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Neutron capture by stable isotopes with large cross sections 

(e.g. 149Sm, 155Gd and 157Gd) has been used in combination with 
in-situ measurements of the neutron flux [1] to study the evolu-
tion of the lunar regolith, so-called ‘neutron stratigraphy’[2]. 
These procedures determine the time integrated neutron expo-
sure, ∫φ(t).dt, of a sample but provide no direct indication of 
when that exposure occurred. 235U differs from Sm and Gd as a 
target in that its abundance was much higher in the past, a factor 
of 64, 4 billion years ago and fissiogenic xenon production is 
determined instead by, ∫φ(t).exp(λt).dt.  For a sample experienc-
ing a single stage irradiation with uniform flux, φ, between times 
t1 and t2 these expressions become respectively, φ.(t1 – t2) and 
φ/λ.(exp(λt1) – exp(λt2)). Measurement of 150Sm/149Sm and 
134Xenf/U in the same zircon sample would permit a determina-
tion of the ratio, A =  (exp(λt1) – exp(λt2))/(t1 – t2).  For a brief 
irradiation, where t1 ~ t2 = t, this simplifies to; t = 1/λ . ln(A/λ).   

Neutron fission of 235U in lunar regolith samples has previ-
ously been used in conjunction with cosmogenic noble gases to 
demonstrate pre-exposure of lunar soils and to determine the time 
dependence of 40Ar/36Ar in ‘solar wind’ implanted argon [3].  
These measurements were based on 136Xe production in ‘bulk’ 
samples of mineral concentrates on account of the generally low 
abundance of uranium. The use of the resonance ionization mass 
spectrometer, RELAX [4], to measure the individual  xenon con-
tributions, from spontaneous fission of 238U and 244Pu and neu-
tron-induced fission of 235U, in single terrestrial zircons has re-
cently been demonstrated [5] [6].  This analysis is possible be-
cause of the high concentration of uranium, ~200ppm, the very 
small corrections for trapped xenon, and the high sensitivity of 
RELAX. The neutron fluences employed in [6] were comparable 
to those in the lunar surface and suggest that the technique might 
be usefully adapted to study neutron exposure on the Moon.  Zir-
cons of sufficient size to carry out xenon analyses appear to be 
present in sufficient numbers in the lunar sample collection [7]. 
U abundance may be estimated from 134Xe from spontaneous fis-
sion of 238U and a knowledge of the U-Pb age of the zircon.   

Possible applications include; studies of the surface residence 
history of ancient highland regolith breccias and regolith forma-
tion during the time of the late heavy bombardment; regolith dat-
ing of lunar meteorite breccias; a quantitative investigation of the 
recent suggestion that lunar soil breccias, from the Earth facing 
lunar surface, may contain terrestrial atmosphere entrained 
within the solar wind during times of low or zero magnetic field.  
The  procedures described should also lead independently to im-
proved estimates of the lunar Pu/U ratio, which was the original 
motivation. 
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