
THE SHORT COSMIC-RAY EXPOSURE AGE OF THE LAPAZ ICEFIELD 10018/10060 HOWARDITES. 
K. C. Welten1, K. Nishiizumi1, and M. W. Caffee2, 1Space Sciences Laboratory, University of California, Berkeley, 
CA 94720, USA (kcwelten@ssl.berkeley.edu). 2Department of Physics and Astronomy, Purdue University, West 

Lafayette, IN 47907, USA (mcaffee@purdue.edu). 
 
Introduction: The cosmic-ray exposure (CRE) ages of howardites, eucrites and diogenites (HED achondrites) 

are generally in the range of 5-50 Myr, with two clusters at ~23 Myr and ~40 Myr, respectively, and a smaller one at 
~12 Myr [1.2]. The main parent body of the HED meteorites is generally assumed to be asteroid 4 Vesta, although 
the immediate parent bodies could be one of the hundreds of smaller V-type asteroids (vestoids) which are collision-
ally derived from 4 Vesta [3]. The long CRE ages of the HED meteorites, combined with the strong clustering of the 
CRE ages in several large peaks was interpreted by some [e.g., 2] as evidence that most of the HED meteorites were 
directly ejected from asteroid 4 Vesta by a few large impact events rather than from the smaller vestoids that bridge 
the orbital gap between Vesta and the 3:1 and v6 resonance zones [3]. However, since many of these vestoids are in 
much more favorable positions (than 4 Vesta) to deliver material into Earth-crossing orbits on a relatively short 
timescale, it is somewhat puzzling that HED meteorites with CRE ages <5 Myr are very rare. In fact, only one HED 
meteorite with a CRE age of <5 Myr has been reported, i.e., the regolithic howardite Kapoeta, which has a 4π expo-
sure age of ~3 Myr [4,5]. In this work we report on the short CRE age of two paired howardites from the LaPaz 
Icefield (LAP) in Antarctica, based on the measured concentrations of cosmogenic radionuclides 10Be (half-life = 
1.36 Myr), 26Al (0.705 Myr) and 36Cl (0.301 Myr). 

Samples and Experimental Procedures: LaPaz 10018/10060 (recovered masses of 254.8 and 31.0 g) were both 
classified as howardites, but no pairing was suspected [6]. In fact, LAP 10060 was classified as a metal-rich howard-
ite, although it may also represent a silicate clast separated from a mesosiderite [6]. We dissolved bulk samples of 
50-60 mg in HF/HNO3 along with a carrier solution containing ~3 mg of Be and Cl. After dissolution, small aliquots 
of the dissolved samples were taken for chemical analysis by ICP-OES, and a small amount of Al carrier was added. 
We separated Be, Al, and Cl following procedures described in [7] and measured the concentrations of 10Be, 26Al 
and 36Cl by accelerator mass spectrometry (AMS) at Purdue’s PRIME Lab [8]. Results are summarized in Table 1. 

Results and Discussion. The chemical compositions of the two samples are in the typical howardite range and 
indicate roughly 40/60 ratios of eucrite and diogenite components. LAP 10060 has a ~10% higher Fe/Mn ratio and 
higher Ni, indicating it contains some metal. Concentrations of cosmogenic 10Be in the two samples are virtually 
identical at 10.4 ± 0.1 dpm/kg, which is a factor of ~2 lower than typical production rates of 16-25 dpm/kg for how-
ardites. The 26Al concentrations are on the low end of the howardite range of 60-100 dpm/kg, while the difference 
between the two samples is partly due to the higher Al content of LAP 10018. The 36Cl concentrations, are close to 
the expected 36Cl production rates of 10-12 dpm/kg. When normalized to the main target elements for 36Cl produc-
tion (Fe, Mn, Ti, Ca and K), the two samples yield normalized 36Cl concentrations of 18-19 
dpm/kg[Fe+1.2Mn+3Ti+8Ca+16K]. Compared to a saturation value of ~23 dpm/kg, these values correspond to a 
terrestrial age of ~100 kyr for the two howardites. Combined with the low 10Be and 26Al concentrations, these results 
suggest that the two meteorites are most likely paired fragments of a single howardite fall. The most plausible ex-
planation for the low 10Be concentrations is that these two meteorites had a CRE age of 1.1-1.5 Myr. This implies 
that the paired LAP howardites have the shortest CRE age of all HED meteorites. Since asteroid 4 Vesta is not in a 
favorable location to quickly deliver ejected material into Earth-crossing orbits, it is more likely that the two LAP 
howardites were ejected from one of the vestoids, either one that is very close to the resonances or one that is al-
ready in Earth-crossing orbit. This scenario is consistent with a quick delivery to Earth [10]. 
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Table 1. Concentrations of major elements (in wt%) and of cosmogenic radionuclides (in dpm/kg) in LaPaz howardites. 
LAP Mg Al K Ca Ti Mn Fe Ni 10Be 26Al 36Cl 36Cl* 
10018 8.8 3.93 0.009 4.49 1.05 0.42 15.6 0.06 10.45±0.08 65.2±0.9 10.0±0.2 18.1±0.4 
10060 9.9 3.36 0.009 3.69 0.20 0.39 16.3 0.29 10.39±0.08 58.2±0.8 8.8±0.2 18.8±0.4 
*normalized to Fe+1.2Mn+3Ti+8Ca+16K, in which all concentrations are in weight fraction. 
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