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CARBON-14 PRODUCTION BY 155-Mev PROTONS IN METEORITES; E.L. 
Fireman, Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138 and R.P. Beukens, 
lsotrace Laboratory, University of Toronto. 

Despite the importance of cosmogenic 14C in meteorite research, the production 
cross section of 14C in a meteorite specimen by energetic protons has not been 
measured. Recent measurements (1) made of the 14C depth variation in a large 
grandiorite block, irradiated with 1.2-Gev protons and 800-Mevlnucleon alpha 
particles (in approximately the ratio expected for cosmic rays), showed that the 14C 
was produced mainly by low-energy secondary particles. Solar flares would then 
produce a significant amount of 14C in near surface meteorite and lunar samples; the 
measurement of the 14C production by -150-Mev protons in a meteorite specimen 
would be an aid for estimates of their solar-flare bombardment. Another aspect of 14C 
msteorife studies in need of measurement is the temperature release pattern of 
spaiiation-produced 14C, since spallation 14C is usually separated from other sources 
of 14C by temperature splits. 

We cut two adjacent samples of 3.01 and 3.95 g from a slab of the Bruderheim 
meteorite. The 3.01-g sample, which had a uniform cross sectional area of 0.742 cm2 
and a length of 1.3 cm (i.e., 4.0 g/cm2), was irradiated with 3.0 x 1012 (155-Mev) 
protons in the Harvard cyclotron, with the proton beam perpendicular to the 0.742 cm2 
face. The carbon was extracted from these samples by our usual procedure (2). The 
sample is placed in a molybdenum crucible and baked out overnight at 1500C in a 
vacuum. Carrier C02 is introduced and the temperature of the sample furnace is raised 
to 10000C and kept at this temperature for 3 hrs while the gas is circulated from the 
furnace through a CuO unit at 6500C, a cold trap at -500C, and back into the furnace. 
The CO2 is then condensed in a cold trap at -1960C and removed. Additional C02 
carrier is then introduced and the sample is melted at 15000C and kept at this 
temperature for 3 hrs while the above extraction procedure is repeated. Additional 
C o n  carrier is then introduced and the sample is remelted at 16000C and the 
extraction procedure is repeated. The ratios of the carbon isotopes in the COe samples 
are then determined by accelerator mass spectrometry at the Toronto lsotrace 
Laboratory. Table1 gives the results. 

The remelt activities are the same as those obtained for similarly heated crucible 
blanks with carrier C02; therefore the 14C extractions were complete. The total activity 
in the unirradiated sample is 65.7 f 0.3 dpmlkg and 150.7 + 0.6 dpmlkg in -the 
irradiated sample after subtracting the remelt values; therefore, the protons produced 
85.0 f 0.7 dpmlkg of 14C and 23% of the activity was released at 1000oC. If the 14C 
activity is produced entirely from the 4.5 x 1022 oxygen atoms in the 3.01-g Bruderheim 
target by the 160(p,3p)14C reaction, then the cross section for this reaction for 150- 
Mev protons (their average energy in the target) is 6.0 k'0.1 mb. This cross section is 
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three times the 1.8 + 0.3 mb value measured previously (3) for 150-Mev protons on a 
2.0 gIcm2 water target. In order for 150-Mev protons to produce three times as many 
14C atoms in a 4.0 gIcm2 meteorite target as in a 2.0 glcm2 water target secondary 
neutrons via the 160(n,n2p)14C reaction would have to produce twice as much 14C as 
the primary protons. The previous measurement is nearly 30 years old and may be too 
low, we are therefore determining 16O(p,3p)14C reaction cross section with a thin COe 
target. 

Table1 . 14C112C ratios and 14C activities. 

Carrier C02 recovered C02 1 4 C / 1 2 ~  1 4 ~  dpm 14C 

Bruderheim (CC) (x 10-14) (x 1 0-3) (d~m/kg 

Unirradiated 
1OOOOC 7.31 11.72 88.28 k 0.60 63.86 f 0.44 16.17 f 0.1 1 
Melt 7.32 11.85 287.78k1.39 210.87+1.02 53.38k0.26 
Remelt 7.32 7.21 17.69 + 0.25 7.72 + 0.1 1 1.95 k 6.03 

Irradiated 
1OOOOC 7.09 9.81 176.65 f 1.03 107.08 + 0.63 35.57 + 0.21 
Melt 7.17 8.95 642.48k2.83 355.69f1.57 118.17k0.52 
Remelt 7.27 7.27 10.43 f 0.1 9 4.52 + 0.09 1.50 f 0.03 
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