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ON THE ISOTOPIC SIGNATURE OF RECENT SOLAR-WIND NITROGEN 
Y.Kim, J.S.Kim, K.Marti & J.F.Kerridge, Dept. Chemistry, UCSD, La Jolla, CA. 

Recently exposed lunar surface samples m s t  contain N atom irqlanted by 
the recent solar wind, but because of the isotopic cqlexity of lunar rego- 
lith N, both between different samples and within individual samples, it has 
proven difficult to identify the signature of such recent N. We therefore 
have little knowledge of the isotopic composition of recently iqlanted 
solar-wind N. Furthermore, no such inf orrrati on is currently avai lable from 
di rect spacecraft measurements of the present solar wind. A knowledge of the 
isotopic mike-up of N in the present solar wind appears to be essential for 
an understanding of the nature of the long-term isotopic variation [I]. We 
are addressing this problem by studying N in well-documented samples which - 
have been recently exposed to solar wind on the lunar surface. 

Estirrates of the isotopic composition of recently implanted solar N 
(often identified with solar wind) have ranged from +105~/oo (from stepwise 
etching [21), through +120~/oo (from stepwise pyrolysis [31) to >+200~/oo 
(from stepwise corrbustion of a metal separate [41). (It is not clear whether 
in the last of these, the isotopic signature could have been affected by 
presence of extralunar, i.e., meteoritic, metal which reveals a variability 

15 in s N of at least a factor of two [e.g. 51. ) 
North Ray Crater at Apollo 16 was formed 49Myr ago [61, a recent event 

on the lunar or solar timescale. Rim soi 1s from North Kay contain abundant 
fresh ejecta from the 49Myr event, though significantly contaminated with 
soil mixed in by lateral transport from the surrounding Cayley terrain [71. 
Such "country fines" 181 would be predominantly mture regolith with consid- 
erably greater average antiquity than 50Myr. In fact, bulk analyses of North 

15 Ray rim soils reveal a significant range in both N contents and % N values, 
from 19 to 47ppm and from +44 to +96°/oo, respectively. This variability 
could well be due to variable proportions of miture regolith and North Ray 
ejecta. Concentrating true North Ray ejecta is most readily achieved by empl- 
oying coarse pristine plagioclase grains. R.L.Korotev [Pers. C m . 1  has sugg- 
ested that such material is unlikely to have been transported in significant 
quantities to North Ray from distant locations. As a first step towards our 
stated goal, we have analysed aliquots of three grain-size fractions (90-125, 
125-175 and 175-250~) of plagioclase hand picked from soi 1 67601, analysed 
previously at Zurich for He, Ne and Ar C91. 

Analysis of N released by stepwise heating of grain-size fractions was 
designed to aid discrimination between trapped and cosmogenic components. 
Nitrogen analysis involved some modification of our earlier procedure [lo]. 
A1 1 samples were corrbusted at 400'~ to remove possible terrestrial contamin- 
ation. For the medium and coarse fractions, this was followed by pyrolysis in 
5 or 6 steps to 1 0 4 0 ~ ~ .  Then, a corrbustion step was added at 700°c, followed 
by further pyrolysis steps to 1065'~. (Unfortunately, after the first 1 0 4 0 ~ ~  
pyrolysis, the medium grain-size fraction in its gold f oi 1 container m d e  
contact with the Au f oi 1 of a previously analysed sample and became vacuum- 
welded to it. Although we disqualify the subsequent results from our interpr- 
etation, our data suggest that any perturbation of 67601 results was smll.) 

15 The significant N release in the 700'~ conbustion step and the negative 8 N 
signature which followed, prompted us to change the schedule for the fine 
fraction. In this case, the corrbustion was carried out before heating the 
sanqle to temeratures above 7 0 0 ~ ~ .  

Results are shown in Fig. 1 (excluding those for the 400'~ corrbustion). 
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Percent N Release 
Fig.1. 815~ as function of N release for grain-size 
fractions of 67601. P denotes pyrolysis, C corrbustion. 

Several features are noteworthy. First, our results for the fine fraction 
yielded less N (5.0ppm) than anticipated based on concentrations observed in 
the other fractions (5. Oppm Lcoarsel ; 10.8ppm ~mediuml ) ,  though isotopic 
values are rather similar. A shorter solar-wind exposure for the fine frac- 
tion appears inconsistent with the noble-gas data C91. All size fractions 
exhibit the two-step release pattern characteristic of trapped regolith N 

15 (relatively low s N values at the lowest temperatures are probably due to 
traces of terrestrial N). The low-temperature m x i m ,  in the 700-850'~ range, 
plausibly interpretable as recently iqlanted solar wind, are +48 (coarse) 
+53 (medium) andW+70 (fine), significantly lower than found for bulk 67601, 
+120~/oo 13J. The intermdiate-temperature minim, possibly resulting from 
higher-energy implantation [Ill, are N+l, +18 and + Z ~ ~ / O O ,  compared with 
+36'/00 for the bulk C31. 

lnterestingly and importantly, all grain sizes reveal evidence for an 
isotopically light (s'~N = -57, -76* and - 5 ~ ~ / o o )  cqonent (*the medlum 
fraction needs to be disqualified, as discussed earlier). This N component, 
apparently m d e  mobile, though not directly released, by the 700'~ corfbustion 
step has not previously been recognised, presmbly because i t  has always 
been msked by other components. Its source and significance are sti 11 far 
from clear, but i t  represents an additional minor N component, apparently 
distinct from indigenous lunar N 1101. 

Concerning our search for recently implanted solar-wind N, the low-te 3- erature release from 67601 plagioclase reveals no evidence for N with 8 N 
>+100~/oo as previously found for bulk mterial. Although there is evidence 
for transported mterial in bulk North Ray soi 1s 171, the cause of this app- 
arent discrepancy is not clear. It  is striking that a sarqle with a presumed 
recent and relatively short lunar-surface exposure nonetheless exhibits m r -  
ked complexity in its N-isotope systemtics. 
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