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Introduction: Aubrites show very long cosmic-ray exposure 
(CRE) ages, up to ~120 Myr, which are poorly understood, since 
aubrites seem to be very fragile. Recent studies [1,2] revealed that 
many aubrites show large isotopic shifts in Sm and Gd due to neu-
tron-capture reactions. These large isotopic shifts are believed to be 
mainly due to exposure on the aubrite parent body (APB) [2]. In 
this work we present 41Ca results in aubrites to determine the ther-
mal neutron flux in space (4π). We compare these fluxes with total 
neutron fluences [1,2] and noble gas CRE ages [3] to unravel the 
CRE history of aubrites in space (4π) and on the APB (2π). 

Results and Discussion: Most aubrites show very low contri-
butions of neutron-capture 41Ca (<0.1 dpm/gCa), indicating they 
were relatively small objects in space (R<30 cm). The only excep-
tions are Norton County (NC) and Cumberland Falls (CF), which 
show neutron-capture 41Ca contributions of 0.4-0.9 dpm/gCa (NC) 
and ~3 dpm/gCa (CF), respectively. The values in NC are much 
lower than those reported in [4], indicating our samples came from 
much closer to the surface (<5 cm). The high neutron-capture 41Ca 
in CF confirms that this aubrite had a large pre-atmospheric size 
[5]. Based on a CRE age of ~60 Myr for CF [3], we calculate a 
total thermal neutron fluence of ~1.5x1016 n/cm2 during 4 -
exposure. This value is still a factor of 2.7 lower than the one based 
on the Sm-Gd isotopic shifts [1]. Also for other aubrites, the total 
neutron fluences derived from neutron-capture 41Ca are lower than 
those given in [1,2]. This confirms that the high neutron fluences 
found in many aubrites can not be explained by exposure in space 
alone, but must be due to a previous exposure on the APB. Assum-
ing that the aubrites were exposed at an average depth of ~150 
g/cm2 (at the maximum thermal neutron flux) on the APB, we find 
minimum 2π-exposure ages of 24 Myr for NC, 45 Myr for Mayo 
Belwa (MB), 57 Myr for Bishopville, 70 Myr for Pesyanoe and 
~105 Myr for CF. Despite significant exposure times on the APB, 
most of the 21Ne in NC and MB must have been produced during 
4 -exposure, yielding 4π exposure ages of 90-100 Myr. 

An alternative explanation for the high Sm-Gd isotopic shifts 
in some aubrites is that they changed in size during their long irra-
diation in space, either due to a single break-up event or due to 
space erosion. We tested the space erosion hypothesis for our sam-
ple of NC, which came from <5 cm from the surface of an object 
with a pre-atmospheric radius of ~60 cm. We conclude that the 
neutron fluence of ~1.2x1016 n/cm2 reported by [1] can be ex-
plained by a space erosion rate of ~0.5 mm/Myr, which is similar to 
the value of 0.65 mm/Myr for stone meteoroids determined in [6]. 

Conclusions. Many aubrites were exposed on the surface of 
the APB before irradiation in space. Despite a significant exposure 
on the APB, some aubrites still have long CRE ages as m-sized 
objects in space. This conclusion provides constraints on the colli-
sional lifetime of aubrites and their delivery mechanism to Earth. 
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