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SCR NEON & ARGON IN KAPOETA FELDSPAR: EVIDENCE FOR AN 
ACTlVE ANCIENT SUN. M. N. Rao, D. H. ~arrisonl,  and D. D. Bogard (NASA 
Johnson Space Center, Houston, TX 77058; lalso Lockheed-ESC). 

Abstract: From etched feldspar size-fractions of Kapoeta, we determine a significant excess of cosmogenic 
2 1 ~ e  and %Ar over that produced by galactic cosmic rays. This excess component is attributed to early 
production by energetic solar protons and suggests that the energetic proton flux from the ancient Sun was 
several hundred times more intense than that of the contemporary Sun. 

Introduction: In stepwise temperature extractions of samples from oriented lunar rocks 61016 and 68815, 
we previously demonstrated a depth-dependent component of SCR Ne and Ar, which, in feldspar, is clearly 
distinct in Ne isotopic composition from GCR Ne [1,2; Fig. 11. (We use the terms SCR and GCR to denote 
nuclear components produced in situ by energetic solar protons and galactic cosmic rays, respectively, and SW 
and SF (sometimes referred to as SEP) to denote solar wind and energetic solar components, respectively, 
implanted into grain surfaces.) In an earlier study, we reported evidence for excess 2 1 ~ e  and %A, in pyroxene 
and feldspar minerals of the dark (solar gas-rich) phase of Kapoeta howardite compared to the light (gas-poor) 
phase [3]. This excess SCR component was attributed to early, in situ production by energetic solar protons. 

Our Kapoeta study was repeated with a different sample having clearly defined dark and light phases. 
(Data from both sample sets are reported, Table 1.) We prepared 100-150 mg feldspar size separates of 35-125 
p m  and 125-200 p m (dark phase) and 35-200 p m (light phase). These were chemically etched to remove the 
surficially-sited SW. Noble gases were extracted by step-wise heating and analyzed by standard mass- 
spectrometric techniques [I]. 

Isotopic Evidence for an SCR Component: Ne data from Kapoeta feldspar separates are plotted in a 3- 
isotope diagram in Fig. 1. In the 500-600°C extractions 68-8170 of the total 2 1 ~ e  was released; 16-28% was 
released in the 1000-12000C extractions; and only 3-4% percent was released at 1 W C .  A solar-implanted 
(SF) 2 0 ~ e / 2 2 ~ e  = 11.5k0.2 was defined by an ordinate-intercept plot of the four analyzed samples; a similar 
ratio of 11.6 k0.2 was defined by ordinate-intercept plots of Kapoeta pyroxene separates [3]. A pure GCR 
composition has been defined by several previous studies, including [I]. The filled diamond symbol (Fig. 1 
inset) denotes the mixed SCR + GCR composition defined for near-surface ( < 2  mm) samples of 61016 lunar 
anorthosite [I]. A similar SCR+ GCR composition was given by 68815 [2]. Surface samples of 61016 plotted 
between this composition and the implanted component, whereas deeper samples (2-25 mm) plotted between 
this SCR + GCR component and a pure GCR component at the greatest depth [1,2,3]. 

The Ne isotopic data from Kapoeta feldspar behave similarly to that from 61016 and 68815 [1,2] and 
indicates a contribution from SCR as well as SF and GCR. The 61016 data [I] demonstrated that differences in 
shielding cause variations in the net SCR+ GCR isotopic composition. Since the four analyzed Kapoeta 
samples represent an assemblage of solar proton irradiated grains from different shielding depths, the 
distribution of isotopic data shown in Fig. 1 likely indicate SCR/GCR mixing ratios ranging from that seen in 
61016 to pure GCR. Compared to near-surface samples of the two lunar rocks, these Kapoeta samples also 
show a larger proportion of implanted solar gas. The concentration of this implanted component varies among 
samples due to different degrees of etching. In addition, only -15% of the grains in Kapoeta were irradiated by 
energetic solar particles [4,5l, whereas 100% of the grains experienced GCR irradiation. While isotopic 
deviations from the SF-GCR tie-line are clearly observed in the temperature data, the factors mentioned above 
make the SCR Ne component difficult to isotopically characterize. 

Concentrations of SCR Component: Using the lever rule, the relative concentrations of SF and cosmogenic 
(SCR + GCR) components are calculated from the total Ne and Ar concentrations for each sample (Table 1.). 
Cosmogenic 2 1 ~ e  concentrations range from 60 to 94% of the total and vary only a few percent for different 
assumed cosmogenic 2 1 ~ e / 2 2 ~ e  ratios between 0.7 and 0.8 (Fig. 1). Cosmogenic %A, concentrations range 
from 28 to 72% of the total measured. The SCR concentration in these feldspar separates are calculated as 
follows: We assume both dark and light phases of Kapoeta contain comparable amounts of GCR Ne and Ar, 
while only the dark phase contains an excess component. Subtracting the cosmogenic 2 1 ~ e  and 38Ar 
concentrations in the light phase from those in the dark phase yields the excess (Table 1) which we attribute to 
SCR production. 

Since the dark phase contains only -15% SF-irradiated grains [4,5], the derived SCR 2 1 ~ e  and SCR %Ar 
concentrations need to be correspondingly corrected to determine an SCR exposure age. The average SCR 
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2 1 ~ e  concentration, corrected to 100% irradiated grains, is 5.3 cm3s~p/g.  This value is similar to the 
SCR 21Ne content of 5.6 X ~ O - ~  cm3STP/g reported for 10 SF-irradiated feldspar grains from Kapoeta [6; Fig. 1 
inset]. The SCR % ~ r  concentration in our dark-phase, feldspar samples, corrected to 100% irradiated grains, is 
5.4 x10-8 cm3s~p/g.  An excess concentration of 2.2 x10-8 cm3sW/g was reported by [6]. Using SCR 
production rates determined for feldspar [I], and correcting for SCR irradiation at 3 AU rather than 1 AU, we 
calculate apparent SCR 21Ne and %Ar exposure ages of -1500 Myr and -500 Myr, respectively, for the 
irradiated Kapoeta grains. Other evidence [8] indicates maximum residence times of the silicate grains on 
surfaces of meteorite parent bodies of -1 My, which conflicts with the very long apparent surface exposure ages 
derived here. The GCR exposure ages calculated from the light phase of Kapoeta are 2.8 Myr for 21Ne and 2.5 
Myr for 3 8 ~ r  using production rates reported by [9]. These values are close to the 3 Myr GCR exposure ages 
for 5 3 ~ n  determined from both light and dark phases of Kapoeta by [lo]. 

Early Solar Irradiation: Only two obvious explanations exist for the very large calculated SCR exposure 
ages for Kapoeta. Either the dark phase contains an extra GCR component not present in the light phase [q, 
or Kapoeta experienced an early solar particle irradiation with a much higher flux than the average solar fhm 
over the past -4 Gyr [6]. We believe that the first explanation is unlikely because figure 1 indicates that the 
excess Ne in Kapoeta dark feldspar has an isotopic composition unlike that produced by GCR, but consistent 
with Ne produced by energetic solar protons as demonstrated on the lunar surface [I]. Furthermore, the 
expected SCR 2 1 ~ e  concentration produced from '1 Myr of exposure to a contemporary flux of solar protons at 
3 AU should be < 1% of the GCR 2 1 ~ e  measured in Kapoeta and should not be detectable. Yet, SCR and 
GCR concentrations determined in this study are comparable. On the other hand, if some grains in Kapoeta 
dark-phase were irradiated during an early, energetic phase of the Sun [6] at -500-1000 times the contemporary 
flux of solar energetic particles, then a surface residence time on the Kapoeta parent body of only -1 Myr would 
be sufficient to produce the observed excesses. We favor this latter explanation, which requires that the ancient 
Sun was highly active, emitting a proton flux of several hundred times the present SCR flux. 

References: [I] Rao et al. (in press) J. Geophys. Res.; [2] Garrison et al. (1993) LPSC 24 (abs); [3] Rao et 
al. (1990) LPSC 21 (abs), 993; also, Rao et al. (1991) J. Geophys. Res. 96,19321; [4] Brownlee & Rajan (1973) 
Science 182,1241; [q Price et al. (1975) Proc. LPSC 6th, 3449; [6] Caffee et al.(1987) Ap. J. Lett 313, L31; [T7] 
Weiler et al. (1989) G.CA 53,1441; [8] Housen et al. (1979) Icarus 39,317; [9] Hohenberg et al. (1979) Proc. 
LPSC 9th, 2311; [lo] Goswami and Nishiizumi (1982) LPZ Tech. Rep. 82-02,44. 

Fig 1. Three-isotope Ne correlation plot for temperature extractions (open symbols) and summed data (closed 
symbols) of etched grain-size separates of Kapoeta feldspar. Numbers indicate extraction temperatures in 
1WC.  Uncertainties are within the symbols, except where shown. Theoretical SCR field determined for lunar 
feldspar [I]. Filled diamond = 61016 [I]; Open diamond = Kapoeta irradiated grains reported by [6]. 
Table 1. Cosmogenic concentrations, x10-8 
cm3SW/g, in etched feldspar size fractions 
from dark and light phases of Kapoeta. 
Previous (I) and present (11) analysis of 
each size fraction are shown. Estimated 
uncertainties are -+ 10%. aTotal 
cosmogenic; bDark phase excess. 
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