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ANTARCTICA : YAMATO 86032, MACALPINE HILLS 88104 and MACALPINE HILLS 
88105; S. Vogt and G. Herzog, Dept. Chemistry, Rutgers University, New Brunswick, NJ 
08903, D. Fink, J. Klein and R. Middleton, Dept. Physics, University of Pennsylvania, 
Philadelphia, PA 19 104. 

Lunar meteorites are important for many reasons. First they offer a chance to study 
material from otherwise unsampled locations on the Moon; the Apollo and Luna missions 
returned samples representing only about 5% of the lunar surface. Second, they are the only 
meteorites whose parent body is known with certainty, and hence present the opportunity to 
test ideas concerning the frequency of large impact events and the evolution of ejecta orbits. 
Results for five lunar meteorites showed that either two or three impacts produced them. 
Two of them, ALHA 81005 and Yamato 791197, lay buried a meter or more below the lunar 
surface for most of their history, were ejected less than 10 Ma ago and arrived on Earth 
within the last 0.1 Ma. Two other meteorites (Yamato 8219213) had long exposures in the 
lunar regolith followed by brief travel to earth, either separately or jointly, that ended 
between 0.2 and 0.4 Ma ago [ l ,  and refs. therein]. Four additional meteorites from 
Antarctica were later identified as originating in the Moon [2,3]. We report here preliminary 
results for cosmogenic radionuclides in three lunar meteorites recently made available for 
analysis: Yamato (Y) 86032 [2], MacAlpine Hills (MAC) 88104 and MAC 88105 [3]. The 
purpose of the measurements is to reconstruct the recent exposure histories of the meteorites. 
Our 1°Be and 26A1 results are presented in Table 1 along with published cosmogenic 
radionuclide and 21Ne data for lunar meteorites. 

Yamato 86032: The lOBe and 26A1 concentrations obtained for Y 86032 along with the 
low 21Ne contents indicate that this meteorite is paired with Y-82192 and Y-82193 [see ref. 
11. The high radionuclide activities of Y-86032, which are not attainable in a 2x geometry 
[4,5], imply a long irradiation of several million years in a 4 s  geometry. An upper limit on 
the time of exposure to cosmic rays of no longer than 10 Ma is then set by the low 2lNe 
contents [I]. As the material received most if not all of its irradiation dose in a 4 l ~  geometry, 
we may compare the measured activities with the expected production rates. The latter were 
estimated by using the elemental production rates [6,7] and the elemental composition of Y- 
86032 given by Koeberl et al. [8]. The oxygen concentration was approximated as 459'0, an 
average for lunar highland materials [9]. With these data we obtain a production rate for Plo 
of about 23.5 dpm/kg and for P2, of about 137 dpm/kg. Based on P2,=137 dpmlkg we 
estimate a terrestrial age for Y 86032 of about 0.12 Ma, comparable to the *lKr/Kr terrestrial 
age of 0.072k0.030 Ma given by Eugster [I]. As the measured 1OBe equals its calculated 
production rate within limits of uncertainty, we conclude that the transit time must have 
lasted at least 5 Ma. 

MAC 88104/5: The very low 26Al activities measured in these two stones suggest that 
neither one is paired with lunar meteorites identified previously. If the measured 2eA1 
content of MAC 88105 corresponds to decay from an initial activity between 40 dpm/kg and 
138 dpm/kg, the values measured for the other lunar meteorites, then we may infer a 
terrestrial residence time of about 1 Ma or longer. Not only do terrestrial ages in this range 
seem unlikely when compared to a mean terrestrial age of 0.2 Ma for Antarctic meteorites, 
but they are also very rare [lo]. If a long terrestrial age can be ruled out, then the low 26A1 
content may be attributed to a very short transit time between the Moon and the Earth 
independent of the depth at which the material was buried before launch. The simplest 
scenario we can construct begins with a high shielding depth in the lunar regolith until 
recently, a short transit time of perhaps 0.2 Ma, and a moderate terrestrial age of about 0.1 
Ma. Additional cosmogenic nuclide measurements, which are under way, will shed more 
light on the history for  these two specimens. Our 26A1 results are consistent with the 
suggested pairing of MAC 88104 and MAC 88105 [3]. 
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Table 1 : Cosmogenic nuclides in lunar meteorites 

Y-791197 .75 
Y-82192 .73 

.82 
Y-82193 .lo1 

.loo 
Y-86032 .86 

.I14 
MAC 88104 .10 
MAC 88105 .4 1 

* Activities are given in dpm/kg meteorite and dpm ssMn/kg Fe; + in 10-8 cc/g STP; # a 
final  result will be presented when the native A1 abundance has been determined. 
References: a-f = [l  1 - 161. 
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