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Lunar materials act as a host for at least three isotopically distinct 
components of nitrogen. One of these, which is enriched in 14N, is 
particularly prevalent in breccias (1-3). The fact that light nitrogen is 
found in samples which became a closed system relatively early in lunar 
history has contributed substantially to the hypothesis that the nitrogen in 
the ancient solar wind was enriched in 1 4 ~  in earlier times (4). So far, 
nitrogen isotope studies on lunar breccias have been for the most part 
restricted to samples from the Apollo 11 landing or from station 9 of the 
Apollo 17 site. As part of the lunar breccia initiative, we have undertaken 
to extend the database for nitrogen abundance and isotope measurements to 
include a much wider suite of samples. With the exception of 10059, taken as 
a reference point, all the specimens for which results are given here, are 
being investigated by stepped heating for the first time. 

In each case, a small number of interior chips weighing between 2 and 6 
mg were pyrolysed in 100°C steps from 500 to 12000C after first combusting at 
the lower temperature to remove nitrogen possibly associated with organic 
contaminants. The nitrogen released is purified before quantitative and 
isotope measurement by static mass spectrometry; 6 1 5 ~  values are reported 
relative to air. 
Apollo 11: Each of the three new samples studied 10021, 10046 and 10068 has 
been described as a classic soil microbreccia, medium to dark grey and 
containing abundant agglutinates in the matrix or as clasts. Above 5000C, 
they liberate between 90 and 110 ppm of nitrogen. All the analyses show a 
remarkably similar- nitrogen release and isotopic profile with bulk b15N from 
-127 to -144%, and b15Nmin between and-159 ar1d-177%~. The measured isotope 
values are almost identical to the suite of samples first studied by Thiemens 
and Clayton (11, however, the release profiles are noticeably different in 
that, in all cases, there is a pronounced second maximum in the nitrogen yield 
during the 1000 to llOO°C step. In 10059, this second maximum was in the 
1100-1200°C temperature step, consistent with previous analyses of the same 
sample. The major portion of the nitrogen in all four breccias released in 
the 700-900°C range is isotopically light. The higher temperature, second 
component is likewise enriched in 14~. A pronounced W in the isotopic pattern 
of all specimens, except 10021, suggests that a relatively sharp release of 
the second component is occurring superimposed on top of spallogenic heavy 
nitrogen liberated over the temperature range 900-1200°C. At present, it is 
impossible to decide whether two light nitrogen components exist or, 
alternatively, a single species, located in different sites, is involved. A n  
answer to this question might assist in establishing the origin of light lunar 
nitrogen . 
Apollo 14: Two samples, 14047 and 14313 have been investigated. Both are 
unambiguous regolith breccias classified in the lowest metamorphic grade by 
Warner (5). Although distinct agglutinates have not been observed, there is 
evidence of glassy fragmen~s in both the matrix and clasts. The amounts of 
nitrogen in these samples are much lower than for the Apollo 11 rocks being 
only 63 and 46 ppm respectively. Sample 14313 obviously contains some of the 
light nitrogen component, as its bulk b 1 5 ~  is ca -50%0 with a b15Nmin of -89%3 
in the 9000C extraction. Breccia 14047 is different from all the samples 
previously discussed in that it shows evidence for heavy nitrogen (b15N 
=+89%0) of low thermal stability. Normally 615N values less than O%O are 
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observed in the temperature steps from 500 to 700°C consistent with the 
released gas being a mixture of the light component with some residual 
atmospheric contamination. If <he heavy N-containing component continues to 
be liberated at temperatures >700°C, it could be distorting the more typical 
profile for 14047. Interestingly, both 14047 and 14313 have a sharply defined 
second maximum of nitrogen release for the 1000 to llOO°C step. For 14313 
there is evidence that this is isotopically light. 
Apollo 15 and Apollo 17: None of the samples studied, 15505, 70175, 70295 or 
74246, contained agglutinate fragments to suggest that they were produced by 
consolidation of mature regolith. 15505 was reported to have a nitrogen 
abundance in excess of 100 ppm (61, however, our analysis did not confirm this 
measurement. The release profile was totally different from other breccias, 
most of the few ppm of nitrogen found being liberated in the final temperature 
step. All the other samples measured also had low total N contents. Only 
70295 ( ~ i g  3) shows any hint of containing light nitrogen. 
Discussion: The samples studied here are regolith breccias, that is, they 
contain some component which suggests that they were, at some stage of their 
history, an unconsolidated soil. Of the nine new specimens, only those from 
Apollo 11 are characterised by a large excess of very isotopically light 
nitrogen. All the samples in this category have high nitrogen contents and 
thus in their unconsolidated state must have existed as mature soils. At 
least one of the Apollo 14 breccias contains some light nitrogen, however, its 
total N abundance suggests that in its prelithification state, the precursor 
soil had only reached medium maturity; the b15~min of 14313 is substantially 
higher than for the Apollo 11 specimens. Breccias synthesised from immature 
soils (low total nitrogen abundance) are almost totally devoid of isotopically 
light nitrogen. The occurrence of light nitrogen and the minimum b 1 5 ~  value 
in breccias, therefore, seem to be maturity related. There must be an equal 
likelihood that both mature and immature soils could be fossilised by 
brecciation processes, hence, if light nitrogen was a manifestation of the 
ancient solar wind it ought to be possible to find breccias with a low 
nitrogen content which is nevertheless isotopically light. The correlation 
between maturi-cy and isotopic composition qualitatively defined above would 
appear to be circumstantial evidence against the secular variation hypothesis; 
further work is required to confirm or deny its existence. 
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