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Case 1 : Neon Isotopic Ratios in a "freak" Luna 20 Particle 
In the neon three isotope diagram, the measured neon composition of 

particle #ll[Ne20/Ne22 = 9.79*0.1;Ne21/Ne22 =0.492+0.004] from Luna 20(1) place 
this particle well abovecor to the right of) the mixing lines connecting the 
neon composition produced by galactic cosmic ray(GCR) protons[Ne20/Ne21/Ne22 = 
1/1/11 and the compositions of solar wind neon[Ne20/Ne22 = 13.7;Ne21/Ne22 = 
0.0331 or of trapped neon[Ne20/Ne22 = 12.5;Ne21/Ne22 = 0.0341. Prior to consid 
-erations of the solar cosmic ray(SCR) proton-produced neon component, a parti 
-cle with such a neon composition was generally considered a "freakrf because 
its neon composition could not be explained as a simple mixture of two or more 
of the known neon components(i.e. GCR,SW,trapped,A) or as a result of diffusion 
effects. Although the chemical composition of this particle(a dark grey basalt) 
was not measured, its neon composition may be explained by SCR-proton produc- 
tion in a Mg-rich,Al-poor particle. Using the data(integration to 45 MeV) for 
production of neon in Mg and Si(2), neon production rates have been computed 
for three Mg-rich minerals(diopside,enstatite-40,and fayalite-20) and these 
rates have been integrated over depth down to 0.1g/cm2 to yield the total pro- 
duction in a 0.33 mm particle of density 3.0 g/cm3. Luna 20 particle #11 was 
0.2 to 0.45 mm in diameter. The bulk neon compositions[Ne20/Ne22~4;PJw2r/Ne22 
41.41 are quite similar for all 3 minerals and are also similar when two SCR 
spectra(spectra A and B of (2)) of widely different spectral shapes were used. 
The neon composition of particle #I1 falls near a mixing line defined by the 
above compositions and trapped neon. Thus, unique Luna 20 particle #11 may be 
explained as a Mg-rich,Al-poor particle which has spent most of its irradiation 
lifetime on the very top surface of the lunar regolith and the majority of its 
"irradiation-produced" Ne21 is SCR-proton produced,not GCR-produced. 

Case 2 : Ar39 in Lunar Surface Samples and in the Apollo 16 Drill Stem 
The Ar39 activities in near-surface samples are generally on the 

order of 10 dis/min.-kg(3,4). Steinbrunn and Fireman(4) have made Ar39 produc- 
tion rate calculations based on their measured Ar39 cross sections in Ti. They 
concluded that the observed Ar39 activities require SCR protons during the 
past 1000 yrs with less steeply sloping energy distributions than those assumed 
in their calculations, or that the Ar39 production rate from Ca had been under 
-estimated. Ar39 production rates in Ca and Ti have been computed for two dif- 
ferent SCR-proton spectra(2). The results(for integration to 200 MeV) show 
that P(Ca)/P(Ti) for Ar39 is -2 between 0 and 1 g/cm2,anddl between 1 and 10 
g/cm2. Thus, for many near-surface lunar samples ,Ar39 production from Ca is 
dominant and Ti can be ignored as a target element for Ti/Ca abundance ratios 
of 0.2 or less. Under this assumption, an estimatq can be made of the SCR pro- 
ton flux needed to produce 10 dis/min.-kg in lmm of lunar soil with an average 
Ca content(i.e.rrr8 mass%). Assuming a density ofd2 g/cm3,a 10 dpm/kg Ar39 
activity equates to a total production rate of 4x10-11 cm3/cm2-my. By inte- 
grating the Ar39 production rates(cm3 STP/g;my) of (2) over depth to 0.2 g/cm? 
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the required Ar39 production rate can be obtained in a lmm surface soil of 8 
mass % Ca with SCR-proton spectrum B of (2)Cintegration to 200 MeV$. This re- 
sult can be compared to that deduced from the Apollo 16 drill stem,in which 
Fireman et a1.(3) report that 7.5 dpm/kg of Ar39 have been produced by SCR pro- 
tons on Ca between 0 and 2.0 g/cm2. Using a Ca content of dl1 mass % for the 
Apollo 16 drill stem, a similar calculation yields that spectrum B would pro- 
duce 2.53~10-10 cm3 ~ ~ ~ / c m 2 - m y  in a 1 cm2 column of soil 2 g/cm2 thick. The 
activity of 7.5 dpm/kg is equivalent to a-1000-year average production rate of 
2.9~10-10 cm3 S T P / C ~ ~ - ~ Y  in the same column of soil. Thus, the two results 
imply an average proton flux (E)10 MeV) during the last A1000 years equal to or 
greater than that in spectrum B(2) which represents the average of the proton 
fluxes of the 3 high years,1956,1959,and 1960, in solar cycle 19. Spectrum B(2) 
contains - 2x1010 (E>10 MeV), 6x109 (~?30 MeV), and& 2x109 (E>60 MeV) protons/cm2- 
year(4TT geometry); thus, it is very similar in spectral shape and intensity to 
that of the hugh August 4,1972 solar flare,in which total integrated SCR proton 
fluxes (E 7 10,30, and 60 MeV) were reported as 2x1010, 8xl09,and 2.4~109 protons 
per cm2 respectively(5). To conclude, the Ar39 measurements in lunar surface 
samples and in the top of the Apollo 16 drill stem imply that on the average 
one solar flare per year of the August 4,1972 intensity occurred during the 
last 1000 years, or that several flares of lesser intensity occurred,whose 
fluxes added up to the same total number of protons as observed in the August 
4,1972 flare. This is a striking result because spectrum B has proton fluxes 
roughly 5 times greater than those deduced by workers who determine relatively 
short-lived radioactivities(6). 

Case 3 : SCR-proton Production of Neon in Al-rich,Mg-poor materials 
In the following figure,neon isotopic measurements on Apollo 15(7), 

16(8,9,10),and Luna 20(1) single particles are plotted in a neon 3-isotope plot. 
The mixing lines,I and 11, between Neon B(11) and GCR neon define the upper and 
lower limits in mixing Neon B (12.52*. 18; 0.0335*.0015) with GCR Neon(1.0,. 87-1.3. 
All but one of the Apollo 15 coarse fines fall in the region between the lines 
and about 90% of the Apollo 11 and 12 rocks measured by Bogard et a1.(12) lie 
there too. In contrast, the results on highland materials,Apollo 16 and Luna 
20, lie systematically below line I. This trend may be explained by the fact 
that SCR-proton production in relatively Al-rich,Mg-poor materials such as Apol 
-lo 16 and Luna 20 yield Ne21/Ne22 ratios significantly less than 1.0. This is 
illustrated by the location of SCR-proton production of Ne in anorthite( curves 
An and An1). These curves,calculated via the production rate data of (2),re- 
present the neon ratios produced in anorthite of different thickness(0.1 to 25. 
g/cm2). Curve An is for integration to 45 MeV and An' for integration to 200 
MeV(2). Thus, the most favorable lunar samples for finding evidence of SCR-pro- 
ton-produced neon are those from highland sites(Apol10 16 and Luna 20). 
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