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Radiocarbon dating 

Physical age determinations using natural radionuclides 

 
Case study 

Fascinated by the African Culture you frequently visit African countries and 
study African history.  In a display-window of a Zurich art gallery you 
discovered a beautiful sculpture, fell in love with it, and decide to buy this 
fascinating object. However, it might be risky to invest all your savings into 
such an object as you realized, it could be a faked copy of an authentic object.  
Thus, you research and discovered that radiocarbon dating might able to find 
out the true age of the sculpture. 

The dating method 
14C dating is based on the radioactive decay of the heaviest naturally occurring 
carbon isotope 14C, which has a half-life of 5700 years. 14C is generated by the 
interaction of cosmic rays and passes through the carbon dioxide circuit in 
organic materials. The 14C production and its radioactive decay lead to a 
secular equilibrium in the ratio of carbon isotopes (12C and 14C).  Organic 
material incorporated in the CO2 cycle, having a corresponding isotope ratio. 
Separates this material from the CO2 cycle (for example, by dead), then 
radioactive decay decreases 14C/12C. 

Measurement procedure 

Radiocarbon dating is made by measuring the 14C/12C isotope ratio of the 
sample to be examined. From the measured values and their respective 
uncertainties, the so-called radiocarbon age (14C age) and a corresponding 
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measurement uncertainty is determined according to an internationally 
established procedure [ 1]. However, this age does not correspond to the 
historical age.  

The determination of the historical age 

It has been shown that the 14C production was changeable by cosmic radiation 
over time. This and other effects are responsible for variations of the 
equilibrium 14C/12C ratios and it cannot be assumed to be constant in 
biological material over time. Consequently, a direct translation of a measured 
14C/12C ratio in an historic age is not allowed. But, one can reconstruct the 
equilibrium 14C/12C ratios as a function of the historical age from tree ring 
records (the historical age is obtained by counting the annual rings). In the 
past, a calibration curve has been prepared by measuring the 14C 
concentration in timber samples (Dendroarchives [2]). The calculation of the 
historic age of a sample now takes place by comparison with the calibration 
curve. Today, this is done with the help of calibration programs (e.g. OxCal [3 
] ) that perform the convolution of the radiocarbon age and the calibration 
curve mathematically correctly. As a result, we obtain probability statements 
over the time period (historical age) from which the sample may originates. 
The graphical representation of the resulting probability distribution as a 
function of age is the base of the historical age determination. In general, this 
distribution cannot be converted directly into historic ages. 
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ISSUES / POINTS FOR DISCUSSIONS 

Goal of this exercise is to define the block foundations of the method, a 
discussion of the measurement procedures, the analysis of data, and necessary 
calibration procedure. In addition, preparative possibilities should be 
discussed, which are used to extract representative sample material of a 
tested object. Detailed points to explain: 

 

1. What physical property can be used to perform a dating of archaeological 
objects and which element is due to its chemical and geochemical 
properties particularly suitable for age determination? 

2. Explain the basic principle of the radiocarbon method. In particular, 
discuss the production of 14C by cosmic radiation and the geochemical 
cycle of carbon. What processes determine the 14C content in the 
atmosphere? 

3. What conditions must be met so that an age determination can be carried 
out? You can explain what factors affect the age determination. What are 
the limitations of the method? 

4. Describe processes (natural and man-made) that change 14C concentration 
in the atmosphere. 

5. In how far man had massively intervened into the natural carbon cycle 
with strong consequences for radiocarbon dating? 

6. With the help of reliable calibrations, age can be determined despite the 
changing 14C production. Discuss based on the calibration curve what age 
ranges are not particularly well suited for dating.  

7. What kind of analytic methods can be used to determine 14C 
concentrations? Discuss the differences in methods and justify why you 
would use one or the other     . 

8. Chemical processes lead to a shift of isotope ratios, the so-called 
fractionation. How does a shift in the carbon isotope ratios of the 
possibility of age determination? 

9. What materials can be used for age determination by radiocarbon 
method? 

10. What can falsify the age determination and how you can prepare by 
appropriate chemical methods an unbiased sample as good as possible? 

11. For analysis of a sample with an accelerator mass spectrometer (AMS 
system) a graphite sample is required. How would you create such a 
sample? 

12. Estimate on how much sample material they need for analysis. 

 

 

Information can be found on the Internet, as always, Wikipedia is a good 
introduction to the subject: 
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http://www.c14methode.de.vu/ 

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

 


