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A previous experiment involving stepwise oxidation and pyrolysis of ilm- 
enite separated from soil 71501 (1,Z) led us to conclude that two distinct res- 
ervoirs of solar-wind implanted gases existed in the ilmenite: one at grain 
surfaces which was nearly unfractionated with respect to present-day solar 
elemental ratios and was released by the oxidation process, and a second at 
some depth below the solar-wind implantation depth which was significantly 
fractionated both elementally and isotopically and was released at higher temp- 
eratures by diffusion. In order to see whether results obtained from the 71501 
ilmenite were sample specific, or whether they were a more general phenomenon, 
-.le decided to repeat the experiment with a different ilmenite sample. We chose 
ilmenite from soil breccia 79035 because it is generally accepted that 79035 
obtained its solar wind loading much earlier in lunar history than present-day 
surface soils, based on its relatively high 40~r/36~r ratio (3) , high concentra- 
tions of spallation products ( 4 ) ,  and low 5~(5). We hoped to be able to dis- 
tinguish possible effects attributable to the ilmenite from those due to the 
solar wind itself by directly comparing the results from two similar mineral 
samples irradiated by somewhat different solar wind (plus lunar wind) composi - 
tions. In particular, one of the uncertainties in interpreting the data for 
71501 had to do with whether that ilmenite had a significant indigenous nitrogen 
component(1). If results from 79035 showed the presence of an isotopically 
similar nitrogen component in spite of the fact that the implanted nitrogen was 
much lighter(5), this would point to indigenous nitrogen in the ilmenite. 

An 8.8mg ilmenite sample in the size range 25-150~ was separated from grain- 
size separates of 79035 using heavy liquids. The analytical procedure was sim- 
ilar to that used for 71501 ilmenite to facilitate comparisons, though some 
minor changes were made. Temperature intervals were narrowed to improve resol- 
ution of components, and oxygen uptake was monitored to determine the extent of 
combustion. Condensible gas amounts were measured as a check on the amount of 
organic contaminants present in the system or on the sample. Several of the 
early steps had high nitrogen yields, 6 1 5 ~  values in the range 0-15 permil, and 
significant amounts of condensibles, indicative of surface contaminants. The 
low-temperature steps are thus compromised for measurement of nitrogen contents 
and 6 1 5 ~ ,  but certain limits on the amount of low-temperature N can be set. 

With the possible exception of nitrogen, release of all six analyzed gases 
is essentially trimogal. All show a sharp release in the second combustion step, 
covering $he 300-400 C interval. All show another release occurring between 
about 600 C and 700°c, with actual maxima occurring at higher temperatures in 
this interval for the lighter gases. A third release occurs for all gases above 
8 5 0 ~ ~ .  Isotopic results indicate that the first two peaks are from the same res- 
ervoir, while the high-temperature release is from a distinct, isotopically and 
elementally fractionated reservoir. Oxygen uptake indicated essentially complete 
oxidation of the ilmenite by 800 C, with 20-50% oxidation prior to completion 
of the second release episode. Therefore, the presumption in (1) that the sur- 
face reservoir was emptied oxidatively is not completely correct. The present 
data indicate that the initial release of gas (the 400'~ peak) is due to oxi- 
dation, but that oxidative attack alone on the ilmenite structure is not suff- 
icient to release trapped gases completely. Once the first release has occurred, 
the remaining gases, even those near the surface, must diffuse out through the 
surface layer of oxidized ilmenite. 

Integrated noble gas abundances through the first two release peaks, which 
as noted above are isotopically similar, show elemental ratios essentially un- 
fractionated with respect to solar composition(6), as was the case in the low- 
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temperature component of 71501, with one notable exception: Xe is enriched by 
a factor of a 1.8. Isotopically, the gases show enhancement of 4 0 ~ r ,  1 2 9 ~ e  and 
fission Xe isotopes when compared to results for 71501. This is consistent with 
the presumed antiquity of the 79035 surface irradiation. Other differences to 
be noted are somewhat higher 4 ~ e / 3 ~ e  and somewhat lower 20~e/22~e ratios in 
79035, compared to 71501 and to the Apollo SWC-experiments(2,7). 

The gases released at high temperature are distinctly different from the 
low-temperature gases. They show strong elemental fractionation, and isotopic 
fractionation in He, Ne and Ar. The lunar wind component is much less evident. 
The presence of this t'interiort' fractionated component indicates multiple gen- 
erations of implanted gases in 79035, a result similar to that for 71501. The 
Xe in this interior component is also enhanced by a factor of Q, 1.8 relative to 
interior gases in 71501, the same as for the surface component. The interior 
component ranges from 88% of the total gas for Xe to about 40% for He, similar 
to what was seen in 71501. 

Nitrogen, once the surface contaminant is gone, drops to about -160 permil 
in the surface component, and to about -175 permil in the interior component 
before spallation appears. Solar-normalized nitrogen to noble gas elemental 
ratios, as best as can be determined given the uncertainty in low-temperature 
N, are similar in both reservoirs of 79035 to the value of ~ , 1 3  (N/Ar) seen in 
the two reservoirs of 71501. Total gas amounts in 79035 are about twice those 
in the coarser-grained 71501 sample. Given the very different €i15~ in the two 
ilmenite interiors, the differing absolute amounts of gas, and the similar 
nitrogen to noble gas ratios, we conclude that there is essentially no indig- 
enous nitrogen component and that the high N to noble gas ratio in the ilmen- 
ites has some other cause. 

An enhanced Xe/Kr ratio in old lunar surface samples relative to younger 
ones has been previously noted(8); the magnitude of the Xe enrichment in 79035 
is consistent with this trend. High 4 ~ e / 3 ~ e  in older samples has been attributed 
to secular changes in solar wind(9), and a possible lowering of 20~e/22~e in 
old samples has also been suggested(l0). Our results, particularly on the 
apparently unfractionated surface reservoirs, lend support to these observations. 
The results also leave us with an as yet unexplained enhancement of nitrogen 
in the ilmenites. 
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