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Introduction



Dating methods
• Radiocarbon (14C)

• Radioberyllium (10Be/9Be)

• In-situ cosmogenic isotopes (10Be, 26Al)

• Potassium-Argon (40K-40Ar)

• Uranium-series

• Luminescence (TL, OSL, ESR)

• Fission track dating

• Amino Acid Racemization

• Archeomagnetism dating



Microanalytical 
methods

• X-ray microtomography 

• Ion beam analysis 

• Neutron tomography 

• X-ray microfluorescence    

• x-ray diffraction    

• Laser Ablation Inductively Coupled Plasma Mass Spectrometry   



Exploration

• Satellite   

• Geo-radar 

• Laser scanning  
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Radiation 
๏Cathode rays

✤ Discovered J. Hittorf 1869

✤  Kathodestrahlen E. Goldstein,1876

✤ ‘Corpuscles’ 1897 (J.J. Thompson),     
negatively charged, ~1800 times 
lighter than hydrogen atom

✤ Electrons



Radiation

✤ X-rays W C Roentgen 1895

✤ ‘Uranium rays’ H Becquerel 1896

✤ ‘Radioactivity’ P & M Curie 1898



Radiation
Radiation passing through a 
magnetic field shows that 
massive, positively charged 
alpha particles are deflected 
one way, and less massive beta 
particles with their negative 
charge are greatly deflected in 
the opposite direction. Gamma 
r a y s , l i k e l i g h t , a re n o t 
deflected.



Basic equations of mass spectrometry

21

2
mv zV=

2
/F mv R=

F Bzv=

2
/mv R Bzv=

2 2
/ / 2m z B R V=

Ion’s kinetic E function of accelerating voltage (V) and charge (z).

Centrifugal force

Balance

Fundamental equation of mass spectrometry
Combine equations to obtain:

Change ‘mass-to-charge’ (m/z) ratio by
changing V or changing B.

NOTE:  if B, V, z constant, then:

r m∝R



Radiation

• beta particles  (β) Rutherford 1898

• alpha particles (α)            “          “

• gamma rays (γ)             Villard 1900



              

              



Radiation

• neutrons  J. Chadwick (1932)

• positrons C. Anderson (1932)

• muons J C Street & E C Stevenson (1937)



Victor Hess, 1912

Victor Hess 
baloon flights  

to 5000 m 



Natural Radioactivity & Ionising Radiation

Radioactivity: Atomic nuclei spontaneously
 emit ionising radiation

Ionising radiation: Particles or 
electromagnetic waves that can deposit 
energy creating free electrons and ions 

Origin: terrestrial (U, Th, K-40, cosmogenic) 
and extraterrestrial (solar, galactic) 
 

Every second, at least one muon, a particle 

like an electron but about 200 times heavier, 

crosses your body.

http://www.atral.com/U238.html



N(t) = Noe - λt

N(t), number of radionuclides at time t

No,  number of radionuclides at t=0 

λ,  decay constant.

Radioactive decay 
(Rutherford, Soddy, 1908)



The decay constant λ is related 

to the half life t1/2  by:

D
Dansgaard-Oeschger Events see Paleoclimate Reconstruction: Paleodroughts and Society
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Introduction

There are a number of important dating methods
used for Quaternary studies. Many of these subjects
are discussed in detail in the articles of this
Encyclopedia. The purpose of all of these methods
is to estimate the age of the material of interest.
Sometimes, the need is for the age determination to
be very precise; in other cases, relative age or approx-
imate age may be sufficient. Hence, the purpose of
this article is to summarize those methods and discuss
briefly their advantages and deficiencies. Figure 1
summarizes the age ranges covered by different dat-
ing methods.

The dating methods can be subdivided into three
main categories:

1. radioactive nuclide methods (Table 1),
2. radiative dosimetry methods (Table 2), and
3. qualitative and comparative methods (Table 2).

Each of these methods discussed in separate sections
is subdivided into the specific methods, and cross-
references to the more detailed articles which deal
with these methods are also given.

Radioactive Nuclides

The most important collection of methods for
Quaternary dating involve radioactive decay, or in
some cases the buildup of radioactive species. Since
radioactive nuclides will increase or decrease with
time, we can use the concentration of the specific
nuclide to estimate the age of the material.

Radioactive species can be produced by two differ-
ent kinds of nuclear processes: radioactive decay of a
parent nuclide or production by nuclear reactions as
a result of exposure to cosmic or other radiation.

Radioactive Decay

For example, in the simple case of the study of a
nuclide present in its maximum concentration at
the creation of the material, such as radiocarbon
dating, the number of 14C atoms will decay with
time, according to the radioactive decay equation,
originally shown by Ernest Rutherford (Dickin,
1995):

dn=dt ¼ – lN ½1#

where the decay rate is proportional to the number of
radioactive atoms present (N). The ‘decay constant’ l
defines the rate of decay. It is usual to refer to the
‘half-life’ of the radionuclide, the time for half of the
remaining atoms to decay, which is related directly to
the decay constant:

t1=2 ¼
ln2

l
½2#

If Eqn [1] is integrated, within the limits N ¼N0 at
t ¼ 0 and N ¼ 0 at t ¼ 1, the result is a more
common form:

N

N0
¼ e – lt ½3#

where N0 is the number of atoms at time t ¼ 0 and N
is the number of atoms at any time t.

Ingrowth of a Radionuclide

Ingrowth of a radioactive species occurs when it is
produced either from the decay of another nuclide, or



Determining	Half	Life

• N	=	N0	exp(-λt)	
• Solve	for	N	=	N0/2	
• N0/2	=	N0	exp(-λ t1/2)	
• ½	=	exp(-λ t1/2)	
• -Ln(2)	=	-λ t1/2	
• 	t1/2	=	Ln(2)/λ	=	0.693/λ	



Half-Life
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alpha radioactivity



beta radioactivity
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gamma radioactivity
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Nuclear reactions 
(Rutherford 1919)
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Dating methods



Radiometric dating
• 1905: Rutherford first to use U to measure age using 

helium accumulated in U-rich minerals; he obtains an 
age of 500 ka (but helium leaks ...only minimum age 

• Boltwood measured lead in uranium minerals  

• 1911: Arthur Holmes obtaines first U-Pb age of 370 
Ma in rock from Norway 

• Almost all dating now involves use of mass 
spectrometers (developed in 1940’s)



Radioactive nuclide 
methods

• Radioactive decay, e.g. Radiocarbon dating 

• Ingrowth radionuclide, e.g. Potassium-argon



Radiative dosimetry 
methods

• TL 

• OSL 

• ESR 

• Fission track



Dating methods
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luminescence

amino acid racemisation

electron spin resonance

                            



Dating materials



Microanalytical 
methods
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OPTICAL MICROSCOPY
PHOTOGRAPHY
ELECTRON MICROSCOPY
INFRARED SPECTROMETRY
X-RAY DIFFRACTOMETRY
CHROMATOGRAPHY
COLORIMETRY
RADIOGRAPHY
X-RAY FLUORESCENCE ANALYSIS
ENVIRONMENTAL WEATHERING
VISIBLE ULTRAVIOLET SPECTROMETRY
DIGITISATION OF IMAGES
COMBINED CHROMATOGRAPHY / MASS SPECTROMETRY
MASS SPECTROMETRY
THERMAL ANALYSIS
MECHANICAL TESTING
MATERIALS
RAMAN SPECTROMETRY
ATOMIC EMISSION SPECTROSCOPY
DATING TECHNIQUES
ATOMIC ABSORPTION SPECTROSCOPY
NON-DESTRUCTIVE TESTING
ION BEAM ANALYSIS
SURFACE ANALYSIS TECHNIQUES
SYNCHROTRON RADIATION EXAMINATION
ATOMIC FORCE MICROSCOPY
MOESSBAUER ANALYSIS
ACTIVATION ANALYSIS
MICROBIOLOGICAL ANALYSIS
NUCLEAR MAGNETIC RESONANCE ANALYSIS OR IMAGING
PHOTOGRAMMETRY
OTHER TECHNIQUES



relative frequency of use of groups of techniques
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