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RELATIONSHIPS AMONG ISOTOPIC COMPOSITIONS OF SOLAR-SYSTEM XENON 
AND KRYPTON. R. 0. Pepin, Department of Physics, University of Minnesota, Minneapolis MN 55455. 

A remarkably large number of isotopically different trapped Xe and Kr compositions have been measured in 
meteorite camer phases or inferred to exist in the early solar system. For Xe these include a group here collectively 
termed "Q-type" Xe: Xe-Q [1,2], Xe-P1 [3], OC hrdinary chondrite)-Xe [4], AVCC (average carbonaceous chondrite)- 
Xe [5], and ureilite Xe (e.g., Kenna [6] and Novo Urei [S]), all of which have been put forward at one time or another 
as candidates for "primordial" solar-system Xe. Presolar meteoritic diamonds contain a second and different suite of 
isotopically distinct compositions: Xe-P3, Xe-HL, and Xe-P6e ("exotic") [3]. Another, Xe-S, is prominent in 
interstellar silicon carbide [7]. Each of these is accompanied in its carrier by a corresponding Kr composition. In 
addition an originally inferred [5] but now detected [8] composition called U-Xe is a promising primordial parent for 
nonradiogenic terrestrial Xe [5,9,10]; both U-Xe and its associated Kr, Kr-1, appear to be present in solar wind (SW) 
Xe and Kr [lo].  Such an extensive and isotopically diverse set of compositions might well be expected from 
nucleosynthetic theory [I 11. The possibility explored here, however, is that some of them are not truly independent, 
but may instead reflect fractionation or mixing of a smaller subset of primary components. 

Fractionation. Q-type Xe is modeled as a mixture of , o o  
U-Xe and Xe-HL, fractionated by hydrodynamic escape of 
transient planetesimal atmospheres [9 ] .  This approach is 8 0  

similar to Lavielle and Marti's [4] modeling of OC-Xe as a 
6 0  mixture of Xe-HL and fractionated SW-Xe, except that here 

U-Xe re~laces  SW-Xe and the two comDonents mix ~ r i o r  to 4 0  

fraction8tion. Both the HL/U mixing ratio a i d  the 
hydrodynamic escape fractionation (HEF) factors were varied 
to obtain the best fits, shown in Fig. lA, to each of the six 
measured compositions of Q-type Xe. The average HL/U 
mixing ratio at 130Xe for the group is 8.3% and the average 
HEF factor is 6.0%0/amu, with extreme deviations for indi- 
vidual members of only < 1.5% and <l%olamu respectively. 

It is evident from Fig. 1A that measured lZ4Xe and 126Xe 
ratios are not replicated by the model (nor is lZ9Xe, but here 
addition of radiogenic 129Xe is presumably responsible). This 
suggests the presence of a U-Xe variant (U'-Xe) deficient in 
these two isotopes. Satisfactory fits at all isotopes except 
Iz9Xe are generated in Fig. 1A by defining U'-Xe as U-Xe 
minus a two-isotope component, called Xe-L2, with a 
124Xe/126Xe ratio of -4.2 (see Table); alternatively, they can 
be obtained by subtracting roughly this same Xe-L2 
composition from Xe-HL. The existence of U'-Xe is consis- 
tent with conclusions from an earlier analysis [5] that U-Xe 
is a multi-component mixture; one of these components, 
obtained in [5] by subtracting U-Xe from AVCC-Xe, 
resembles Xe-L2 although with very large uncertainties. 

Fig. 1B shows the fit of average Q-type Xe to a frac- 
tionated U'-Xe + Xe-HL mixture with 8.3% mixing ratio. 
Error bars are dominated by real compositional variations 
among the Q-type group. The average fractionation curve is 
bounded by curves delineating extreme HEF factors; 
combinations of these with best-fit individual HL/U' mixing 
ratios generate the lZ8Xe- 136Xe isotope ratios in Fig. 1A. 

The corresponding results for Kr are set out in Fig. 1C. 
Here the plotted HEF curves are fixed by the choices for Xe 
fractionation factors [9]. The unfractionated primordial com- 
position associated with U'-Xe is taken to be SW-Kr [lo]. 
AVM (average meteoritic)-Kr is the average of measured 
compositions in bulk meteorites [12-141; it agrees closely 
with that in the unoxidized Murchison KB1/1 residue [2]. 
Variable enrichments of in AVM-Kr samples presum- 
ably reflect contributions from neutron capture in Br [14]. 

Although reasonably successful in replicating the Q- 
type Xe and AVM-Kr isotope ratios, this simple fractiona- 
tion model does not yield acceptable matches to measured Kr 
compositions in several individual members of the Q-type 
group -Kr-Q [1,21, Kr-P1 [3], Kenna [6] and Novo Urei 
[14]- nor can it account for the Xe or Kr compositions in 
the P3 and P6e constituents of presolar diamonds [3]. 
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U-Xe [5,101 2.947(9) 2.541(8) 50.87(15) 628.7(19) =I00 498.5(21) 604.8( 18) 21 2.88(64) 166.34(50) 
U'-Xe [thiswork] 2.750(28) 2.494(19) 50.87(15) 628.7(19) =I00 498.5(21) 604.8(18) 212.88(64) 166.34(50) 
Xe-S [Xe-GI m 0 0 44.76(28) 24.5(29) -100 38.6(27) 207.4(22) 4.6(13) E 0.71 
244Pu-Xe [I51 0 0 0 0 0 25.1(22) 87.6(31) 92.1(27) 1100 
Xe-H I 13.101 0 0 0 11.2(11) 0 11.39(41) 7 .4107)  67.73(41) =I00 
xe-LI i3,ioj 228(13) EIOO 699(50) o o o o o o 
Xe-H2 [3, this work] 0 0 0 0 0 6.74(63) 1.90(87) 60.67(75) ?I00 
Xe-12 [this work] 420 1100 0 0 0 0 0 0 0 
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Component mixing. As an alternative to fractionation, this model explores the possibility that observed Xe 
compositions reflect variable mixing of U-Xe with a basic suite of isotopically independent nuclear components. 
This approach turns out to be quite successful in closely replicating measured Xe isotope ratios (to I l o ) ,  using the 
six primary components listed in the Table: Xe-S, Pu-Xe, Xe-H1, Xe-L1, Xe-H2 and Xe-L2. Xe-H1 and Xe-L1 are 
estimates of the pure heavy and light nucleosynthetic constituents of Xe-HL, derived by subtracting Xe-P3 from Xe- 
HL [3,10] and assumed to be separable in general (but not in diamonds [3]). Similar subtraction of Xe-P3 from Xe- 
P6e [3] reveals excess light and heavy components in P6e. The former is identical within error to Xe-L1, but the 
latter is isotopically unlike either Pu-Xe or Xe-HI and cannot be formed by mixing the two. This is Xe-H2. One 
additional constituent carrying only the two lightest isotopes is required in this mixing model. Its 124Xe/'26Xe ratio is 
taken to be that of Xe-L2, invoked in the fractionation model, but higher values (up to at least 10) also work. Some 
inferential [5] and observational [16] evidence exists for such a component, and the spread in its allowed composition 
is well within the theoretically calculated range for nucleosynthesis of Xe containing only these two isotopes [ l l ] .  

Fig. 2A compares measured Xe-P3 ratios [3] with those calculated from the model, using the component mixing 
ratios with U-Xe in Fig. 2B (at 136Xe for h, H1 and H2, 130Xe for S, and lZ6Xe for L1 and L2). The negative mixing 
ratios in 2B indicate a P3 "progenitor" with less of the HI, L1, S and L2 components than the U-Xe reference com- 
position itself. Another example with a similar mixing pattern, average Q-type Xe, in shown in Fig. 2A,C. Each of 
the six individual Q-type compositions is equally well replicated, with some variations around these average mixing 
ratios, as are the remaining compositions listed in the first paragraph and others as well (e.g., Allende Xe [5] and the 
highly anomalous Xe in an El Taco graphite residue [17]). ,,, 
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Application of this model to Kr is hampered by the 
difficulty, except for Kr-S [7], of resolving the compositions , 
of pure nucleosynthetic components in samples in which 
they are enriched (e.g., Kr-HL, Kr-P3 and Kr-P6e in presolar 1 2 0  
diamonds [3]). Therefore the approach here defines Kr-HL 
and Kr-P3 themselves as "components", along with Kr-S1 8 0  

and Kr-S2 (measured compositions generated by high and 
low s-process neutron densities [7]). Mixing ratios of these 4 0  

with Kr-P6e, taken as the reference composition, were varied 
to seek matches with observed Kr isotopic distributions. The 
notable result is replication to within +lo of most of them: - 4 0  
Kr-1 and SW-Kr [9,10], AVM-Kr, Kr-Q, Kr-P1, and Novo 
Urei Kr. One exception is a rather unsatisfactory (120) - 8 0  
match to the precisely measured Kenna Kr composition [6]. 

Conclusions. Fractionation is conceptually straight- -120  
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forward and takes place in a defined astrophysical setting [9]; 1 2 4  126  1 2 8  1 3 0  1 3 2  134  1 3 6  

component mixing is more robust in its ability to match 
measured isotope ratios. Both invoke a component (Xe-L2) Xe-H2 
for which observational evidence is still meager. The mixing Xe-Hl model implies considerable granularity in delivery of carriers 
of nuclear Xe and Kr components to meteorite parent bodies. PU-xe 


