
 Natural radioactivity  
 

 

The discovery of radioactivity was actually the consequence of several consequtive 

accidental events and a mistake. In 1895 Röntgen was experimenting on a cathode ray tube. 

He wrapped the tube in black paper during one of the experiments. The fluorescent salt, which 

was also on the table for an independent experiment, vividly illumated every time a discharge 

occurred in spite of the fact that neither visible light nor cathode rays could reach it. Röntgen 

payed immediate attention to the new phenomenon. Very soon he determined all the 

practically important properties of the newly dicovered X-rays, as he named it: it is not visible 

light, its penetrability is high and depends on the density of material and makes the photo 

emulsion black (after development). Röntgen recorded his first observation on 8 November 

1895 and at the end of December 1986 the bones of a broken arm were joined using X-rays! It 

is interesting to note that some of the effects of X-rays were observed by others much earlier. 

The film plates placed close to the cathode ray tube became foggy. "Place the films 

somewehere else!" told several researchers to their assistants. X-rays are not radioactive rays; 

X radiation is produced when electrons loose their velocity due to ther interactions with 

matter and the X-rays take the kinetic energy of the electrons (Bremstrahlung).  

 

So the discovery of X-radiation was a matter of chance. The observation of radioactivity, 

however, was definitely the consequence of a mistake and a following accidental event. 

Becquerel was investigating the properties of fluorescent salts. He thought that there must be 

the same reason for fluorescence and the emission of X-rays. He placed some fluorescent 

material, namely uranium salt on a photographic plate wrapped very thickly into black paper 

and exposed it to strong sunshine. The film showed the expected blackening. Becquerel 

published his results and his - wrong - conclusions spread widely. In the spring of 1896 he 

continued the experiments. One day it was cloudy and so Becquerel placed the above 

described arrangement into a dark cabinet. A few days later he was curious and developed the 

film. He was astonished to see that it was totally black. In this way it turned out that the 

relationship between flourescent light and X-rays does not hold. He performed the further 

experiments systematically and determined that the phenomenon has to do with uranium and 

the radiation ionizes air, as well as X-rays do.  

 

Becquerel asked his assistant Marie Curie to go on with the experiments. Mr and Mrs Curie 

worked steadily and in 1898 discovered other radioactive elements: polonium and radium. It 

was characteristic of the era that the Curies did not know where the energy of the radiation 

comes from; they could not even imagine that the element can go through transformation 

when emitting radioactive radiation. They thought that even the violation of the 2nd law of 

thermodynamics was more imaginable: "According to the hypotheses, which belong to the 

second group, the radioactive materials are actually energy converters. This energy may, 

violating Carnot's law (the second law of thermodynamics), come from the heat of 

surrounding material, which by so doing cools down. (1902)"  

 

Rutherford concludes in 1898 that the radioactivity of uranium is not homogeneous: there is 

a part which ionizes very heavily, however cannot even get through a sheet of paper and there 

is an other component with higher penetrability, which causes only a fraction of ionization. 

He named the radiations alpha and beta. Later Becquerel proved that beta radiation is 

corpuscular and the particles are electrons. On the other hand, for the identification of alpha 

radiation much longer time had to elapse: Rutherford showed in 1909 that alpha particles are  



identical to double ionized helium. In 1900 Villard discovers the radiation of highest 

penetrability: the gamma radiation. Very soon gamma radiation was proven to be high energy 

electromagnetic radiation and thus it is a "relative" of X-rays. 

 

 Fission reactors on the Earth  

 

 

It is not necessary to search the sky if we want to find ancient, several billion years old 

reactors. In 1972 a French engineer made one of the most astounding discoveries in the 

history of science. Bougzigues worked as an analyst for a company producing fuel for nuclear 

power plants in Provence, France. In the course of his routine measurements he found a 

strange anomaly.  

 

Discovery of the Oklo reactors  

 

There are two naturally occurring isotopes of uranium, whose mass numbers are 235 and 

238, respectively. (Actually, there is a third isotope, with mass number 236, but its abundance 

is negligible.) At the time when the Earth and the solar system were born, the ratio of the 

isotopes 235U and 238U was a given value. This ratio has changed significantly since the two 

isotopes decay with different half-lifes. The half-life of 235U is 700 million years, while that 

of 238U is 4.5 billion years. Correspondingly, the amount of 235U decreases faster. It is 

obvious that the half-life of the isotopes is exactly the same everywhere in the world, in all the 

rocks and stones, which implies that the ratio of the isotopes has changed to the same degree 

everywhere over the millions of years. Until 1972 several measurements verified this 

assumption and the ratio of the isotopes with mass numbers 235 and 238 in uranium ores was 

always found to be 0.7202% with an accuracy of 0.00004%.  

 

In the Pierrelatte factory in 1972, nuclear fuel was manufactured from uranium ore that 

originated from Oklo in Gabon. Bougzigues made routine measurements during which he 

found that ratio of isotopes in the uranium ore to be processed is somewhat less than the 

earlier measured value: 0.717%. Different possibilities were investigated that could have 

caused the measured anomaly. First, they ascertained that no spent nuclear fuel had been 

deposited in the mine. The activity of the ore was too little for that. There were certain 

theories which tried to explain the phenomenon with the crash of an extraterrestrial space ship 

or with the existence of an ancient civilization that utilized nuclear energy. However, reality 

was far beyond even this romantic imagination. The researchers found the remnants of an 

ancient, natural nuclear reactor in Oklo!  

 

During the investigations performed in 1972, the remnants of six natural reactors were found 

in the Oklo mine and its vicinity. So far marks of altogether 17 natural reactors have been 

discovered. Nine of them have been completely mined out. The remains of the OKLO 15 

reactor, however, are intact and can be viewed. The yellow spots, which are well visible in the 

picture, are uranium oxide of 70 % concentration in sandstone.  

 

 

 

 

 



Conditions of the operation of natural reactors  

 

As early as in 1956 a Japanese physicist, Paul Kuroda, pointed out the possibility of the 

existence of natural reactors. There was not much reaction to his statement, even in the 

scientific community. He worked out the conditions which are necessary for the operation of 

natural reactors.  

 

 Kuroda estimatedthe historical era when natural reactors could be born. Of the two 

uranium isotopes the one with mass number 235 is fissile. Nowadays the abundance 

of 235U is only about 0.7%, natural reactors cannot operate. The reason for this is 

that the 238U isotopes and the other nuclei of the ore catch too many of the neutrons 

which are necessary to sustain the chain reaction. Moreover, some moderator is also 

needed to slow down the neutrons to make them easier to cause fission and this 

moderating material also absorbs neutrons. The usual moderator materials in today's 

nuclear reactors are water, heavy-water and graphite. Although using presently 

mined natural uranium and graphite or heavy-water as moderator one can build an 

operable reactor, neither of these materials are present in nature. On the other hand, 

the neutron absorption ability of water is so high that it is not possible to use it with 

natural uranium (in which the percentage of the isotope with mass number 235 is not 

increased, that is not enriched) in a reactor. However, the situation was different 2 

billion years ago. At that time the ratio of 235U in uranium was 3% and using this 

material as fuel, one can in fact build a reactor, even with water moderator! (This is 

the most widespread enrichment of power reactors today.)  

 

 Kuroda determined the necessary concentration of uranium atoms in the carrying 

agent of the ore: according to his calculations it should be 70%.  

 He also determined the critical size of the reactor. If the dimensions are smaller, no 

self-sustaining chain reaction can start, because too many neutrons would escape 

from the so-called reactor core.  

 Finally, he pointed out that the ore must be porous in order that water can remain in 

the small pores and play the role of a neutron moderator.  

 

How did the Oklo reactors evolve?  

 

The uranium content of the Gabon uranium ore probably got to the surface by volcanic 

activity. Later the surface waters dissolved it from the volcanic rock. About 1.7 million years 

ago there was enough oxygen in the atmosphere for uranium to oxidize. Uranium oxide, 

however, is insoluble in water and thus it could settle down in high concentration layers.  

 

Operation of the reactors  

 

The Oklo reactors perfectly fulfilled the requirements determined by Kuroda. The reactor 

cores of large mass and high uranium concentration was embedded into porous carrying 

material, mainly sandstone. The concentration of neutron absorbing materials in the rocks was 

negligible and the 235U/238U ratio was around 3%. In the porous sandstone there was 

sufficient amount of water for neutron moderation. Moreover, the water present in the rocks 

was thermohydraulically coupled to the surface and ground water.  



Finally, about 1.7 billion years ago the reactors went critical. The chain reaction was 

probably started by spontaneous fission and cosmic radiation. The chain reaction was not at 

all continuous. As the number of fissions per unit time was increasing, more heat was 

produced, which led to the warming up and possible boiling of the water. However, as the 

amount of moderator decreased, the reactors became sub-critical and thus the rate of fission 

went down. Accordingly, there was a cooling down period, in which water could again filtrate 

into the rocks and make the reactor critical. This pulsating chain reaction could last for about 

a million years. The neutron flux in the reactors was probably in the range of 109 to 1021 

/cm2s (this means that in a surface area of 1 cm2 in one second 109 to 1021 neutrons pass 

through in any direction). In today's power plant reactors this quantity is around 1013 to 1014 

/cm2s.  

 

When the concentration of 235U dropped below the critical value due to the operation of the 

reactor and natural radioactive decay, the Oklo reactors stopped for good. Their ancient 

operation is only observable from the lower 235U/238U ratio. 

 

 Fusion reactors of the sky: the stars  

 

 

If we take a look at the sky on a clear night, we may see a few thousands of the several 

billions of stars that belong to our Galaxy. Stars are the most ancient and still operating 

nuclear reactors. Their light is a form of the energy emitted during the ongoing nuclear fusion 

processes. Much closer than the stars can be found a very old fusion reactor in our Solar 

system: the Sun, which has been operating for about 10 billion years. The sunshine, which 

feeds earthly life, is also a product of thermonuclear reactions.  

 

If we heat up the mixture of elements with low atomic numbers to several million degrees, 

some collisions will result in so-called nuclear fusion reactions, in which atomic nuclei are 

unified. During such a reaction a great deal of energy is released, which further raises the 

temperature of the mixture, thus increasing the probability of fusion. This accelerating 

process, which is accompanied by a vast amount of energy production, is called fusion or 

thermonuclear chain reaction. It may happen that the whole piece of material undergoes 

fission in a very short time. This happens, for example, in the hydrogen bomb. However, our 

experience shows that the Sun and the other billions of stars radiate energy in a rather 

constant manner. Let us examine how they generate energy and what controls their activity to 

be so steady.  

 

In the universe, hydrogen is by far the most frequent element. The nucleus of hydrogen is a 

single proton. Therefore, the starting step of fusion has to be two 1 H nuclei. However, the 

result of the reaction  

 

1 H + 1 H = 2 He ,  

 

which is a nucleus made of two protons is not stable. There is only a very small chance that a 

positive b decay occurs during the extremely short time interval while they are together. In 

such cases one of the protons transforms into a neutron by either capturing an electron or 

emitting a positron (anti-particle of electron):  



e - + 2 He = 2 H or 2 He = 2 H + e + .  

 

The deuteron produced is a stable nucleus, which is suitable for further fusion. Within 

seconds, the following processes take place:  

 

1 H + 2 H = 3 He + g ,  

 

3 H e + 3 He = 4 He + 1 H + 1 H .  

 

Summarizing the processes:  

 

4 · 1 H = 4 He + e + + e + + 5 pJ energy.  

 

Therefore, for the last billions of years the large binding energy of helium has covered the 

 4· 10 26 watt power of the Sun, which has a mass of 10 30 kg. The positive b decay of 2 H, 

which works like a "nuclear valve" is responsible for the evenness of the power of Sun. A 

proton has to "keep trying" for billions of years to successfully complete the first step of the 

above process.  

 

The description of the Sun's energy generation was worked out by Bethe and Salpeter in the 

1930s and 1940s, based on theories of Gamow and Teller.   


