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Depth profiles of a number of radionuclides produced by interactions of atoms with galactic (GCR) and solar (SCR) 
cosmic rays have been determined in lunar rocks. These rocks are possibly the best samples for SCR effects, as 
they avoid the possibility of core-top loss and gardening in soil cores [I-31. Solar cosmic rays are primarily protons 
and a-particles. They have a range of a few cm in lunar material. The SCR flux can be approximated as a 
distribution in rigidity, R, having the differential form: dJldR = k exp (-R/RJ where J is the flux in p/cm2/s, R 
is the magnetic rigidity of the particles, and % is a shape parameter [4]. Values of R, of 70 to l00MV have been 
fitted to radioisotope profiles determined in studies of lunar rocks [I-3,5,6]. In rock 68815, depth profiles of 53Mn 
and [5], "'Be [3] and "Kr [l] have been measured. These determinations allow us to deduce values of the SCR 
flux and mean rigidity (%) for different time periods integrated by a particular nuclide. We would like to determine 
similar parameters for I4C. Earlier work on a few I4C samples extracted from rocks 12002 [7] and 12053 [8] lead 
to the conclusion that high surface values of I4C might be due to an enhanced SCR flux [6,7] or alternatively to an 
implanted component of energetic ions [7]. Boeckl [6] proposed a solar-proton flux of 200 p/cm2/s (Ro= 100MV) 
to explain his data. 

In our experiments, we have obtained samples of rock 68815, which were taken from a freshly-cut column at the 
NASA Curatorial Facility in 1990. Details of the samples are shown in fig. 1. Much smaller samples (ca. 0. lg) 
were used than previously, taking advantage of the sensitivity of accelerator mass spectrometry (AMS). We have 
previously reported [8] on I4C results from Apollo 15 cores and these measurements gave an SCR flux estimate 
similar to that for other isotopes. Cosmogenic I4C was extracted from the rock samples (0.03-0. lg) by fusion of 
the crushed rock powder with iron chips in a flow of oxygen. Heating was accomplished by RF heating [9]. The 
samples were pre-heated in air to 500OC to remove contaminants such as adsorbed air and organics. All evolved 
gases are passed over MnO, to remove sulfur compounds, and CuO/Pt at 450°C to oxidize all carbon to CO,. The 
CO, is converted to graphite [lo], and the graphite powder is pressed into an accelerator target holder for AMS I4C 
analysis. 

The I4C results as a function of depth are presented in table 1. Our results show a similar depth profile to the early 
work [6,7], which are plotted together in fig 2. Our results agree with the earlier work, although the latter had 
much larger errors in depth and precision. Two very-surface samples labelled "patina" were scraped from a larger 
area of rock than the column. These two samples also gave results consistent with all the other measurements. The 
I4C data from 68815 can also be fitted quite well with the SCR I4C curve derived from the Apollo 15 soil core 
results [8]. We have calculated fluxes and rigidities using the revised cross sections for I4C production from protons 
of Sisterson gt A [ l l ,  121 and the Reedy-Arnold model [4]. The best fits are found for a flux of about 144 p /cd /s  
and Ro of 85MV, or 91p/cm2/s at Ro= 100MV. There are, of course, a series of possible fits for different R,, and 
flux. We have quoted the flux for E > lOMeV, although this energy is below the main reaction thresholds for 14C 
production from oxygen spallation. These results show that the threefold enhancement of SCR proposed by Boeckl 
[6] is not required. Although our 14C results agree with the earlier data [6,7] we disagree as to the explanation. 
The important differences are (a.) the GCR normalization and (b.) the improved cross section measurements 
[11,12]. In addition, our measurements show no need to invoke a component of implanted energetic ions. 
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Table 1: I4C concentrations in rock 68815. 

Sample Description depth, g/cm2 Wt. (g) I4C, d p d k g  

688 15,298 surface patina 
68815,296 " " 

68815,301 0-1- 
68815,316 2.06-3.56- 
68815,319 5.62-6.62- 
68815,307 7-811lm 

0.0219 66.0k1.6 
0.0324 51.5k1.1 
0.0110 64+2 
0.0257 44.451 
0.0649 40.050.5 
0.0338 47.251.2 
0.0154 40.0k3.1 mean: 43.6f2.4 
0.0241 28.4k4.6 
0.0474 30.85 2.5 
0.0683 33.850.5 

Figure 1: Detail of the cutting of the column from lunar rock 68815. 
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Figure 2: Profile of I4C (dpmkg) as a function of depth (g/cm2) in rock 68815. 
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