of variation in 
Xe-HL.   

Nucleosynthetic Signatures: To derive signatures 
consistent with nucleosynthetic sources it is necessary 
to combine theoretical constraints with the observed 
variations.  To derive an s-process composition we 
adopted 136Xe/132Xe = 0.  The further constraint that 
all isotope ratios on the s-process path be consistent 
with the theoretical limits of Arlandini et al. [6] led to 
the composition shown in Table 1.  It is close to that 
previously derived but with a smaller contribution to 
134Xe.  The s-process component trapped in SiC grains 
is close to being a pure endmember. 

To investigate the r-process we adopt the 
requirement that 130Xe/132Xe = 0.  In Fig. 3 (and 6 
similar such plots) it is clear that there is variation 
consistent with two well-defined endmembers.  Both 
endmembers are required to lie along the mixing line, 
one with low 128Xe/132Xe and one with high 
128Xe/132Xe.  If we adopt the further criterion that 
128Xe is not produced in the r-process, from which it is 
shielded, little or no 136Xe is produced.  So if our 
conventional understanding of this process is correct 

its product must always be mixed with the products of 
a second process producing the light isotopes.  This is 
also true of the component more enriched in both 
128Xe and 136Xe, which is responsible for the signature 
of Xe-HL and Xe-P6.  Constraining these components 
to lie on the mixing line of Figure 3 results in the 
ranges of compositions shown in Figure 4.  These are 
defined without reference to a supposed “normal 
component” and represent the constraints imposed on 
models of nucleosynthesis by presolar grain data. 

References: [1]Lewis et al. (1994) GCA 58, 471. 
[2]Huss & Lewis, (1994) Meteoritics 29, 791. 
[3]Gilmour et al. (2005) GCA (in press).  [4]Huss et 
al. (2003) GCA 67, 4823. [5]Williamson (1968) Can. 
J. Phys. 46, 1845. [6]Arlandini et al.(1999) Ap. J. 
525, 886. 
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Fig 3: Data are projected parallel to the fitted plane into 
the plane where 130Xe/132Xe = 0.  This thus represents the 
variation in the r- and p-process isotopes between r-process 
xenon and  Xe-HL.  Symbols as for Fig. 2. 

 This work Lewis et al. [1] 
124Xe/132Xe  -0.00065(08) -0.0002(01) 
126Xe/132Xe -0.00020(10) 0.0003(02) 
128Xe/132Xe 0.212(04) 0.216(02) 
129Xe/132Xe 0.105(30) 0.118(11) 
130Xe/132Xe 0.48(01) 0.483(04) 
131Xe/132Xe 0.184(18) 0.186(12) 
134Xe/132Xe 0.013(05) 0.0222(53) 
136Xe/132Xe ≡0 0.00344(03) 

Table 1 – Comparison of s-process compositions. 
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Fig. 4:  Allowed compositions of Xe-h and Xe-r are shown 
with ranges at each isotope ratio shown as vertical lines.  
For each component, choice of one ratio determines the 
other ratios as illustrated by tie lines between isotope 
ratios. 
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