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The levels of 14C in meteorites have been studied by several groups over the past 25 
years (1-8); however. there is only very sparse data on the production rates of 14C from 
both high-energy protons and neutrons. Tamers and Delibrais (9) studied the cross section 
for 14C production from proton spallation of water; however, this is the only real direct 
measurement. Studies of 14C as a function of meteorite size suggested that the neutron- 
spallation cross section might be substantially higher than the proton measurement, possibly 
up to 15 mb (8.10). Previously, we have reported on "C levels in a thick-target irradiation 
of granodiorite slabs by GeV protons (11); these data also showed a strong depth dependence 
and suggested that the neutron cross section for 14C production from oxygen as estimated by 
Reedy and Arnold (10) needed experimental verification. 

In this paper, we report on the amounts of 14C determined in Si and quartz that have 
been irradiated by high-energy neutrons at the Los Alamos Meson Physics Facility (LAMPF). 
The neutron flux was softer than would be expected for chondrites. The levels of 1°Be and 
26kl in the samples were reported last year by Klein et al. (12) at the XIX Lunar and 
Planetary Science Conference. For 14C. two different extractions were performed on samples 
of a few mg of Si and SiO,. and also on samples which had been physically diluted with 
quartz powder and mixed for about 4 days. For 14C extraction, each sample was placed in 
an alumina crucible, along with about 3 g iron combustion accelerator. Samples were pre- 
combusted to remove any organic contamination at 400 C in air. The samples were then 
heated to melting in an RF furnace in a flow of oxygen. as described by Jull et al. (13). 
The gas produced is passed over MnO, and CuO/Pt to convert any CO to CO,. The CO, 
produced is measured volumetrically, and reduced to graphite via CO over an iron catalyst 
at 625 C. The graphite powder produced is pressed into a target and analyzed along with 
two standards by accelerator mass spectrometry (AMS) as  described by Linick et al. (14). 
Results are shown in Table 1. The 14C activity of the gas collected is very high compared 
to natural samples measured (13.14). The 14C/10Be ratio is about 3.3 from oxygen and 2.54 
from silicon for the samples which were not physically diluted. Similar results were 
obtained for the physically diluted samples. Results from both diluted and undiluted 
samples agree to 1 . h  for Si; for SiO, the difference is about 40 or 4%. This suggests there 
may be some small weighing error for the latter sample. or it is not as completely mixed. 
From the results, it is also possible to show that the cross-section ratio for 14C from Si is 
about 3% of the 0 cross section. This allows us to adjust the Reedy-Arnold excitation 
function and raise the '60(n,n2p) 14C cross section by 10%. Calculations using the revised 
Reedy-Arnold excitation functions (10) for 14C and ''Be (12) reactions fit the measured 
"C/lOBe ratios to within 10%. Most production of 14C clearly takes places from oxygen in 
extraterrestrial samples, and probably about 75-90% of "C in meteorites comes from 
spallation of oxygen and -3% from silicon. Further experiments are obviously desirable, to 
evaluate the production rate from kl and Mg, which also may account for 3% or more of 
the W in some meteorites. The results presented are the first measurements of "C 
production rates from neutron spallation, and indicate that additional measurements of cross 
sections in this energy region of about 100 MeV. which is particular importance to lunar 
core samples is needed. The data also indicate that the Reedy-Arnold excitation functions 
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for 14C from oxygen may require corrections of about 10% to fit experimental measurements. 
This research is supported by NASA and NSF. The work at Los A l m a  was done under 
the auspices of the US DOE. 
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Table 1: "C contents determined in sample. of Si and SiO, irradiated with high- 
energy neutrons at LAMFT. 

Sample 14C atoms/g dpm/kg 14C/'OBe a 

SiO, blank, O.%g 2.8 x 10s 0.65 * 0.02 

Si. 9.41 mg diluted 1.89 x 10" 43.400 * 900 2.46 
with Si02, 1 : 1258 

SiO. 6.39 mg diluted 2.% x 1012 682.000 * 6700 3.18 
with SiO,. 1 : 1560 

Si. 2.52 mg 1.95 x 10" 44872 * 920 2.54 

aBe data from Klein et al. (1988) Lunar Planet. Sci. XIX. 609. 
bcalculated from Si and SiO, data.. 

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


