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Meteorites have been exposed to energetic particles at various stages of their evolution. 
Most recently they have been exposed to galactic cosmic rays (GCR) and solar cosmic rays (SCR) 
as meter-sized-bodies while in Earth-crossing orbits. Some meteorites, specifically gas-rich 
meteorites, have also been exposed during an earlier epoch and therefore contain information about 
the energetic particle environment from this earlier time. To interpret meteorite irradiation records 
it is necessary to know when and under what shielding conditions the irradiation occurred. Caffee 
et al. (1988) proposed, on the basis of excess 21Ne and its association with solar flare tracks in 
gas-rich meteorites, that an early irradiation occurred 4.5 Gyr ago The source of energetic particles 
would have been the Sun which was then in an early active phase during which time the SCR flux 
was higher than at present [I]. This hypothesis has been the source of considerable controversy. 
Pedroni et al. (1988) subsequently measured the 21Ne concentrations in a number of clasts from 
the howardite, Kapoeta [2]. They also found excesses of 2lNe in some of the clasts but 
interpreted the excess 21Ne as evidence of a complex regolith irradiation history. In their model 
some of the excess 21Ne is produced during an extended 2n exposure. Both groups have also 
observed grain sets Raving deficits of spallogenic 21Ne with respect to ages based on radionuclide 
measurements of bulk material. These grain sets indicate recent exposure durations of -1.5 Myr 
while bulk material indicates exposure durations of -3.5 Myr. One possible explanation for this 
circumstance is a recent complex regolith exposure history in which Kapueta was exposed in a 4n 
geometry for 1.5 Myr preceded by a 2n exposure. Although a 2n irradiation as long as required 
by the Caffee et al. (1988) results is unreasonable, the demonstration that Kapoeta had a recent 
complex regolith exposure would necessitate a re-evaluation of the early irradiation model. The 
complex regolith irradiation model can be tested by comparing the concentration of cosmogenic 
radionuclides and stable nuclides. 

The concentrations of cosmogenic lOBe and 26Al were measured in three clasts and two 
matrix separates from Kapoeta. These samples were aliquots of those initially isolated for noble 
gas measurements [3]. Clasts 3/C1 and 3/C2 are foreign inclusions of C1-C2 chondritic material. 
Mtx 3/C1,3 and Mtx 3433.4 are howardite breccia matrix and were taken h m  near clasts 3/C1 and 
3p respectively [3]. After the samples were dissolved, aliquots of the solution were taken for 
chemical analysis. Mg, Al, Mn, and Fe were measured; results are shown in Table 1. The lOBe 
and 26A1 concentrations were determined using the Lawrence Livermore National Laboratory 
accelerator. The results are shown in Table 2 along with 3He, 20Ne, and cosmogenic 21Nec 
concentrations in aliquots of the samples [3]. The 21Ne exposure ages were calculated based on 
4n irradiation and calculated 21Ne production rates [4]. These ages are also shown in Table 2. 

lOBe activity levels in all five samples are identical at 17 dpm/kg although 21Ne 
concentration vary by a factor of 5. This lOBe concentration is consistent with a 4x GCR 
irradiation of Kapoeta during the last 2.8 My or longer. On the other hand, if we assume that part 
of the lOBe was produced in a parent body regolith (2n irradiation), Kapoeta must have been 
exposed for more than several My near the regolith surface followed by an exposure in space (4n) 
of at least 1.3 My. However the second model is unlikely given the 53Mn results (see below). 
One of the most important constraints on any model is that the 21Ne must have been produced at 
the same time as the 1OBe. The model must therefore also account for the 21Ne concentration. 2641 
concentration varies from sample to sample due to differences in A1 concentration. When the 
observed activity of 26A1 in each phase is normalized to the same chemical composition using 
elemental production rates of 26A1[5,6], the activities are substantially the same for each phase but 
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the calculated 26Al activity is slightly (7-20 %) higher than the observed value. This discrepancy 
can be explained as undersaturation or may be due to the uncertainty in the shielding correction. 

In addition to this work, we have previously measured loBe (unpublished work with 
University of Tokyo AMS group) and 53Mn (unpublished) in dark and light portions of Kapoeta. 
loBe concentrations are 16.5kO.5 dpm/kg for the dark phase and 16.9kO.7 dpm/kg for the light 
phase. 53Mn concentrations are 18210 and 18Ok11 dpm/kgFe respectively. Both lOBe and 
53Mn concentrations are identical in each of these bulk phases. The 1OBe concentration is also 
identical to that measured for the separated phases in this present work. The exposure ages of the 
bulk phases are calculated to be 2.8 My (1OBe) and 3.1 My (53M.n) based on a saturation activity of 
23 dpm lOBe/kg and 414 dpm 53MnlkgFe. The 21Ne concentration in the light phase has been 
reported as 0.97 and 0.77~10-8 cm3/g respectively by 17,8]. The 21Ne exposure age in the light 
phase can then be calculated to be 3.6 and 2.9 My using a 21Ne production rate based on average 
howardite chemical composition [4]. There is good agreement between exposure ages for the bulk 
phase calculated using radionuclides and 21Ne; these values are also in agreement with 
radionuclide exposure ages for separated phases. 

The concentrations of the cosmogenic radionuclides lOBe, 26A1, and 53Mn in Kapoeta can 
best be explained by an exposure to GCR for 2.8-3 My in space (4x irradiation) after ejection from 
the parent body. Unexplained is the deficit of 21Ne in some separated phases and "unirradiated" 
grains from Kapoeta. 

Table 1. Chemical composition in separated phases of Kapoeta 

Sample Weight 
(mg) 

Clast 3/C 1 1.68 
Clast 3lC2 4.53 
Clast 3/p 2.24 
Mtx 3/Cl/3 16.28 
Mtx 3/p3,4 17.02 
* Pedroni (1989) 

Mg A1 K* Ca* Mn Fe 
(%) (%) ppm) (%) @pm) (%I 
11.8 1.59 130 1.32 1680 22.4 
11.5 1.59 2330 20.0 
4.2 6.44 690 6.78 3820 15.0 
9.3 3.27 220 4.22 3840 13.8 
9.4 3.97 220 4.36 3830 13.8 

Table 2. Cosmogenic nuclides in separated phases of Kapoeta 

Sample lOBe 26A.I 3He* mNe* 21Nec* 21Ne age 
(d~mkg)  (dpmkg) (10-8 cm3Ig) (10-8 cm3/g) (10-8 cm3Ig) (MY) 

Clast 3/C1 18.10 f 1.03 36.4 k10.8 2.79 44.0 0.35 1.4 
Clast 3/C2 17.02 + 0.28 45.6 + 3.1 1.83 18.2 0.4 1 1.7 
Clast 3/p 16.97 + 0.36 78.6 + 4.5 6.71 16.1 1.06 5.6 
Mtx 3/C1/3 16.55 + 0.17 66.2 + 2.4 40.4 1393. 1.29 5.2 
Mtx 3/p3,4 16.90 + 0.25 68.8 + 1.4 69.1 2460. 1.80 6.9 
* Pedroni (1989) 
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