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Introduction:  The production rates of spallogenic 10Be, 14C, 
26Al, and 53Mn in the L-chondrite Knyahinya were investigated us-
ing the MCNPX code. These cosmogenic nuclides had been meas-
ured in many Knyahinya samples [1,2,3]. Knyahinya’s pre-
atmospheric size and the samples’ locations are well known [1], thus 
Knyahinya is a good test case for cosmogenic-nuclide production-
rate calculations [e.g., 2,4]. 

Calculations:  The MCNPX (Monte Carlo N Particle eX-
tended) code [5] combines the latest versions of the LAHET code 
for high-energy particle transport and the neutron code MCNP that 
were used by Masarik and co-workers [e.g., 2,3,6]. Using version 
2.4.b of the MCNPX code with its default parameters, fluxes of 
protons and secondary neutrons were calculated for a series of 14 
concentric spherical shells inside a 45 cm sphere assuming a density 
of 3.7 g/cm3 and an L-chondrite bulk composition. The spectral 
shape of the incident galactic-cosmic-ray (GCR) protons was the 
same as that of [6].  

Production rates of cosmogenic nuclides were then calculated 
using these neutron and proton fluxes, compositions of the analyzed 
Knyahinya samples (bulk [1,3] or non-magnetic and magnetic frac-
tions [2]), and our most-recent sets of neutron and proton cross sec-
tions for all target-product combinations. These calculated depth 
profiles are well fitted with 5th-order polynomial equations.  

Discussion:  Our calculated production rates were compared 
with the measured concentrations [1,2,3]. We first determined the 
effective proton flux needed to match the measurements for each 
nuclide. These individual effective proton fluxes have some scatter 
but are not very different than previously reported values [2,4]. This 
effective primary proton flux, as determined from data for 
Knyahinya and several other well-characterized meteorites, will be 
an important parameter in our future calculations of the production 
rates of cosmogenic nuclides in meteorites. Comparison of this flux 
with the one determined for these nuclides in lunar samples will 
indicate the average GCR gradient over the last ~10 kyr to ~5 Myr.  

The shape of our calculated profiles agreed well with the meas-
ured depth profiles of 10Be, 14C, and 26Al in bulk or non-magnetic 
phases and 53Mn in the metal phase of Knyahinya. Assuming that 
the GCR flux did not change over this time period, the slight spread 
in our J values for various nuclides indicates that work is needed to 
refine our cross sections.  
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