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SOLUBILITIES AND PARTITIONING OF NOBLE GASES IN MINERAL- 
MELT SYSTEMS -11. SYNTHESIS EXPERIMENTS FOR Ne, Ar, Kr, AND Xe  rn 
ANORTHITE, DIOPSIDE, FORSTERITE, AND COEXISTING MELTS. C.L. Broadhurst, 
M.J. Drake (Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721), B.E. 
Hagee and T.J. Bernatowicz (McDonnell Center for the Space Sciences, Washington University, 
St. Louis, MO, 63 130). 

oductioa: In the companion abstract [I], we have presented experimental results on 
the solubility and partitioning of Ar in anorthite-silicate melt systems. Here we examine the 
solubilities and partitioning of Ne, Ar, Kr, and Xe in anorthite-melt, diopside-melt, and 
forsterite-melt systems. 

for Ne. Ar. Kr. a: Two synthesis experiments were 
performed in which minerallmelt equilibrium pairs were held at 1300°C for 18 days in a 1 bar 
atmosphere nominally composed of 5% Ne, 93% Ar, 1% Kr, and 1% Xe. The starting gas 
composition has not yet been analyzed. Absolute solubilities normalized to 1 bar of noble gas 
are given in Table 1. First we compare the results for Ar in anorthite. As discussed in the 
companion abstract [I], the anomalous sample AN HO 228 yielded results for the solubility of 
Ar consistent with the experiment in pure Ar (see Table 1 of [I]); in fact this sample has the 
highest concentrations of all the noble gases. The two solubility measurements of Ar in AN WU 
617 are within a factor of two of the earlier results; the single value for AN 117779 is within a 
factor of three. Despite this reproducibility, the absolute solubilities for Ar as well as Ne, Kr, 
and Xe vary significantly. The reason for this spread in results is unclear at present, but may 
reflect prior sample history or sample preparation. 

Noble gas solubility patterns for all the mineral samples are shown in Figure 1. Compared 
to the average anorthite solubility, the noble gas solubilities for diopside DI DKNY are relatively 
low, whereas those for forsterite FO 12243 are high. Regardless of the sample, the data show a 
strong trend of increasing solubility with increasing atomic number. An exception is Xe in AN 
WU 617(B), a result which we do not presently understand. Solubility patterns for the melts are 
approximately constant, in contrast to the decreasing solubility with atomic number observed by 
Lux [2]. The three DJM 3AN melt subsamples show good agreement, and the Ar solubility is 
broadly consistent with [2], so the reasons for the unexpectedly high solubilities of Kr and Xe 
compared with [2] are uncertain at present. 

The spread in solubilities discussed above affects greatly the absolute values of partition 
coefficients, but is not significant in terms of partition coefficient patterns. Partition coefficients 
show an increase in compatibility from Ne to Xe which is initially steep and then flattens out 
(Table 2). 

Condus io l l~:  Consideration of our results (Tables 1 and 2; Tables 1 and 2 of the 
companion abstract [I]), in concert with the results of [2,3] indicates strongly that the noble 
gases as a group are not uniformly incompatible in anorthite, diopside, and olivine. Heavy noble 
gases dissolve preferentially relative to light noble gases, in contrast to their solubility patterns in 
silicate melts. These results, coupled with their significant solubilities in these three minerals, 
indicate that noble gases will be fractionated by igneous processes. If this partitioning and 
solubility behavior is characteristic of other common crustal and mantle minerals, planetary 
atrnospheres will contain the bulk of the planetary inventory of noble gases only if the planet is 
substantially outgassed. A more general conclusion is that planetary atmospheres are unlikely to 
record bulk planet noble gas inventories; hence, their abundance patterns should not be 
interpreted in terms of bulk planet inventories without a detailed understanding of planetary 
differentiation. 
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TABLE 1. Absolute solubilities in minerals and melts in synthesis experiments conducted at 
1300°C in a 1 bar atmosphere nominally composed of 5% Ne, 93% Ar, 1% Kr, and 1% Xe. 
Units are ccSTPlglatm. 

Experiment 1 Phase Ne Ar Kr Xe 

AN HO 228 An 6.56 x 10-5 1.03 x 10-4 1.90 x loq4 3.34 x lo4 
AN 117779 An 8.30 x 10-6 1.88 x 10-5 2.92 x 10-5 4.82 x 10-5 
AN WU6 17(A) An 2.98 x 10-7 3.77 x 10-6 6.61 x 10-6 1.08 x 10-5 
DJM 3AN(A) melt 2 . 4 4 ~ 1 0 4  9.91~10-5 1.11 10-4 1.03 x lo4 
DJM 3AN(B) melt 3.62 x lo4 1.99 x 10" 3.09 x 3.48 x lo4 

Experiment 2 

AN WU 617(B) An 1.38 x 10-6 7.60 x 10-6 9.73 x 10-6 5.39 x 10-6 
DJM 3AN(C) melt 2.92~10-4 1.19 x 10-4 1.09 x 104 7.56 x 10-5 
DI DKNY Di 3.42 x 10-7 3.63 x 10-6 3.66 x 10-6 7.51 x 10-6 
DJM 1DI melt 1.15 x 9.73 x 10-6 8.66 x 10-6 1.03 x 10-5 
FO 12243 FO 1.44 x 10-4 1.62 x 10-4 3.00 x 10-4 4.00 x 104 
DM 842 melt 5.84 x 2.97 x 10-4 5.36 x 6.71 x 10-4 

TABLE 2. Parti tion coefficients for minerallmelt pairs. 

Phase Pair Ne Ar Kr Xe 

AN HO 228 A d  0.22 0.740 1.08 1.90 
AN 117779 An/l 0.028 0.135 0.17 0.27 
AN WU 617 

(avg . of A & B) An/l 0.0028 0.041 0.046 0.046 
DI DKNY Di/l 0.0030 0.37 0.42 0.73 
FO 12243 Fo~l  0.25 0.55 0.56 0.60 
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