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1. INTRODUCTION 

This chapter is a compilation of physical constants 
that pertain to the application of long-lived radioactive 
isotope systematics in the earth sciences. Literature 
reviews ate included for determinations of radioactive decay 
constants and stable isotope ratios for eleven parent- 
daughter decay pairs including K-Ar, K-Q Rb-Sr, La-Ce, 
La-Ba, Sm-Nd, Lu-Hf. Re-Os, 235U-Pb, 238U-Pb, and 
Th-Pb. Decay constant data for subsets of these eleven 
isotopic systems have previously been reviewed by 
Aldrich and Wetherill[2], Wetherill [84], and Gale [22]. In 
1976 the International Union of Geological Sciences - 
Subcommision on Geochronology (hereafter IUGS-SOG) 
met in Sydney, Australia and agreed to adopt a stand‘ard set 
of decay constants and isotopic abundances for the five 
isotopic systems in common use at that time (K-Ar, Rb- 
Sr, 235U-Pb, 23*U-Pb, and Th-Pb). These 
recommendations were published by Steiger and Jager [76] 
and have been included in the following chapter. Six 
additional isotopic systems have come into more common 
use since that time largely due to advances in the 
analytical techniques used for isotopic analysis. Data for 
these six isotopic systems are reviewed in detail and 
recommendations are made for the adoption of a common 
set of decay constants and isotope ratios for all eleven 
systems. Recent reviews of the applications of long-lived 
radioactive isotope systematics in the earth sciences are 

J. E. Blum, Dartmouth College, Department of Earth Sciences, 
Hanover, NH 03755 

Global Earth Physics 
A Handbook of Physical Constants 
AGU Reference Shelf 1 

Copyright 1995 by the American Geophysical Union. 271 

provided by Faure [191, Bowen 151 and Geyh and 
Schleicher [24]. 

1.1. Decay Equations 
The rate of decay of a radioactive nuclide is 

proportional to the number of parent atoms (Np) present 
at any given time. Thus we can write the relationship 

dNp/dt=-hNp (1) 

where 3L is a decay constant specific to a given parent- 
daughter pair. For a closed system the expression c&an be 
written with respect to the number of daughter isotopes 
VD) as 

dND/dt=hNp. (2) 

In the case of branching decay, where a parent nuclide (P) 
decays to two daughter nuclides (D’ and D” with decay 
constants h’ and h”) the expression becomes 

dNp/dt=-h’Np-h”Np=-31Np (3) 

where h= h’+h”. 

Integration of equations (1) and (2) from some time 
zero (0) (when the isotopic decay clock is started) to the 
present time (t) yields 

Np(t) = Np(0) e-k (4) 

ad 

ND(t) = ND(O) + Np(0)[le-ht] 

which can be combined to give 

(5) 
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ND(t) = ND(O) + Np(t)[eht-11. (6) 

Similarly, for branched decay we obtain 

ND*(t) = ND’(O) + (h’A)Np(t)[eht-11 (7) 

Equation 6 can be solved for t yielding the so-called “age 
equation” 

t = 1A In [(ND(t) - ND(O)) / Np(t) + l] 03) 

Thus, the age of a geological event can be determined for a 
closed system by measuring ND(t) and Np(t) in a sample 
in the laboratory if the value for ND(O) can be either 
assumed to be zero or determined using an isochron. 
Isochron determination of ND(O) can be accomplished if 
the element corresponding to D also has an isotope I 
(index isotope) that is not affected by radioactive decay 
(i.e., no radioactive precursor). In this case 

N(t) = W(O) (9) 

and by substitution, equation 6 may be written in the 
following form which is known as the “isochron 
equation” 

ND(t) /IWO = ND(O) / Nl(0) + Np(t) / NI(t) [eLt-11. (10) 

If we have two or more mineral or rock “systems” which 
had the same ND(O)Ml(O) we may solve for the age of the 
initial state. 

In addition to isochron ages, model ages are also 
frequently utilized in the earth sciences. A model age is a 
measure of the time at which a closed system last had the 
isotopic composition of a given model reservoir. They are 
calculated by setting the right hand side of equation 10 
equal to an expression describing the change of ND(t)&(t) 
in a model reservoir with time, and solving for t. Thus, 
model ages may be referenced to any reservoir for which 
ND(t)&+(t) can be estimated as a function of time. Model 
ages are frequently referenced to models for the isotopic 
evolution of the earth’s mantle to estimate the time at 
which crustal materials separated from a mantle reservoir. 

1.2. Experimental Methods and Background 
In order to apply radiometric clocks to problems in the 

earth sciences several physical constants must be known 
with a high degree of certainty. The most important 
parameters are the radioactive decay constant and the 
relative abundances of the nonradiogenic parent and 
daughter isotopes. Decay constants are usually reported in 

the literature as half-lives (Tt/2) which are related to the 
decay constants (A) by the following equation 

Tl/2 = In (2) / 1 (11) 

Half-lives can be measured using three general approaches. 
1. Laboratory counting experiments in which y, p or a 

particles emitted during radioactive decay are measured 
directly by scintillation counting, by proportional 
counting, in ionization chambers, or by other similar 
methods. 

2. Measurement of the amount of accumulation of a 
daughter nuclide in the laboratory during a fixed time 
period in samples enriched in the parent nuclide. 

3. Isotopic measurement of parent and daughter isotope 
ratios in geological samples and comparison of the 
isotopic evolution of an isotopic system with an 
unkuown (or poorly known) half-life to another isotopic 
system for which laboratory measurements of the half-life 
are available. 

Direct laboratory determinations are preferred over 
geological comparisons with other isotopic systems 
because they are independent of the ambiguities of 
geological interpretation and the necessary assumptions 
that rocks and/or minerals act as perfectly closed systems. 
High precision laboratory determinations have recently 
become available for all of the isotopic systems of interest 
and, therefore, geological comparisons of half-lives will 
be reviewed only for historical context. 

Precise measurements of the isotopic composition of 
parent elements and the nonradiogenic isotopes of daughter 
elements are critical in the determination of half-lives, the 
determination of geochronologic ages, and the correction 
of mass spectrometer isotope ratio measurements for the 
isotopic fractionation that occurs during analysis. For 
those elements that have more than two naturally 
occurring nonradiogenic stable isotopes, mass 
spectrometry data for each mass can be normalized to a 
known isotope ratio using an isotope fractionation law 
[e.g., 69, 841. The choice of the isotopic ratio used for 
normalization is, therefore, an important factor that must 
be considered for interlabontory comparison of the results 
of isotopic studies. For those elements that do not have 
more than two naturally occurring nonradiogenic stable 
isotopes, standard reference materials of known isotopic 
composition must be analyzed under controlled conditions 
to determine the level of isotope fractionation. Unknown 
samples are then run under identical conditions, and a 
mass fractionation correction is applied to tbe data. Thus, 
the choice of isotope ratios for interlaboratory standards 
for some isotopic systems (in particular U-Pb) are also 






















