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Principles

40Ar (Renne, K/Ar and Ar/Ar Dating). 40K undergoes a
branching decay to both 40Ar and 40Ca, so it is impor-
tant to revise the simple radioactive decay equation to
take into account the decay via different processes. The
40Ar–39Ar process is based on the same idea as the
K–Ar method, except that neutron activation is used
to estimate the amount of 39K by activation to 39Ar.
The ingrowth of 40Ar is a variant of the ingrowth Eqn
[4], since there is actually a branching decay to 40Ca
and 40Ar from 40K:

40Ar¼ 40Ar initialþ 0:105 40Kð1 – e – ltÞ ½5&

where t is the age and 0.105 is the branching ratio to
40Ar. K–Ar dating has many applications, particu-
larly during the Quaternary to the dating of bones
and tephras.

Cosmogenic Radionuclides

Similar equations to those for ingrowth of a nuclide
also apply to the case of the buildup of a cosmogenic
radionuclide such as 10Be:

N ¼ P

l
ð1 – e – ltÞ ½6&

Here, P is the production rate in atoms/yr and l is the
decay constant (in yr–1). More complex scenarios can
arise where the sample is buried and re-exposed. The
application of cosmogenic nuclide for dating of
Quaternary surfaces and deposits has increased dra-
matically in the past decade (Dickin, 1995; Zreda and
Phillips, 2000), as presented elsewhere (see Exposure
Geochronology).

In the case where the cosmogenically produced
nuclide is stable, the number of atoms produced is
simply N ¼ Pt. There have been a number of studies
of stable noble gas nuclides in various rock surfaces.

Postnuclear Tracers

The radionuclides produced as the result of anthro-
pogenic nuclear activities can be used as tracers for
recent processes. Nuclides such as 137Cs, 90Sr, and
postbomb levels of 14C can be used to date event
horizons since AD 1950. These markers are often of
great use in the study of recently deposited sediments
and other materials. Recent sediment studies are
often done in conjunction with ingrowth of 210Pb
from U-series decay (Cohen, 2005).

Radiative Dosimetry Methods

Radiative dosimetry methods are basically studies by
which we investigate the buildup of radiation damage.
This is usually measured by studying some

luminescence phenomenon. Common methods are
thermoluminescence, optically stimulated lumines-
cence, and electron spin resonance. The techniques
rely on the production of radiation damage in the
substrate (usually a silicate mineral). When these
solids are exposed to ionizing radiation, electron/hole
pairs are formed and some of these become trapped in
the solid.

The luminescence age appears simple enough, and
is constrained by

Age ¼ ED

SD

where ED is the ‘equivalent dose’ (in units of grays,
1 Gy ¼ 100 rad) and S D is the sum of annual doses
from !, ", #, and cosmic radiation (Forman, 2000).
ED is determined in several different ways, including
estimates of the chemical composition of radioactive
sources in the sample, regeneration of an additional
dose of the luminescence signal in the laboratory, and
partial or total bleaching (i.e., removal of the lumi-
nescence signal by exposure to light).

The main problem with luminescence methods is
the number of possible complications which can arise
due to the fact that the original sediment was not
totally bleached by sunlight before the accumulation
of the dose under study, or that later partial bleach-
ing occurs or there is an unexplained loss of the
signal, called ‘anomalous fading’ (Wintle, 1973).

There are two main methods which use radiative
dose: fission-track dating and luminescence methods,
which include methods based on thermolumines-
cence and optically stimulated luminescence (Aiken,
1998). Another radiative dose method which can
sometimes be used is the study of the buildup of
electronic ‘traps’ by ESR (electron spin resonance)
dating (Lee and Schwarcz, 1993). All of these meth-
ods have limitations due to the necessity of accurately
estimating the levels of the source of the radiation,
usually !-particles (from the decay of U) and some-
times #-radiation (Wagner, 1995). These topics are
all discussed in various articles of this Encyclopedia.

Amino Acid Racemization

The technique of amino acid racemization relies on
the kinetics of changes in the symmetry of amino acid
molecules (Miller and Brigham-Grette, 1989). Since
amino acids can have two different optically active
isomers, there is one biologically preferred form
(usually the L-form). After initial deposition, these
amino acids react over time to approach an equal
mixture of D- and L- isomers, which is called a race-
mic mixture (Fig. 4). The decay rates of many of
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t is the age

0.105 is the ‘branching ratio’ to 40Ar



Argon-argon

• 40Ar/39Ar is measured 

• 39Ar produce by reaction  

39K(n,   )39Arγ



Earliest human remains in Eurasia: New  40Ar/39Ar dating of the 
Dmanisi hominid-bearing  levels, Georgia 
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Dmanisi: H. Georgicus



Dmanisi stratigraphy



glass and plegioclase grains



Ar - Ar dating
• grains irradiated in reactor for 2 h (2.5 

x1017 n / cm2

• gas extraction with infrared laser (50 W)

• mass spectrometer 





              3.2  Ma BP (Argon–Argon)
Australopithecus afarensis

30 kg, 110 cm

J. Gurche

30 kg, 110 cm 

brain 375 to 550 cc



Homo ergaster/erectus

70 kg, 175 cm 

brain 800 to 1000 cc

J. Gurche

 2   Ma BP (argon-argon)


