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1. INTRODUCTION

Radioactive elements found in the crust and mantle
form the basis for several major applications in
geophysics and geochemistry. Direct use of natural
radionuclides and their decay products can be grouped
into three main categories: (1) geochronology and
cosmochronology, (2) understanding radiogenic heat
production and the thermal history of the Earth, and (3) as
tracers in various geologic processes, including
differentiation of the Earth. The information summarized
here focuses primarily on the four major, naturally
occurring, radioactive nuclides 4OK, 235U, 238U, and
232Th (Table 1), selected intermediate daughter products,
and their applications in category 2. Geochronologic
applications are covered in a separate chapter, and both
geochronologic and geochemical tracer applications are
well covered by Faure [6].

2. ABUNDANCE OF NATURAL RADIONUCLIDES

Compilations of K, U, and Th abundances in rocks and
minerals are common, and that of Clark et al. [3] is an
excellent summary of knowledge to that time. The major
improvements in our understanding of these abundances
since 1966 have come about through development of
better analytical techniques for samples with low
abundances of these elements, better understanding of the
processes governing the distribution of these elements in
terrestrial and extraterrestial materials, and better
definition of bounding conditions (e.g., mean annual heat
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flow) that set limits on the abundances of these elements
in the Earth. Thus, in some respects this summary will
not differ significantly from earlier compilations, whereas
in other respects it will present our current best estimates
of the abundances involved.

Potassium is an important consitituent of the Earth. As
one of the alkali metals (Li, Na, K, Rb, and Cs), with an
ionic radius of ca. 1.6 angstroms, it is one of the so-called
large ion lithophile (LIL) elements and tends to be
concentrated in evolved crustal rocks such as granites and
shales, where it is an essential constituent of several
common rock-forming minerals (Table 2). Uranium, with
an ionic radius of ca. 1.0 angstroms, and thorium, with an
ionic radius of ca. 1.05 angstroms, are also LIL elements,
but their lower overall abundances (Table 3) mean that
minerals containing U or Th as essential constituents are
found only as trace minerals in common rocks or as
minerals in primary or secondary mineral deposits (Table
2).

In the broader context, it is not individual minerals that
are important, but their host rocks. Table 3 lists K, U, and
Th abundances for a variety of common crustal rock types
or rock suites. Rb and Sm are two other radioactive
nuclides used for geochronology, and representative
abundances for these two elements are also included in
Table 3, even though their contributions to general
radioactivity of the crust are negligible and are not
discussed further in this chapter. As is the case for
minerals, the abundances of a given trace element in rocks
can vary over a several orders of magnitude. The
abundances given in Table 3 should therefore be
considered as representative of crustal rocks and rock
types in general, but caution must be used in attaching too
much significance to a single example. For example, the
high Th contents for G-1 and GSP-1 represent the higher
end of the abundance spectrum, and the mode is probably
about 10 to 20 ppm Th for felsic rocks (Table 3). Results
for average crustal rock types are probably more
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a: Percents except as noted: *** = 0.5-3%; ** = 0.1-0.5%; * = 0.001-0.1%. See also [4, Appendix].
























