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In a companion abstract [I], we have discussed the use of a combination of stepped pyrolysis 
and stepped combustion to recognise that the most 1 4 ~ - r i c h  nitrogen (therein called NHT) 
representing about 5% of the total N in a very fine fraction of Apollo 12023 lunar soil is carried by 
a component which is oxidisable. By far the major portion of the nitrogen in the sample is released 
by pyrolysis at substantially lower temperatures than the oxidisable material. The release profile of 
the lower temperature gas and the trend in isotopic composition during extraction suggest that the 
most nitrogen is a mixture of two components. One of these, called NLT because it is liberated at 
the lowest temperature, is enriched in l 5 ~ ;  the other N m  (medium temperature) is a 1 4 ~  carrier 
but not quite as depleted in the heavy isotope as NHT. Herein we discuss the 15N-rich gas NLT, 
considered by some investigators to be the most recently implanted modem solar wind, but for 
reasons given below possibly an ammonia related species. 

Details of the experiments performed on 12023, < lOpm grains have been given earlier [l]; the 
results in respect of NLT and N m  are as follows: Using either stepped combustion or pyrolysis, 
NLT, the nitrogen enriched in 1 5 ~ ,  is already being evolved by heating at temperatures as low as 
3500C. It is difficult to be precise about how much comes off at 3500C because an essential part of 
the pyrolysis experiment involved repeated low temperature combustions to ensure the removal of 
terrestrial contamination. Once the experiment proper begins the isotopic composition of low 
temperature gas quickly rises to a maximum. We are reluctant to give absolute values for the 
highest 615N and the temperature at which the maximum release is reached because the amounts of 
gas can be close to the initial blank. From experience, we are aware that the blank decreases as the 
experiment proceeds, our policy is therefore to correct yields using the nominal blank (always less 
than 30 picomoles) and 615N values, only when the gas liberated is more than a factor of 3 above 
perceived blank. We have not yet refined the errors on the results but it is quite clear that NLT has a 
61% > + 141%0 and its release is enhanced by the combustion. Evidence supporting this idea is 
manifold from q direct comparison of the combustion versus the pyrolysis experiments: (i) the 
615N for NLT is higher in the former, (ii) it is reached at a lower temperature, (iii) the nitrogen 
release pattern is broader and less peaked in the combustion and (iv) the latter has an obvious 
shoulder on its low temperature side. Perhaps the best evidence that NLT is a carrier affected by 
oxygen is seen in the figure where 6 1 5 ~  is plotted against temperature over the interval where NLT 
and NMT are obviously mixing. The combustion mixing line is shifted by 50-750C to lower 
temperature. N.B. this is not an artifact caused by the reduced release temperature of 1 4 ~  enriched 
N m  because this material is I 5 %  of the gas involved in the combustion and does not "burn" until 
7250C. The pyrolysis line in the figure is confirmed by the repeat dual pyrolysis/combustion 
experiments [I]. From the mixing lines in figure 1, we ought to be able to deconvolute the two 
component mixtures. However, it is fairly obvious, assuming that the two components have 
approximately guassian release, they are only just resolvable by the techniques we employ. 
Therefore any estimates of the abundance of NLT and N m  will be very dependant on the choice of 
6 1 5 ~  values for the end-members. A number of models are being considered. 

The recognition of NLT as a component, whose release from lunar fines is enhanced by the 
presence of oxygen, is not consistent with NLT being the most recently implanted solar wind. 
Whilst the absolute surfaces of lunar silicate grains are oxygen depleted by preferential 
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sputtering [2 ] ,  because solar wind accumulation is an equilibrium process (implantation balanced 
by erosion) the implanted atoms currently at the very surface are those earliest implanted [3]. We 
must therefore look for an alternative explanation. One which could fit our observations is that 
NLT is ammonia or ammonium ions. ~ h k  former could be produced analogous to methane [4] in 
lunar regolith materials. The possibility that the solar wind N and H may also react together to give 
NH4+, which could substitute for metal cations in the silicate lattice, is appealing. It offers 
possibilities for the enhanced retention of nitrogen. 

Because of our hypothesis that NLT in arnrnonia/arnmonium, we have carried out preliminary 
investigation of CH4 from lunar soil 10086 to compare its release characteristics under similar 
conditions to that used to study NLT. There is good evidence to suggest that methane is liberated 
over the appropriate temperature range 400 -8000C. Moreover we believe that the carbon in 
methane is isotopically heavy; Chang et al. 1974 [5] suggest a 613C of +15%, our preliminary 
results are indicative of values of +60Ym. There are a number of ways such as preferential 
sputtering and preferential diffusion, whereby volatile ammonia could be 1 5 ~  enriched as a 
function of lunar regolith evolution. Such ideas will be explored qualitatively and quantitatively 
elsewhere. We need also to investigate ancient lunar breccias for the presence of an NLT 
component. 

In this paper and its predecessor [I]  we have given chemical evidence on the nature of two of 
the nitrogen carriers NLT and NHT in a lunar soil. The remaining nitrogen carrier N m  appears to 
be chemically inert. By default N m  may be solar wind elemental nitrogen implanted into silicate 
minerals. 
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