
EVIDENCE FOR AN WPLANTED SOLAR COMPONENT OF 14C IN LUNAR SAMPLES; A. J. T. Julll, 
D. La12 and D. J. Donahue'. 'NSF Arizona Accelerator Mass Spectrometry Facility, The University of b n a ,  
Tucson, AZ 85721. zGeophysi~al Research Division, Scripps Institution of Oceanography, University of California, 
San Diego, La Jolla, CA 92093. 

We present evidence that suggests an implanted 14C component in the very surfaces of lunar samples. It has 
been known since the first Apollo 11 soils were analyzed [I] that lunar soils contain large amounts of solar gases. 
Begemann a 4 [2] observed high surface values of 72k 11 dpmikg 14C in lunar rock 12053, a similar result for rock 
12002 was found by Boeckl [3]. Begemann al [2] suggested this could be due to a solar-+ted 14C 
component, although Boeckl's inkqmhtion was of an enhanced solarcosmic-ray (SCR) flux producing the 14C. 
Measurements of SCR 14C in lunar rock 68815 support an SCR explanation for most of these effects, but it is 
possible that some implanted 14C was removed during the pretreatment procedure of Jull a & [4]. Fireman (1978) 
showed evidence for some enhanced 14C in flvface soils 73221 and 10084. In this new series of experiments, we 
improve on the stepwise-h&g experiment of Fireman [5,6], using an acid-etching technique, smaller samples and 
accelerator mass spectrometxy to measure 14C, as well as to investigate the possibility of separating the various 14C 
components. Wieler d. [7] and Rao & &. [8] have used selectiveetching for rare-gas studies. With this 
information we can set upper limits to the amount of 14C which can originate from implanted ions from solar-wind 
or suprathermal events 171, or solar-flare implantation [7,8]. Using a weak HF etching technique, we present 
evidence for implanted 14C in rock 68815, and in surface soils 73221 and 10084. 

Samples of lunar soil (0.17-0.2g) are loaded into a teflon container, which is piaced inside a stainless steel 
vacuum bomb. In each case, frozen HI? solutions had previously been added to the container. The sample is then 
pumped and canier gases of CO and C02 added. For the first etchings, 5 & d  0.06M HF was used. The vessel 
is closed off with a specially-designed teflon valve, and heated to 80°C for 24 hr. After this time, the carrier gases 
are recovered. A second experiment is then performed by recovering the residual lunar soil, and adding it to a 
second teflon container, this time with stronger HF. This procedure is repeated up to 5 times. In each case, the 
carrier gases are recovered. All HF solutions were recovered for ICP elemental analysis. The gases are wvered 
to graphite and analyzed by accelerator mass spectrometry (AMS). 

Lunar soils 73221,73241 and 73261 were studied, which come from the Apollo 17 trench sequence at station 
3 site, an area wvered with light highland soils from the adjacent South Massif [a]. Soil 73221 coma from a depth 
of 0 to 0.5cm, and 73241 from a depth of about 5cm, and 73261 from a depth of 5-10cm [8]. Soil 10084 was a 
large surface sample from roughly 0-5cm collected during Apollo 11 [9]. We have also studied a sample of surface 
scrapings of rock patina and chips from 68815 [4]. 

The 14C contents of the CO and C02 resulting from the HF etching studies are given in figure 1. Sequential 
etching of increasing strength from 0.06M to 8.4M HF, or 5046 (26M) HF for 73221, were used. An interesting 
observation is that the bulk of the cosmogenic 14C is released in the fourth and fifth etching steps. Samples 73241 
and 73261, which were recovered from locations where there should be no SCR or implanted 14C mmponents 
confirm this. A large amount of 14C not related to dissolution of much sample (see figure I), is released in the third 
etching step in sample 73221, using 6cm3 of 0.16M HF. Also, the amount of 14C/g Si is by far the highest for step 
3, and is over ten times higher than for the adjacent samples. It is far too high to be explained by SCR effects 
[4,10]. We estimate the etching depth to be about 4-7u. We do not expect 14C/dpmikg soil in excess of about 70 
dpm/kg for even the most surface samples from SCR effects combined with the GCR-produced 14C. In the case in 
73241 and 73261, where most of the 14C is released in the later steps, there is no significant enhancement in the 
third etching step, and amounts of 14C are more uniform, though some smaller variations are apparent. This depth 
is much deeper than the 300-500A (0.03-0.05~) expected for solar-wind implantation. Similar results to that found 
for 73221 were also found for soil 10084. The surface sample of rock 68815 was subjected to a similar, but milder 
series of etching experiments. In contrast to the soil samples, the scraping samples from 68815 are from a surface 
of known position and orientation. The first three successive treatments of 0.0003 moles HF should have removed 
less than about 6.2mg (5.7%) of the material, which is estimated to be about 2.7 X lo3 cm3, but released at least 
38 dpmlkg 14C, over 40% of all the 14C in the sample. We estimate the first three etchings would have removed 
about 9 microns of rock, in contrast to the 3 microns for the soil etchings. This depth is similar to that at which 
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Rao & al, 181 observed implanted solar He. The total 14C results from the second and subsequent etchings of 68815, 
297 fit very well with our previous estimates of SCR produced 14C (appm 25 dpmkg) and GCR (25 ctpmlkg). 
The remaining surface excess of 38 dpmlkg (1.65 X lo8 14C/g) at an estimated depth of 9u is ascribed to an 
implanted component. We can estimate the magnitude of this implanted 14C using the surfacearea estimate of about 
26 c d l g  for this sample, which gives us 6.35 X 106 14C, or a rate of 2.46 X lU5 14C/cm2/s. The 14CM ratio of 
this implanted component would be 1.23 X 10'13. This is an important confinnation of the previous proposed 14C 
solar component [1,5,6]. 
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Figure: l4C (dpmlkg metals) released from sequential etching experiments of Apollo 17 trench soils. 
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