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Cosmogenic nuclide studies of SNC meteorites have contributed significantly to our 
understanding of these objects. From cosmic-ray-produced nuclides exposure~histories,~ejection 
conditions from the hypothesized Martian parent body, and genetic relationships between SNC 
meteorites are determined. In addition to those nuclides produced by galactic cosmic rays are those 
produced by solar cosmic rays (SCR). Radionuclides produced by SCRs reside in the uppermost 
few centimeters of material and their presence in meteorites indicates the degree to which a 
meteorite has ablated. Previous work shows ablation is less than 1 - 2 cm in at least three 
shergottites, ALHA77005, Shergotty, and EETA79001 [I ,  2, 31 This suggests that the 
atmospheric entry velocity andlor entry angle of these shergottites is much lower than the velocity 
andlor entry angle of ordinary chondrites. We report here the results of cosmogenic radionuclides 
in the recently recovered Antarctic shergottite Queen Alexandra Range 94201 (QUE94201). We 
measured l o ~ e  (half-life = 1.5 My), 2 6 ~ 1  (0.705 My), and 36C1 (0.301 My) concentrations by 
AMS. 

The recovered size of QUE94201 is 2.3 x 2.0 x 1.5 cm and the recovered mass is 12.0 g. 
We received one interior chip, QUE94201,13 and one exterior chip, QUE94201,27. To 
investigate SCR effects in QUE94201, we measured cosmogenic nuclides in four sub-samples 
with different shielding depths. Three sub-samples, at a depth of 0 - 1 rnm, 1 - 3 mm, and 3 - 5 
mm from surface of fusion crust were separated from QUE94201,27. An interior sample 
QUE94201,13 was chipped 4 - 8 mm from recovered surface. The distance between 
QUE94201,13 and 27 was not precisely determined, but was less than 10 mm. Table 1 shows 
l o ~ e ,  2 6 ~ 1 ,  and 3 6 ~ 1  results in four sub-samples of QUE94201 along with several other 
shergottites for comparison. The quoted errors come from the AMS measurement and represent f 
l o .  
The 26Al concentrations in QUE94201 scatter as the result of chemical heterogeneity between the 
four sub-samples. A1 and Si are major target elements for production of 2 6 ~ 1 .  The A1 
concentrations in our samples range from 3.9 % to 5.3 %. By assuming the 26Al production rate 
from A1 is 2.5 times higher than that from Si, the 2 6 ~ 1  concentrations in QUE94201 can be 
normalized to the 2 6 ~ 1  activity in L-chondrites (1.27 % A1 and 18.7 % Si). The normalized 2 6 ~ 1  
activities in QUE94201 (assuming 24 % Si) are 33.6 - 36.4 dpm/(kg L-chondrite). After 
correction for chemical composition the 26Al concentrations in the three samples of QUE94201,27 
with differing depths are nearly identical. There is clearly no evidence of increasing 2 6 ~ 1  
concentration toward surface of the meteorite. ALHA77005 and Shergotty [I, 21 by contrast, had 
high 26Al activities in samples taken at the surface. A reasonable interpretation is that there are no 

' 

SCR effects at these sample depths, implying at least 3 cm ablation. The 36C1 concentrations were 
normalized to the measured concentrations of target elements, dpmkg (8Ca+Fe), and are shown in 
last column of Table 1. The depth profile of 3 6 ~ 1  concentrations also shows no evidence of SCR- 
produced effects. The normalized 36C1 concentrations in QUE94201 are lower than those 
observed in other SNCs. For a 4n bombardment in transit to Earth the 36C1 saturation activity is 
22 f 3 dpm/kg (8Ca+Fe). The low 36C1 concentration in QUE94201 is most likely the result of 
3 6 ~ 1  decay during residence on the Earth. The terrestrial age obtained from 36C1 is 0.29 f 0.05 
My. Assuming this terrestrial age the 26Al activities at the time of fall are calculated to be 72 - 82 
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dpmlkg meteorite or 45 - 48 dpm/(kg L-chondrite). The lOBe concentrations in the four sub- 
samples are nearly constant. After the terrestrial age correction, the l0Be activities are 13.6 f 0.6 
dpmkg meteorite. The lOBe concentration in QUE94201 at the time of fall is very similar to those 
in Shergotty [I] and Zagami (our unpublished result). The l o ~ e  production rate is estimated to be 
17 - 22 atom/min.kg based on the 2 6 ~ 1  concentration. The lOBe concentration indicates that 
QUE94201 was exposed to cosmic rays for 2.6 f 0.5 My in a 4n: geometry. 

The terrestrial age of QUE94201 is longer than other Antarctic shergottites ALHA77005 
(0.2 My) [4, 51, EETA79001 (0.012 My) [6], and LEW88516 (0.025 My) [7]. However, the 
ejection ages (summation of exposure age and terrestrial age) of all shergottites, with the notable 
exception of EETA79001, cluster around 3 My [I, 81. From the perspective of cosmogenic 
nuclides it is tempting to speculate that one collisional event ejected all the shergottites, excepting 
EETA79001, which has exposure age of 0.6 My [8], from their Martian parent body. In this 
scenario, all shergottites were necessarily ejected from more than a few meters depth within the 
parent body and therefore record no cosmic ray exposure in a 2n: geometry. Alternatively, the 
observed cosmogenic radionuclide concentrations in QUE94201 do not eliminate the possibility 
that it was ejected from a shallow depth from the parent body, where it would have a 2n: exposure 
geometry, and then had a short exposure time in space with 4n: exposure geometry. Measurements 
of cosmogenic noble gases and 53Mn (half-life = 3.7 My) are needed to resolve the particular 
conditions under which this exposure occurred. 

Table 1. Cosmogenic radionuclide concentration in shergottites 
Sample Depth from 1 OBe 26Al 3 6 ~ 1  36C1 

surface ( d p d g  (dpmkg 
(mm) meteorite) meteorite) meteorite) 8Ca+Fe) 

QUE9420 1,27 
QUE9420 1,27 
QUE9420 1,27 
QUE9420 1,13 
ALHA77005a 
EE~A7900 1 ,95b 
LEW88516,13C 
~hergotty,2b 
Shergotty,26b 
Zagami 

14.6 f 0.2e - - 
a.[2, 91 and unpublished results; b.[l]; c.[4] and unpublished result; d.[10]; e.unpublished result; 
f.corrected with 0.6 My exposure age. 
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