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Introduction: Thermalized neutrons (E<0.1 eV) are produced by the interaction of cosmic rays with the surficial 

materials of planets.   The thermalized degree of arising neugrons depends largely upon the chemical compositions 
and the size (depth) of the target materials [1,2]. Recent isotopic studies suggest that the neutron energy spectrum is 
richer in high-energy region (E>0.1 eV) than that proposed by previous study [3-5].  Since 149Sm, 155Gd and 157Gd 
have very large thermal neutron capture cross sections, their isotopic variations induced from the neutron capture 
reactions of 149Sm(n,)150Sm, 155Gd(n,)156Gd and 157Gd(n,)158Gd can be useful indicators to understand thermalized 
degree of the arising neutrons [6,7].  On the other hand, 161Dy, 164Dy, 167Er and 168Yb are sensitively react with 
epithermal neutrons, because they have significant resonance integrals in the energy range above thermal energies 
[3,5].  In this study, isotopic analyses of Sm, Gd, Dy, Er and Yb in a series of lunar surface materials were 
performed to reconstruct a neutron energy spectrum on the lunar surface.  A combination of the isotopic data set 
from individual lunar samples is expected to provide a detailed information on the neutron energy spectrum on the 
surface of the moon.           

Samples and Experiments: Deep lunar drill samples of Apollo mission have been effectively used to 
understand the interaction of cosmic rays with depth-dependence in the lunar surface [6-10], because the depth of 
each sample is well documented.  Seven lunar soils with different depths in the drill core samples taken from the 
Apollo 15 (A-15) landing site, 15001.375, 15002.747, 15003.74, 15004.129, 15005.129, 15005.14, 15006.310, were 
used in this study.  The A-15 samples were often used to study the interaction of cosmic rays with lunar surficial 
materials as a function of depth, because they have not been disturbed by major impact in the last 500 Ma [6]. Each 
sample weighed 30 to 40 mg was decomposed by HF-HClO4 with heating.  The sample solution was divided into 
two portions: A minor portion for the determinations of elemental abundances by ICP-MS and another major portion 
for the isotopic work by TIMS.  Through a two-step of column chemistry using cation exchange resin and 
lanthanide-specific (Ln) resin, Sm, Gd, Dy, Er and Yb were chemically separated for the isotopic analyses.  A 
TRITON TIMS equipped with nine Faraday cup collectors was used for the determination of the isotopic 
compositions of Sm, Gd, Dy, Er and Yb. The isotopic data were corrected for instrumental mass fractionation by an 
exponential law. 

Results and Discussion: As already reported in previous studies [6,7], the isotopic variations of 150Sm/149Sm, 
156Gd/155Gd and 158Gd/157Gd are functions of depth with a maximal peak at the depth around 190 gcm-2.   In addition, 

isotopic shifts of 164Dy/163Dy and 168Er/167Er also showed a similar trend in A-15 samples, while those of 162Dy/161Dy 

were unclear.  From the detailed comparison of the isotopic data set between Sm and Gd (thermal) and Dy, Er and 

Yb (epithermal) may help to reconstruct a fine structure of the neutron energy spectrum at the surface of the Moon.  

The isotopic measurements of Yb are now in progress.   

References: [1] Lingenfelter R.E. et al. (1972)  Earth Planet. Sci. Lett. 16: 355-369. [2] Spergel MS. et al. 

(1986)  J. Geophys. Res. 91: D483-D494. [3] Albalat E. et al. (2012) Earth Planet. Sci. Lett. 355-356: 39-50. [4] 

Kruijer T.S. et al. (2013)  Meteoritics & Planetary Science 48: 2597-2607. [5] Albalat E. et al. (2015) Earth Planet. 

Sci. Lett. 429: 147-156. [6] Russ P.G. et al. (1972) Earth Planet. Sci. Lett. 15: 172-186. [7] Hidaka H. et al. (2000) 

Meteoritics & Planetary Science 35: 581-589.  [8] Imamura M. et al. (1973) Earth Planet. Sci. Lett. 20: 107-112. [9] 

Nishiizumi K. et al. (1984) Earth Planet. Sci. Lett. 70: 157-163. [10] Nishiizumi K. et al. (1997) Earth Planet. Sci. 

Lett. 148: 545-552. 

6104.pdf81st Annual Meeting of The Meteoritical Society 2018 (LPI Contrib. No. 2067)


