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INTRODUCTION. 2 6 ~ 1  concentrations in lunar samples have been used exten- 
sively to obtain information on regolith mixing, the constancy of cosmic ray 
intensity, and erosion rates. Up to now such measurements were carried out by 
y-ray counting techniques requiring 2 1 g samples 111. Langevin, Nishiizumi 
and Arnold [21 have discussed how measurements of long-lived cosmogenic nucli- 
des in individual lunar grains can impose severe constraint on models of 
regolith mixing. Using a very sensitive activation technique, 93Mn (half -1if e 
3.7 m.y) has been measured in "rocklets" as small as 8 mg in weight [3]. Varia- 
tions by up to a factor of 7 were observed in. core 60010, which severely 
constrained2&he depositional history at that site 121. With a half-life of 
0.72 m.y., A1 has the potential for probing the history of the core sites on 
a shorter time scale. 

ACCELERATOR MASS SPECTROMETRY MEASUREMENTS. We have recently developeg an 
accelerator mass spectrometry technique that improves the sensitivity of 6 ~ 1  
detec5j60n by at least 4 orders of magnitude. It is thus now possible to mea- 
sure A1 in individual grains less than 1 mg in weight. In ord% to demon- 
strate the possibilities of this new technique, we have measured Al activi- 
ties in 4 individual lunar grains less than 1 mm in size. These grains were 
separa ed from the "skim" sample 69920, and thus lied at a depth of less than 5 
1 g/cm . The grains were first dissolved in HF, and the Al content measured by 
atomic absorption spectrometry. After addition of 1 mg of A1 carrier, A1 was 
chemically 5gtracted and transformed into A1203. Measurements of the concen- 
tration of A1 were performed with the Tandem accelerator at the U. of Penn- 
sylvania, using a mass spectrometry procedure similar to that outlined in 141. 

The results are summarized in Table 1. Uncertainties have been calculated 
from the number of events counted, together with an instrumental uncertainty 
(- 10%). The latter, which does not depend on the sample mass, ~s estimated 
from the standard deviation of a series of measurements on a A1 enriched 
standard. We should emphasize that as this experiment was essentially intended 
as a "survey" experiment, we made no attempt to maximize the number of events 
detected, using less than 20 % of the available A1203. It is thus clear that 
our technique has the potential for measurement at similar precisions of still 
smaller samples, probably as little as 25 pg, which corresponds to a grain 

TABLE I 

weight 27~1 2 6 ~ 1  26~1/27~1 2 6 ~ 1  normalized 2 6 ~ 1  
(~g) (wgt %) (events) (x 10-12) (X 109atlg) activity (dpmlkg) 

1 221 17.4 193 1.36 + 0.16 142 t 12 % 196 

2 422 14.4 237 2.37 + 0.28 133 t 12 % 184 

3 256 17.5 64 0.75 t 0.12 68 t 16 % 9 4 

4 287 17.4 2 14 1.31 t 0.16 107 t 12 % 147 

blank 0 < 0.01 
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size of 250 pm. Contrary to the present lower limit of 8 mg rocklets for 53Mn 
measurements, such grains are abundant in all soil samples. 

In order to compare our results with those obtained on bulk soils or 
model computations, 5 is conygnient to normalize for the abundance6 of the 
major parent nuclei, A1 and Si. If the Apollo 15 composition is taken as a 
standard, as in [21, the normalization factor for 69920 which is an aluminum 
rich soil is * 0.75. Once this factor is taken into account, the average over 
this very limited statistical sample of near surface grains (* 155 dpm) is 
similar to the yean value (-- 145 dpm) measured by the Battelle group [ 1,5,61 
in the top g/cm of 7 lunar cores. Similarly, Monte-Car o mixing models yield ?? 
an expected mean value of 2150 dpm [21 in the 0 - 1 g/cm region (with a total 
SCR flux J = 70 protons/cm .s, and a rigidity Ro = 100 MV). 

VARIATIONS BETWEEN2&NDIVIDUAL GRAINS AND THE HISTORY OF THE SITE. We 
observed variations in A1 activity by a factor of two between individual 
grains (see Table I). The activity can be separated into two contributions: 
that acquired before the grain was emplaced at its present location ("preftra- 
diation") and that acquired in-situ. The latter is of course identical for all 
grains at the same depth. Thus, variations between the activities of neigh- 
bouring grains essentially stem from their different preirradiation hismry. 
When the observed variations are large, the preirradiation contribution sMuld 
dominate, which indicates that emplacement of the grains occurred less than a 
half-life ago (0.72 m.y.). Indeed, Monte-Carlo simulations of core deposition 
histories [21 yield in 35 % of the cases a local deposition rate exceeding 
in the last m.y. (either from deposition of an ejecta blanket or, more like f" y,  
from the rapid fill-up of a small crater by ballistic downward "creep" of 
individual grains [71. The in-situ contribution to the activity represents a 
minimum value for all individual grains (corresponding to no yeirradiation). 
It typically lies between 30 and 60 dpm at a depth of 1 g/cm for disturbed 
sites. For a given scenario, the distribution of activities at each depth can 
also be predicted, and could be compared with experimental measures on a sta- 
tistically significant number of grains. It should however be noted that 55he 
grains measured in this work and even more so the 10 mg rocklets in which Mn 
has been measured are larger than the mean grain size (5 100 ~m), and do not 
necessarily represent an unbiased sampling of individual grains in the soil. 

CONCLUSION. 2 6 ~ 1  activities measured in individual lunar core grains can 
provide constraints on the in-situ contributi% to the etivity, and thus the 
recent history of the core. Measurements of A1 and Mn activities in the 
same grains should enable one to discriminate between the possible scenarios 
leading to depth profiles similar to that observed in each core. In addition 
to opening up these new possibilities, the much smaller quantity of lunar 
material required with the accelerator mass spec5gometry technique should 
greatly facilitate more systematic measurements of A1 profiles in cores and 
rocks, with improved depth resolution. 
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