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Fundamentals of radioactivy
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Alpha decay:

Beta decays:

Negative beta decay

Positive beta decay

Electron capturing

Roentgen discovered X-ray (1895), Becquerel and Pierre &Marie Curie observed 
natural radioactivity (1896) at first , Thomson discovered electrons (1897), 
Rutherford and Villard made difference between ionizing radiations on the basis of 
ionizing power and the three types of  radiations  were simply named alpha, beta 
and gamma, for the first three letters of the Greek alphabet. It was only later that 
the radiation was shown to consist of: helium nuclei (alpha decay), electrons or 
positrons (beta decay) and high-energy electromagnetic waves (photons, gamma 
radiation).  



An alpha decay looks like this :

In course of alpha decay a new nucleus is formed by emitting a helium nucleus. The 

new nucleus has an atomic number decrease by two, and a mass number 
decrease by four. 
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In course of negative beta decay one neutron of the unstable nucleus converts into a proton 
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and an electron and an antineutrino are emitted (left). The atomic number increases by one, 

but the mass number does not change. There are two types of positive beta decays: in both 

cases neutron is produced from proton. It can be either by positron emission (middle) or by 

electron capture (right). In the latter an orbital electron is absorbed by a nucleus, effectively 

converting a proton into a neutron. 

After alpha or beta decay, a nucleus is often left in an excited state, that is, with 

some extra energy. It then "calms down" by releasing this energy in the form of  

electromagnetic wave, known as a gamma ray. The energy of this gamma ray is 

typical of the emitting nucleus.
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The energy of gamma ray 

emitted by the metastable Ar 

equals 1.46MeV.

Fundamentals of radioactive disintegration



Alpha particles can usually be stopped by a sheet of paper. Radioisotopes emitting alpha 

particles are usually not hazardous outside the body, however, they can cause damage if  they 
are inhaled or  ingested.

Beta particles (streams of electrons) can pass through a hand, but are usually stopped by a 

modest barrier such as a few millimetres of metal, or even a layer of clothing. Just like , beta 
particles, they are more hazardous if  they are inhaled or ingested.

Gamma radiation can be very penetrating and can pass through thick solid materials. 

Several meters of concrete would be needed to attenuate some of the more energetic gamma 
radiations. One of the most common natural gamma sources found in the environment (and in 

the human body) is 40K, an isotope of potassium. Neutrons are also very penetrating. Some 

elements, like 
Chlorine or  Hydrogen, capture and scatter neutrons. Water is commonly used as a neutron 
radiation shield. (SOURCE: WIKIPEDIA)
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Fundamentals of radioactive disintegration

The rate of decay of N nuclei is linearly proportional 
to the number of unstable isotope N.

denotes the decay constant, N0 is the number of 
nuclei present at t=0.
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The larger the decay constant 
is, the faster the decay will be.



Fundamentals of radioactive disintegration

Relationship between decay constant and half-life T1/2
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The half life is the time taken to reduce the number of parent atoms by 
one-half.

There is an inverse relationship between decay constant and half-life 
and the factor is ln2.



Most important radioactive decays in nature

Sharma: Geophysical methods in Geology (1986)



Instability of the nucleus

KSH ATLASZ



The gray (Gy), with units 
J/kg, is the SI unit of 

absorbed dose, which 
represents the amount of 

radiation required to 
deposit 1 joule of energy 
in 1 kilogram of any kind 
of matter. The sievert
(Sv) is the SI unit of 
equivalent dose. 

Although it has the same 
units as the gray, J/kg, it 

measures something 
different. It is the dose of 
a given type of radiation 
in Gy that has the same 

biological effect on a 
human as 1 Gy of x-rays

or gamma radiation.

Units used in radiometry

SOURCE:WIKIPEDIA

Eisenbud, Gesell: Environmental Radioactivity,1997

http://en.wikipedia.org/wiki/Gray_(unit)
http://en.wikipedia.org/wiki/Systeme_International
http://en.wikipedia.org/wiki/Joule
http://en.wikipedia.org/wiki/Kilogram
http://en.wikipedia.org/wiki/Sievert
http://en.wikipedia.org/wiki/Systeme_International
http://en.wikipedia.org/wiki/Gray_(unit)
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Gamma_radiation


Average effective dose in USA

Eisenbud, Gesell: Environmental Radioactivity,1997



Units used in radiometry

The equivalent dose was defined to give an approximate measure of the 
biological effect of radiation. It is calculated by multiplying the absorbed 
dose by a weighting factor WR which is different for each type of radiation. 

http://en.wikipedia.org/wiki/Equivalent_dose


Binding energy in the function of nucleons number

The greater the average 

binding energy per nucleon is, 

the less the probability of 

disintegration for the nucleus 

will be.

The situation for large mass 

number:

With increasing proton (and 

mass) number the electrostatic 

repelling force will be greater 

resulting in decreasing binding 

energy.  

At relatively small mass 

number the nucleons are 

situated on the surface of the 

nucleus, the binding is less 

between them and nucleons in 

the interior. The exception is 
4He.
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Decay series of 238U (8 alpha, 6 beta disintegration)

The beta decay  of  214Bi is accompanied by a gamma 

radiation of 1.76 MeV.
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Decay series of 232Th (6 alpha, 4 beta disintegration)

The beta decay  of  208Tl is accompanied by a 

gamma radiation of 2.62 MeV.



EM spectrum



Radioactive potassium isotope with atomic weight of 40 and the radioactive elements 

of uranium and thorium series  emit nearly all the natural gamma radiation. We can 

measure either the total natural gamma intensity or we can determine the content of 

them on the basis of selective natural gamma measurement.

Sodium iodide scintillation detector (or "crystal"), which
emits a pulse of light when it is struck by a gamma ray.
The crystal is optically coupled to a photomultiplier tube
that amplifies the pulse of light and outputs a current
pulse. The energy of the pulse is proportional to the
energy of the gamma radiation that caused the pulse.
The spectral gamma tool records both the number of
pulses and the energy level of each pulse.



The determination of K, U and Th content
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The sum of the deviation 
square has to be minimized.



The determination of K, U and Th content
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None of the gamma rays from U and K has sufficient energy to be recorded in the 
Th channel (upper equation). The U channel records gamma rays from U and Th, 
but none from K. It is the K channel which records  gamma rays from K,U,Th. The 
ki are channel constants, S3 is the stripping constant for Th gamma radiation in 
the U channel (middle equation). S2 and S1 are the stripping constants for U and 
Th gamma radiations in the K channel (bottom equation).



Case history

Sharma: Geophysical methods in Geology (1986)



Case history

Sharma: Geophysical methods in Geology (1986)



Case history

Sharma: Geophysical methods in Geology (1986)



Most imortant radioactive elements, minerals and their occurence

Telford,Geldart, Sheriff: Applied Geophysics,1993 



Probably the most imortant 
relationship between 

radiometry and geology

Acid magmatic rocks are usually
more radioactive than
intermediate and basic magmatic
rocks. Ultrabasic rocks are
characterized by the least natural
radioactivity. It can be stated, that
the natural radioactivity of
magmatic rocks is in a good
correlation with the SiO2 content.

The radioactivity of sedimentary
rocks mainly depends on the
radioactivity of the deposited
sediments and the radioactivity of
metamorphic rocks can be
correlated to the radioactivity of
the primary rocks.



Case history (Telkibánya, Hungary)

Silver ore can be found in K trachyte. This rock can be characterized with 
high K and low Th content. 

Kiss, Zelenka (2009)



Case history (Telkibánya, Hungary)

Kiss, Zelenka (2009)



 

Case history



Radiometric dating
Radiometric dating is a technique used to date materials such as rocks or minerals 
usually based on a comparison between the observed abundance of a naturally 
occurring radioactive isotope and its decay products, using  their ratio and known 
decay rates. 
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http://en.wikipedia.org/wiki/Isotope
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Lowrie: Fundamentals of 
Geophysics (2007)
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Rubidium-Strontium method

Rubidium is vaporized, the ions enter an 
evacuated chamber and then accelerated  
by an electrical field (in ion gun); the ion 
beam is subjected to an uniform magnetic 
field. Its trajectory bent to form a circular 
arc of radius r.

Additional rad. dating method: U-Pb, Th-Pb, 
Ar-Ar, K-Ar. 



K-Ar radiometric dating method 

K has three isotopes: two stable ones 39K (93.258%)   41K(6.73%) and it is 40K
(0,01167%) , which is instable.  There are two  kinds of disintegration.
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Decay series of 238U (8 alpha, 6 beta disintegrations)

86Rn has a lot of isotopes, among which 222Rn is the 

most important one.

Some facts about Rn
Rn has an atomic number of 86. It is a radioactive, 
colourless, odourless, tasteless noble gas, occurring 
naturally as the decay product of uranium or thorium. 

http://en.wikipedia.org/wiki/Atomic_number
http://en.wikipedia.org/wiki/Radioactive_decay
http://en.wikipedia.org/wiki/Noble_gas
http://en.wikipedia.org/wiki/Uranium
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Decay series of 232Th (6 alpha, 4 beta disintegrations)

220Rn is produced by alpha decay of radium and decays 

into polonium. This decay is also alpha desintegration.



SUMMARY about RADON



The presence of Rn  refers to 
radium enrichment. Greater 
Rn signal can be experienced 
over radium than  over 
uranium.

In  reducing environment the 
precipitation of uranium by 
the reduction of U6+  to  U4+  

forming uranoorganic 
complexes can be observed. 
In the case of the same  
direction of fluid flow and 
oxidizing environment, the 
enrichment of uranium 
occurs in the opposite site of 
radium. 

. Location of U and Ra zones in an oxidizing and in a reducing environment (after Gingrich, 1984)





Percolating water in 
loose soil takes up 
Rn. When this Rn-

charged water 
reaches the cave, 

Rn outgases from it 
(tending to 

equilibrium). Rn is 
in air  free to 

migrate with the 
subsurface air and 

eventually is to 
enter a house.





131I 131Xe  T1/2= 8d

134 Cs 134 Ba T1/2= 2.1y

137 Cs 137 Ba T1/2= 30y

90Sr 90Y 90 Zr

28.5y         64hour

30 y





BERLIN : the sum of beta activity concentration



EGAMMA= 662KeV, Ba 137 is in exited state. Soil sample is from the depth of 

10cm.

Hungary 1998. The effect of Chernobyl can be presented by the spectrum of 

gamma ray, in which Cs-137 results in a characteristical peak. Other artificial 

effect may be observed due to  chemical fertilizer.



Sample was taken from a depth  greater than 10cm. There is no Cs-137 
at all. The upper part of the soil absorbed totally the Cs-137.



RADIOACTIVITY over HYDROCARBON RESERVOIR

Morse & Zinke, 1995

If hydrocarbons are present geochemical
interactions constrain or stop uranium's
movement till the surface, resulting in a
decrease in natural gamma intensity
observed over the hydrocarbon reservoirs in
the surface.

The near-surface change of redox and pH
conditions, in response to light hydrocarbon
microseepage and its microbial oxidation,
drives a localized redistribution of trace and
radioelements. This localized vertical
redistribution of trace and radioelements in
the ground over the reservoir is the reason
of the low gamma radiation response.

Pirson (1969) discovered that it was a
promising tool in HC exploration.

The presence of „halo” with elevated
gamma radiation was proved in the 70-s
(85%).



QUESTIONS

 What does the basic equation of radioactivity state? What is the 
relationship between radioactive decay constant and half-life?

 Characterize the natural nuclear disintegrations! Which radiation is 
mainly applied in geophysical exploration?What is the reason of that?

 What problems can be solved by radiometry?
 What is the basic principle of  K, U, Th content determination based on 

natural gamma radiation?  Which has greater radioactivity: basalt or 
granite?

 What do you know about Rn? What conclusion can you draw from an 
elevated Rn level?

 What is the principle of radiometric dating? What sorts of radiometric 
dating methods do you know?

 Can be  any correlation between the measured  natural gamma 
intensity ( and Rn level) on the surface and the occurence of 
hydrocarbon reservoir?


