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Once the depth profiles for the various effects produced by high energy
particle bombardment of the undisturbed lunar surface are measured and
understood, they can be used as probes for the rates of surface processes,
in particular of the mixing of the lunar regolith. The long-lived radio-
nuclides are especially useful because of their well-established timescales.

Mnss (t1/9 = 3.7x10° years) is the most important of these. It is
measured using a sensitive neutron activation technique (1) which allows us
to obtain activities using fairly small samples. The fact that it is pro-
duced mainly from Fe eliminates complicating effects due to variations in
the chemical composition of different samples. Measurements have been made
on a series of samples taken from the ends of sections of the Apollo 16
drill stem. These measurements agree very well with our earlier data for
the Apollo 15 long core (2) and like our Apollo 15 measurements are in good
agreement with the theoretical activity profile calculated using the model
of Reedy and Armold (3). Thus it appears that the lunar regolith at the
sites of both the Apollo 15 and 16 long cores has been undisturbed on a
meter scale for the past five million years. According to a Monte Carlo
model of mixing by meteoritic impact, being developed by one of us (J.R.A.),
mixing of the lunar surface in times comparable to the Mn°3 half-life
(using present-day bombardment fluxes) has usually been confined to a depth
of the order of centimeters. The Mn®3 data are consistent with expectations
on this model and also with evidence from other properties, such as Gd
isotope anomalies. One section (60005) of the Apollo 16 drill stem was
not completely full when returned from the moon. It was not known if
material had been lost from this section or if the drill stem had not been
comgletely filled and some of the material had slid up creating a gap. The
Mn®3 activities we measured give a better fit with the previous profile if
v180 g of material is assumed to have been lost from section 60005.

Mn>> was also measured in soil sample 63321, a '"permanently shadowed"
soil. The high activity of Mn®3 indicates that it was not shielded from
cosmic-ray bombardment to an appreciable extent.

Various cosmogenic radionuclides were measured in Apolle 17 trench soils
78481 (0-1 cm depth) and 78421 (10-25 cm depth). Included were Fe®°, A126
Na2?2 and Be’/. These nuclides have high activities in the surface sample
reflecting the intense solar flare of August Y4, 1972 and decrease to the
expected values for GCR bombardment in the deep sample.
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The ratio of the production rates of the radioactive Be isotopes
(Bel0, 1,5x10° years; Be’, 53 days) is of interest for lunar studies and
also for broader reasons. For example, it enters into the question of the
mean lifetime of '"galactic" cosmic rays. Because the production rates
depend similarly on the energy of the bombarding particle, and because the
GCR flux appears to have been constant, the observed activity ratio should
be close to the production rate ratio. The direct measurements of the
French group (4) suggest a ratio close to 0.08. Radiochemical measurements
(5) have given a much higher value. Correction for the new BelO half-life
(6) reduces the radiochemical ratio to about 0.15. Our measurements of the
ratio in an Apollo 17 trench soil 78421 (10-25 cm depth), and also in the
chondrite Canon City, give values close to 0.14. It appears that either
the radiochemical measurements are more accurate, or the assumptions are
violated. Dependence on the nature of the bombarding particle (proton or
neutron) may be important,
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