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KRYPTON ISOTOPES IN NEUTRON-IRRADIATED MINERALS: 
USE IN EVALUATING SAMPLES FOR 87Rbj87Sr DATING 

RESUMEN 

J. G. MITCHELL* 
(Received: 27 October, 1982) 
(Accepted: 3 February, 1983) 

Durante la irradiacion con neutrones rapidos, en preparacion para estudios de determinacion 
de edad por 40Ar - 39Ar, isotopos de cripton son producidos de rubidio y estroncio presentes 
en minerales silicatos naturales. Mediciones de la raz6n 84Kr/86Kr en muestras irradiadas per
mite la determinacion de su razon Sr/Rb que es un parametro esencial al estirnar lo adecuado 
de los minerales para su posible estudio de Rb-Sr. Interferencias por otros elementos que ocu
rren en la naturaleza son evaluadas y aparecen ser despreciables. 

ABSTRACT 

During fast-neutron irradiation in preparation for 40Ar_39Ar age determination studies, kryp
ton isotopes are formed from rubidium and strontium present in natural silicate minerals. Meas
urement of the 84Kr;86Kr ratio in irradiated samples admits the determination of their Sr/Rb 
ratio which is a parameter essential in evaluating the minerals for possible Rb-Sr studies. Inter
ferences from other naturally occurring elements are evaluated and appear to be negligible. 

*School of Physics, The University, Newcastle upon Tyne, NEJ 7RU, U.K. 
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INTRODUCTION 

This pilot investigation to assess the possibility of determining Rb/Sr ratios in nat
ural silicate minerals was prompted by the interest shown by many geochronolog
ical laboratories in the 40Ar-39 Ar dating method (Mitchell, 1968; Dalrymple and 
Lanphere, 1971; Lanphere and Dalrymple, 1971). In the 40Ar-39Ar dating method, 
mineral samples are subjected to a fast neutron dose of the order of 1018 to 1019cm-2 

(often accompanied by an almost equal thermal neutron flux in a proportion con
trolled by the particular reactor facility being utilised, and whether or not cadmium 
shielding of the samples is being employed). 39Ar is produced from 39K in a (n, p) 
reaction [of zero threshold and mean cross-section to fission neutrons of ca. 100mb] 
and the potassium-argon age of a sample can be measured in terms of argon isotopic 
ratios using a gas-source mass spectrometer (Mitchell, 1968). Interfering reactions 
arising in such an irradiation, from othec naturally occurring elements with atomic 
numbers around 19, have been discussed in detail by Brereton (1970) and Dalrym
ple and Lanphere (1971). Such a fast neutron irradiation will also produce isotopes 
of krypton from rubidium and strontium (as well as from other elements with neigh
bouring atomic numbers), and as will be demonstrated, krypton isotopic ratios may 
be utilised to establish the Rb/Sr ratio in an irradiated mineral. This parameter is 
essential in the evaluation of the suitability of a mineral for possible 87Rbj87sr dat
ing studies, and in the procedure described here, could be determined on the same 
extracted gas sample used for the 40Ar-39Ar age determination. 

PRINCIPLES OF TECHNIQUE 

Table 1 summarises the principal neutron-induced reactions in nuclides having 
atomic number between 35 and 39, and the table forms the basis of an account of 
the analytical procedure, and of a discussion of potential interfering reactions. 

The six reactions giving rise to isotopes of krypton utilised in this procedure are 
as follows: 

85 
37

Rb (n, d) 84 
36Kr 

87 
37Rb (n, d) 86 

36Kr 

87 
37Rb (n, a) 84 

35Br 

84 84 
38Sr (n, p) 3~b 

~-

T1= 33min 
84Kr 

"!" 

E.C. 
34 day 

84 
36Kr 

Threshold 4.92 MeV 

Threshold 6.47 MeV 

Threshold 1. 22 MeV 

Threshold 0.13 MeV 
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87 84 
38Sr (n, a) 3t<-r Threshold zero 

Threshold 8.00 MeV 

in which the atomic yields of the krypton isotopes 84 and 86 can be expressed as: 

84Kr = Rb {I85Rt:.tftj>(e)a(n,d)de+I87Rlltfrp(e)a(n,a)de} 

+ Sr { I84s t:.tf cp(e)a(n,p)de+ Is1slltf rp(e)a(n,a)de+ Issslltf rp(e)a(n,na)de} 

and 

86Kr = Rb I87R Llt f rp(e)a(n, d)de 

where Rb and Sr denote the atomic abundances of the respective elements and Isss, 
I87R, etc., denote the isotopic abundances of the specified atomic number in stron
tium and rubidium respectively. I/!( e) is the neutron flux per unit time, a(n, a) etc., 
are the cross sections (functions of energy) of the respective reactions and t:.t is the 
duration of the irradiation. Integration is performed over all neutron energies. In 
any given irradiation of a suite of samples in which the individual isotopic abun
dances are uniform, these last two equations may be written 

84Kr = C1 Rb + C2 Sr 

where C1 , C2 , C3 are constants peculiar to-the irradiation. 

Whence 

(1) 

i.e. in a set of samples experiencing the same irradiation, a linear relation should, in 
principle, exist between the induced 84Krj86Kr ratio and the Sr/Rb ratio in any 
sample. It should be noted that the effect of a neutron flux gradient over a group 
of samples irradiated in this way does not affect the values of either the intercept 
or the gradient of the linear relationship, both of which are constants provided the 
shape of the neutron spectrum does not vary. · 
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thermal neutrons using the "thermal. column" facility of the "Herald" reactor at 
AWRE, Aldermaston, U. K. This fast neutron dose is typical of those used in the, 
40Arj39Ar dating method. While the Thermal/Fast neutron ratio is about a factor 
three higher than might be experienced during an in-core fast-neutron irradiation, 
it is not considered to be significant in determining the outcome of the experiment. 
Weights of sample mixtures were typically 0.2 gm and Sr/Rb ratios of between zero 
and four were studied. This range of values was selected by virtue of it representing 
the typical variation of this ratio in terrestrial rocks (excluding mafic and ultramafic 
rocks) (Faure and Powell, 1972), and, in addition, the analytically "acceptable" 
range of this ratio when dating rocks of lower Palaeozoic or Precambrian age, would 
be typically 0.1 to 1. Natural levels of rubidium and strontium in silicate whole 
rocks are commonly 50 to 500 ppm, and though no attempt has been made in this 
pilot investigation to reproduce these abundances, extrapolation of the measure
ments is valid, as will be demonstrated later in this report. 

RESULTS AND DISCUSSION 

Table 2 shows the isotopic yields of krypton for the range of Sr/Rb ratios used. The 
analyses were performed using an on-line gas extraction system similar to that de
scribed by Miller and Brown (1965) coupled to an MS10 mass spectrometer which 
incorporated a 0.45 T magnet (Rex and Dodson, 1970), and operated under static 
conditiohs. All the data are arbitrarily normalised to the (largest) 8~ abundance. 
Estimates of the absolute yields of krypton isotopes were made based on calibra
tion of the mass spectrometer sensitivity using break-seals of atmospheric krypton. 
About I0-6mm3 (STP) of 84Kr and 86Kr were produced in each irradiated sample. 
Consideration of the atmospheric krypton isotopes, specifically 86Kr (17 .37% by 
volume of atmospheric krypton) and 86Kr (11.55% by volume of atmospheric 
krypton), indicates that since 86Kr was not detected in the mass spectrum obtained 
from irradiated strontium fluoride, and 83Kr was not detected in the irradiated rub
idium chloride, the contribution of atmospheric krypton to the mass spectra is neg
ligible at these levels of neutron-induced krypton. 

It is apparent from the spectra obtained that 86Kr is produced uniquely from 
rubidium, and hence may be used to characterise this element. 84Kr is, however, 
produced from both rubidium and strontium, though the very large yield from 
strontium through presumably low-threshold (n, p) and (n, a) reactions, makes it 
particularly useful in characterising the element. The presence of 84Kr in irradiated 
rubidium chloride does not preclude the possibility of using this isotope to deter
mine Sr/Rb ratios, but may imppse a lower limit on the applicability of the pro
posed method when the 84Kr yield from strontium is small. 
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Fig. 1 shows the isotopic data from the group of irradiated samples with 1a er
ror bars attached. It is evident that at the 2a confidence limit, all of the data would 
conform to the linear relationship predicted by eq.(l). The method would, in prin
ciple, therefore admit the determination of Sr/Rb ratios in any similar sample by de
termining their 84Krj86Kr after irradiation, provided two suitable monitors of known 
Sr/Rb ratio (to defme the "calibration" curve) are irradiated at the same time. 

1-9 

.. 1-7 
Kr 

a& Kr 

1-4 

1-3 L-------1-:------:-'-::-----:-::----:'-;:-----:;' 
0-00 1-0 2-0 Sr 3-0 4-0 5-0 

Rb 

Fig. 1. 84Kr/86Kr isotopic ratios in irradiated rubidium and strontium mixtures. 

The extrapolation of the method described here, to samples containing "natural" 
levels of rubidium and strontium (ca. 100 ppm, say) is evidently possible. In the 
samples analysed here, HJ'1 gm of each element produced typically 1<r)mm3 (STP) 
of each isotope utilised. Thus in a 1 gm natural sample containing 100 ppm of rub
idium or strontium (i.e. 1o-4gm in absolute terms) krypton isotopic abundances of 
1~mm3 (STP) would be formed during irradiation, a level which can be conven
iently measured on an MS10 instrument such as has been described [see for exam
ple, Mitchell-and Terrell, (in press)]. Enhancement of the sensitivity of the method 
could naturally be achieved by increasing the neutron dose, thus providing a poten
tially valuable "spin-ofr' to the determination of40Ar-39Ar ages. 
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