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BERYLLIUM-10 AND ALUMINUM-26 CONTENTS OF UREILITES; D. Aylmer, 
G.F. Herzog, S. Vogt (Dept. Chem., Rutgers Univ., New Brunswick, NJ 08903), R. 
Middleton, D. Fink and J. Klein (Dept. Physics, Univ. Penn., Philadelphia, PA 19104) 

Introduction - Ureilites have low 26Al contents, on average ~ 8 0 %  of the expected value [1,2]. 
By a process of elimination, Wilkening et al. [ l ]  reluctantly concluded that the ureilites may 
have come from a region of space where the flux of galactic cosmic rays was low. Cressy [2] 
argued that various shielding effects could explain the observations equally well. We decided 
to take a new look at the problem because: 1) the number of ureilites available for study had 
greatly increased; 2) experimental sensitivity had improved to the point where one sub-gram 
sample provided enough material for the analysis of several cosmogenic radionuclides; 3) we 
believed that new isotope measurements would define more sharply the shielding conditions 
experienced by the ureilites thereby make it possible to choose conclusively between the 
explanations sketched above. 

Results - Wherever possible, we tried to obtain material for which noble gases had been 
measured. U. Ott generously supplied 9 such samples, some in solution form from which 
carbon-rich residues had been removed. In all but three cases (Goalpara, Kenna, and Novo 
Urei) our samples came from the same stone as, and probably from within a few centimeters 
of those analyzed for noble gases. Refs. [3-51 describe the methods we used to process the 
samples chemically and to analyze for lOBe and 26AI by accelerator mass spectrometry. Table 
1 summarizes over 70 analyses of loBe and 26A1 in 10 non-Antarctic and 12 Antarctic 
ureilites. At this time, we estimate the uncertainty of the measurements as +lo% based on 
reproducibility studies. The discrepancies with values from the literature are large, typically 
10-20%, and variable. Previous 26Al analyses for other samples [lo] agreed fairly well with 
those reported in the literature. The high 26Al content of LEW 85440 may indicate 
significant solar cosmic ray irradiation. 

Discussion - The average loBe and 26A1 production rates expected on the basis of ureilite 
composition and normal shielding systematics are 25 and 55 dpm/kg. In ureilites with 
exposure ages greater than 3.5 Ma or so, the observed lOBe and 26A1 contents should 
approximate these values provided the terrestrial ages are short. Grand averages for longer- 
lived, non-Antarctic and Antarctic ureilites, respectively, are: lOBe (19.8, 16.0); 26Al (41.5, 
36.6). Corrections for composition and conventional, shielding-corrected 2lNe ages have been 
applied where known. Our averages indicate that the lOBe and 26A1 production rates were 
depressed by 20-30%. The mean 22Ne/21Ne ratio for ureilites is 1.15-1.16. The value 
expected for a body with average ureilite composition is 1.09. Thus, the ureilites taken as a 
group experienced a relatively hard flux of cosmic rays. The average, observed 26Al/loBe 
production rate ratio differs negligibly from the expected value of 55/25 = 2.2. As the 
calculated value presumably applies to normal shielding conditions, the 26Al/10Be ratio 
evidently depends only weakly on radiation hardness for this sample population. The ratio of 
the Antarctic to the non-Antarctic 26A1 content suggests an average terrestrial age for the 
Antarctic ureilites of -0.13 My. Use of the loBe data for this calculation (and to a lesser 
extent the 2eAl data) is compromised by a probable need for appreciable, but unknown 
exposure age corrections to several Antarctic loge contents. 

Figure 1 shows the experimental results along with calculations made by R.C. Reedy. 
Preatmospheric radii (g/cm2) are denoted by R. The envelope of production rates at the sur- 

faces and centers of these bodies is plotted as a branching 
dotted line. Circles represent our data except where we 
lacked an 26Al measurement. Closed symbols stand for 
Antarctic ureilites and the triangles, literature data. 

U 
Many data cluster in a region characterized by small 
meteoroid size, near-surface location, or both. This 
inference is consistent with the high 22Ne/2lNe ratios. 

Center 
.-.-------- Correction for an average terrestrial age of 0.15 My 

would increase the lOBe and 26A1 contents by 7 and 15% 
Figure 1 2 6 ~ ~  (dprn/kg) but would not otherwise much alter the general appear- 
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ance of the plot. The conclusion that all the ureilites were small does not stand up against 
track data [1,11] or against our results for the two Antarctic ureilites Y791538 and A81101. 
The hypothesis of a cosmic ray flux with reduced intensity at all energies fails to explain the 
increased 22Ne/alNe ratios although a much hardened flux might do so. In agreement with 
[2], we conclude that most but not all ureilites represent samples of near-surface material 
from bodies with a wide range of sizes. Reduced neutron multiplicity may also diminish 
production rates in ureilites [12]. 

Table 1. loBe and 26AI ( d ~ m / k e )  in ureilites. 

Meteorite Samples loge Lit. 26Al Lit.6 alNe8191c 22Ne/21NefLd 

Dingo Pup Donga 
Dyalpur* 
Goalpara 
Hajmah 
Havero* 
Kenna 
Nilpena 
North Haig 
Novo Urei* 
Roosevelt Co. 027 

ALHA 77257 

ALHA 78019 
ALHA 78262 
ALHA 81101 

LEW 85328 
LEW 85440 
META 78008 
PCA 82506 
Y74123 
Y79098 1 
Y791538 
Y8448 

HBW 
AM159.16 
B23452 
W12809 
AkN1176 
u 9  

Antarctic ureilites 

Notes: Fall. a) Ak=USSR Acad. Sci.; AM=Amer. Met. Lab.; B=Brit. Mus. (Nat. 
Hist., A. Graham); H=H.B. Wiik; J=Johnson Space Center (Meteorite Working 
Group); N=Natl. Inst. Polar Res. (K. Yanai); U=Univ. New Mex. (E.R.D. Scott); 
W=Western Australian Mus. (A.W.R. Bevan). b) Value of 8.9 dpm/kg rejected. c) 
10-8 cms STP/g. d) 22Nec= 10.7(22Ne-2oNe)/9.87; 21Nec=alNe-0.032(22Ne-22Nec). 
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