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Many studies have shown that the carbon in lunar soils is mainly of solar-wind 
origin. This result is based on three facts: (1) The amounts of carbon in soils are 
large compared to the amounts in rocks. (2) The temperature release patterns of car- 
bon from soils show that carbon compounds are  released principally between 600 and 
1000°C and not at or  above melting temperature, -1400°C. (3) The amounts of 
methane released by acid dissolution of soil grains increase inversely with the grain 
size below 150 micron grain size; this inverse relationship indicates that the carbon 
compounds are located at the surfaces of grains. The carbon studies are quite exten- 
sive and conclusive. Carbon-14 studies on lunar materials, although fragmentary, 
may also indicate a solar-wind compone t. 

Begemann et al. (1) measured the 12C in three samples from different depths of 
rock 12053 andobtained 72 -i: 7, 33 f 3, and 30 * 3 dpm kg-1 at 0-0.5 cm, 0.5-2.0 
cm, and 2.0- 6.5 cm depths, respectively. They concluded that the depth profile was 
not reconcilable with production b cosmic-ray interactions and that an implantation 
rate of about 14c atoms sec-l was necessary. In rock 12002 Boeckl (2) 
measured 72 f 11 dpm kgm1 for 0 to 0.1 cm depth; in five deeper samples he obtained 
contents that ranged between 27 and 61 pm kg-l fluctuating to an extent that did not 
permit him to draw conclusions about implantation. Fireman - et al. (3,4) meas- 
ured the temperature release of 1 4 ~  from a soil trench sequence: 73221 (surface to - 1 cm depth), 73241 (surface to ru 5 cm depth), 73261 (trench bottom, between - 10 
and - 20 cm depth). The results are given in Table 1. 

Table 1. Carbon-14 temperature-release pattern from trench sequence. 

Sample 73221.3,. 5,. 10 73241.23 73261.15 & .3 

Weight (2) 1.85 2.01 2.17 
Depth (cm) 0-(- 1) 0-(-5) (-10)-(-20) 

Temp. 
("C) 

Sum (600- 1000) 36.4 2.5 15.6 f 1.7 0.5 f 1.5 

We extract the carbon by vacuum heatings of the sample in a molybdenum crucible 
for approximately 4 hours at 40O0C, 600°C, 800°C, 1000°C with resistance heating 
and above melting temperature by induction heating. The released gases are  collected 
and passed over CuO at 630°C converting the carbon compounds to C02. The CO2 i s  
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condensed in a trap at -196 "C, recovered from the trap at -78 "C, and measured. To 
purify the Cog from radon, the C02 is converted to CO over Zn at 300°C. The gases 
that condense from CO at -196°C are removed. The purified CO is reconverted to CO2. 
On the basis of stoichiometry, no carbon is lost in the Zn purification. 

In the trench sequence, there were 36.4 * 2.5 dpm k g 1  of below melting 14c at 
0 to -1 cm depth, 15.6 f 1.7 dpm kg-1 at 0 to -5 cm depth, and 0.5 * 1.5 dpm k g 1  
at the trench bottom -10 to 9 0  cm depth. The fact that 1% was released at 600- 
1000°C temperatures from surface soils 73221 and 73241 but not from trench bottom 
sample 73261 is consistent with the below melting 14c being solar-wind implanted 
rather than being produced by cosmic-ray interactions. The amounts of below melting 
1 4 ~  from 73221 and 73241 were not in exact inverse proportion to the estimated depths 
as would be expected from solar-wind implantation and the temperature release 
patterns of the two samples differed. There is, however, a eneral accord with what 

1 8  is expected for solar-wind implantation. The 600- 1000°C C cannot be attributed to 
contemporary 14c introduced as handling contamination because no 14c is released at 
40O0C, the temperature at which most of the introduced carbon is released and because 
the specific activities observed in some of the 600-1000°C releases are 10 to 20 times 
higher than in contemporary carbon. However, the counting errors  should be reduced 
and a size fraction study should be undertaken for higher confidence in the result. 
Such studies a re  under way. 

The counting data for Table 2 were obtained with small (-0.7 cm3) volume propor- 
tional counters of the Davis type (5). Argon was added as  a supplemental counting gas 
to the C02 obtained from the sample until the total gas pressure was 1.5 atm. The 
energy resolution, determined with an external 5 5 ~ e  source, was between 20 and 22% 
with 1 atm o r  less of C02. The counter backgrounds for pulses above 7 Kev in a low- 
level anticoincidence shield were between 3 and 4 counts per day. The counter effi- 
ciencies were determined with a 14c standard of CO2 obtained from Brookhaven 
National Laboratory. With counter pressures of C02 less than o r  equal to 0.5 atm and 
Ar of greater than o r  equal to 1 atm, the counter efficiency with pulses above 7 Kev 
was 25 f 2%. With 1.0 atm pressure of C02 and 0.5 atm pressure of Ar in the same 
counting mode, the efficiency was 30 * 2%. 

Grain size separations of 10084.80 by dry sieving with amounts of material useful 
for our 14c measurements have been carried out by King - et al. (6). Sample 10084 is 
a surface soil taken from 0-5 cm depth (7). We obtained 1.01 g of the 75 to 130 p size 
fraction, labeled 10084.937, and 1.0 g of the 10 to 30 p size fraction, labeled 
10084.1519. We also had 0.52 g of the bulk soil labeled 10084.20. Approximately 60% 
of 10084 soil is smaller than 75 p according to King - et  al. (6). Cado an et al. (8) found 
an inverse correlation of carbon with grain size below 150 p. The a m t y  released 
at 600°C from the bulk fines is absent in the 75 to 130 p size fraction. At other tem- 
peratures the amounts of 14c released from the two samples were comparable. The 
1% temperature-release pattern for the 10 to 30 p, size fraction will be presented. 
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Table 2. Carbon-14 temperature-release pattern from soil 10084 s ize fractions. 

Sample 10084.20 10084.937 

Size ~ u l k  fine* 75-130 p. 
Weight (g) 0.52 1.01 

Temp. 
14c 14c 

( "C) (dpm kg- l )  (dpm kg-l) 

400 - - 
600 14.3 f 3.0 2.0 * 1.0 

800 9.2 3.0 8.3 * 1.5 

1000 2.0 f 3.0 3.0 k 1.2 

Sum (600- 1000) 25.5 f 5.0 13.3 -+ 2.2 * 
Total 14c is 39 i 4 dpm kg-l according to Begemann - et al. (9) 
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