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With the clear demonstration of a secular variation in the lunar trapped ' 5 ~ / 1  4~ ratio (I), considerable attention has been devoted to searching the 
regolith record for similar trends among the other trapped species, principal- 
ly the noble gases (e.g., (2)). Since the trapped gases derive, in large 
measure, from solar wind irradiation of the moon's surface, a prime objective 
of such efforts is to uncover data relevant to understanding the long-term 
behavior of the solar wind, and presumably, of the sun itself. Naturally, it 
is important to be able to distinguish those observed variations which are due 
to changing effects in the lunar environment from those owing to genuine solar 
variability. In this respect, the noble gases, which are rather poorly re- 
tained in soil minerals and which are probably influenced by outgassing of the 
lunar interior, present a particularly complex record. As a corollary re- 
quirement, one must also be able to relate observed variations to the proper 
solar parameter(s) responsible for each effect. On the basis of an unsophis- 
ticated analytical model, we have already pointed out (3) some of the hazards 
of assuming that observed lunar effects simply reflect comparable solar mani- 
festations. In the case of the unmistakable N isotope variation (some 30% or 
more; ( I ) ) ,  the question is whether the effect arises from a similar composi- 
tional modification of the solar convective zone, as preferred by Kerridge et 
al. ( 4 ) ,  or whether'some other agency might be involved. In the former case, - 
rather stringent requirements are imposed upon the sun's behavior, but it 
remains unclear how these could be plausibly satisfied. 

Essentially, our approach has been 1. to adopt the premise of partial 
reimplantation of lunar atmospheric speczs by the action of ionization 
followed by solar wind acceleration, a process apparently required to account 
for the large quantities of trapped 4 0 ~ r  in the lunar regolith (5 ,6) ;  2. to 
assume that a non-trivial fraction (here referred to as y ) of the solar wind 
flow intercepted by the moon is ultimately cycled through the lunar atmos- 
phere, as indicated by surface mass spectrometry (7); and 3. to construct a 
two-phase model of the lunar atmosphere and consider its response to changes 
in the solar wind flow parameters (i.e., number density, velocity, and mag- 
netic field strength). The present model has been improved over our previous 
analytic efforts by the introduction of numerical integration over ion tra- 
jectories. 

To summarize our basic results, we find that: 1. The fluxes of atmos- 
pherically derived species are comparable with dire= solar wind fluxes (at 
the subsolar point), for realistic atmospheric supply rates. 2. The distri- 
butions of impact energies for the atmospheric fractions are very unlike that 
of direct solar wind ions and the mean energies are much less than the solar 
wind kinetic energy, except for the case of helium. 3. The isotopic composi- 
tions of the atmospherically derived ions are always fractionated in favor of 
heavier masses, relative to solar wind composition. 4. The isotopic composi- 
tion of the total ion flux arriving at the lunar surface (atmospheric plus 
direct solar wind) is sensitive to the solar wind flow conditions through the 
effect of charge transfer ionization; maximal effective fractionation of a 
species occurs when its ionization timescale and thermal escape timescale are 
comparable. The latter observation shows that compositional variations in 
trapped regolith gases need not be related to changes in the composition of 
the sun, a point we have previously stressed (3). For example, in Table 1 .  

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LONG-TERM SOLAR WIND ACTIVITY 

Ray, J. and Heymann, D. 

are shown results for the total flux composition of nitrogen ions arriving at 
the subsolar point for various values of the solar wind number density (rela- 
tive to the contemporary value), holding the velocity and magnetic field 
strength fixed at their modern values. The parameter y is the fraction of 
the intercepted solar wind flow cycled through the lunar atmosphere. A com- 
plete description of the model procedures and results will be given elsewhere. 

We have considered the extensive data base of lunar trapped gas analyses 
within the context of the present model and find that detailed consistency 
with observation can be achieved if: 1. The solar wind velocity has not 
endured long-term variations greater than about 35% from the present value. 
2. The solar wind number density was greater in the past (some 2 to 3 x 10' y - 
ago) by at least a factor of 100. 3. After implantation in mineral surfaces, 
the low-energy atmospheric atoms areefficiently mixed by knock-on collisions 
with solar wind ions, for non-diffusive species like nitrogen. 4. The 
1 5 ~ / 1 4 ~  ratio of the solar wind is about 22% lower than that of the terres- 
trial atmosphere and may have remained constant with time. These require- 
ments do not appear to be unreasonable. 

Table 1 . 5 ~ /  4~ ratio for all ions arriving at the subsolar point, 
normalized to solar wind composition 
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