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AN EVALUATION OF POSSIBLE EXPLANATIONS FOR "EXCESS" NITROGEN IN THE LUNAR 
REGOLITH: Richard H. Becker, Department of Physics, University of Minnesota, Minneapolis, MN 55455. 

It has been known for some time that (a) ~136Ar ratios in lunar regolith samples are a factor of 10 greater 
than "solar" values, and (b) that nitrogen isotopic ratios in the lunar regolith vary by at least 30% [I]. It has also 
long been known that (c) C/N ratios in regolith materials are well correlated, with a lunar C/N ratio about 0.5 times 
solar [2]. Mechanisms for producing the isotopic variation in the sun are lacking [3], and models that predict 
fractionations between solar and solar wind elemental ratios, such as that based on first ionization potentials [4], do 
not provide the observed ~136Ar  and ~136Ar enhancements (10- and 5-fold, respectively). I attempt here to evaluate 
other possible models for producing these nitrogen effects, in the light of 3 other observations on lunar materials. 

The additional observations are that: (d) Ar/Kr/Xe ratios are nearly constant in lunar minerals and bulk soils, 
while depth profiles of Kr/Xe in minerals show little or no fractionation [5]. Thls implies little loss of noble gases 
by mechanisms involving elemental fractionations. (e) N136Ar ratios are independent of nitrogen isotopic ratios in 
lunar regolith samples (Fig. 1). (f) C/N ratios are independent of nitrogen isotopic ratios in lunar regolith samples 
(Fig. 2). 

Potential alternate explanations for the observed NIAr ratio enhancement are the following: (1) Implanted 
NI36Ar ratio is solar, 36Ar is depleted by 90% relative to N by lunar processes. (2) Implanted N136Ar ratio is 
several times solar, some 36Ar loss has occurred relative to N. (3) Implanted ~136Ar  ratio is solar, remaining 90% 
of measured N is non-solar component or components. (4) Implanted ~ 1 3 6 A r  is several times solar, with the 
remaining N being one or more non-solar components. (5) Implanted N136Ar ratio is below solar, with the 
remaining N being non-solar. Options (1) or (3) can be extended to include (5), so this option is not considered 
further. (6) Combinations of either (1) plus (3) or (2) plus (4) are possible, but they depend on the viability of the 
individual scenarios and are not explicitly considered. 

Options (1) and (2) appear untenable because of the observation that Ar/Kr/Xe ratios seem to represent 
unfractionated solar flux ratios [5]. That these ratios do not vary with depth in mineral grains and in etching of a 
bulk soil implies that the primary loss mechanisms for these gases are mechanical (sputtering being included in this 
term) rather than diffusive. It is difficult to envision a mechanism which does not fractionate Ar/Kr/Xe but which 
significantly separates them from N. Formation of iron particles which chemically bind N but do not hold the noble 
gases is a possibility, but these particles account for only a small fraction of the N (and C) in lunar samples [6]. A 
ten-fold depletion of the noble gases relative to N does not appear possible, by this or related mechanisms. If one 
takes the apparent maximum enhancement provided by the FIP model of about a factor of 4 [4], ignoring for the 
moment that NIAr enhancement is not predicted in this model, this still requires a 60% loss of Ar relative to N by 
lunar processes, which is in conflict with (c) above. For lunar loss processes for Ar of <60% relative to N, option 
(2) reduces to the case where one lacks explanations for both a large NIAr enhancement in solar wind and for the 
variation in isotopic composition of the solar wind N. 

In options (3) and (4), the 30% change in 615N can be assigned to either the solar wind or the non-solar 
component. Assignment of the entire change in 615N to the solar wind component requires even larger variations in 
solar nitrogen isotopic composition than if all the nitrogen were solar to begin with, because of dilution due to the 
presence of the non-solar N component. These variants of options (3) and (4) are thus less likely than the 
assumption that the entire lunar N component is solar wind. (If a mechanism is found for producing large solar 615N 
effects but not N/36Ar enhancements, they would become viable again.) We therefore have left to consider a single 
non-solar component which varies by at least 30% in 615N superimposed on a relatively minor solar wind 
component, two (or more) non-solar components of different isotopic composition which mix in varying 
proportions, with the solar wind component again being a minor contributor to the mix, or a variable mixture of 
solar wind and non-solar components of differing isotopic compositions. It is in these latter 2 cases that Figs. 1 and 
2 become relevant. 

That N136Ar is constant with respect to 615N means that one cannot simply invoke a low 615N 
component, such as entrained, gravitationally fractionated, terrestrial N [7] or a meteoritic component with low 6 1 5 ~  
[8], that varies its contribution to the lunar regolith with time. One requires (i) that the high 6 1 5 ~  component 
increase its contribution to the mixture to just offset that of the decreasing light component, to maintain a constant 
N P ~ A ~ ,  or (ii) that an off-setting change in the solar wind ~136Ar  ratio (i.e., a hybrid version of options (3) and (4)) 
occurs, again to maintain the constant N P ~ A ~ ,  or (iii) that the non-solar component(s) have similar Nf36Ar ratios to 
the solar wind. At the same time, Fig. 2 limits the choice of possible components in that any significant non-solar 
contributor to the mix must have a C/N ratio close to 1. If entrained terrestrial N is a component of lunar nitrogen, 
atmospheric C must be entrained to a similar degree, or the solar wind Cl36Ar must be independently enhanced by 
the FIP or some other mechanism. In samples where entrained N is replaced by another N component, C must be 
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brought in with N in roughly equal amounts. Meteoritic components, other than postulating a (CN)-type polymer, 
would not seem to be viable. 

An example of a scenario which could be compatible with the observations is one in which the lowest 
615N samples contain a non-solar isotopically light component (entrained atmosphere?) providing 90% of the N, 
with C enhanced relative to argon either in the solar wind by something like the FIP mechanism or on the moon by 
some unspecified non-solar carbon component. At the same time the high 615N samples would have to contain a 
reduced or missing light N component, replaced by a combination of enhanced solar N (due to a shift in the FIP 
value at which enhancement occurs'?) plus an unspecified non-solar N component component with 615N 2 O%O, 
whlle maintaining an unchanged carbon contribution. The obvious question of whether something of this sort is 
simpler to accept than the possibility that still undiscovered mechanisms exist to enhance the N/36Ar of solar wind 
and change the solar 615N ratio is left to the reader to decide. 
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Fig. 1. N/36Ar ratios in lunar soils and breccias vs. bulk 615N for those samples. Data taken from 
literature. Too many references to cite here. 

Fig. 2. C/N ratios vs. bulk 6 1 5 ~  values for lunar soils and breccias. Samples with high C/N tend to be 
very low in carbon isotopic ratio, and are probably contaminated with terrestrial C. 
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