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Two studies on calcium isotopes1 in teeth have provided new insights into both the 
extinction of the marine reptiles and weaning age in humans. The findings of these 
studies, conducted by CNRS researchers at Lyon ENS and Université Claude Bernard Lyon 
1, were published, respectively, on 25 and 30 May 2017 in Current Biology and PNAS. They 
open new avenues for research in anthropology and paleontology. 

 
A new method for measuring proportions of stable calcium isotopes has just been developed by a team of 
geochemists, in particular involving the Laboratoire de géologie de Lyon: Terre, planètes et environnement 
(ENS Lyon/CNRS/Université Claude Bernard Lyon 1). This high precision method allows new scientific 
advances in all kinds of domains, such as estimating weaning age in humans from milk teeth or finding a 
new explanation for the extinction of marine reptiles. 

 
Calcium is the main constituent of our bones and teeth. There are six stable isotopes of this element on 
Earth. These isotopes do not generate natural radioactivity, but make it possible to identify chemical 
reactions through their specific signatures, which are formed by the fractionation of the different calcium 
isotopes during biological processes and are all the more marked in bones and teeth. The method used by 
the researchers is therefore to analyze the degree of isotopic fractionation in these tissues. 
 
Breast milk is the substance in which calcium isotopes are most fractionated. Thus, by analyzing milk 
teeth, it is possible to trace someone’s diet in the early years of their life. The more milk in the diet, the 
more the dental calcium contains light isotopes. By cutting into milk teeth and measuring isotopic ratios 
using a mass spectrometer2, the researchers observed that teeth begin mineralization with very 
considerable isotopic differences and that these values maintain stable proportions until weaning. By 
knowing the speed at which tooth enamel is formed, researchers have been able to develop a way to 
estimate weaning age in our ancestors. Their results were published on 30 May 2017 in PNAS. This new 
method could allow anthropologists to better understand hominid community structures. 

 
In another field, isotopic analysis of dental calcium allowed researchers to show that on the eve of the 
extinction of the dinosaurs, large marine reptiles were at the top of the marine food chain. This study, 
published on 25 May 2017 in Current Biology, suggests that this competitive situation could be the reason 
for their disappearance, as a result of the scarcity of their shared source of food. In a previous study in 
2015, CNRS researcher Vincent Balter and his colleagues had already noticed that the proportions of 
stable calcium isotopes in the tooth calcium of marine animals varied progressively from the bottom to the 
top of the food chain. The researchers analyzed the proportions of stable calcium isotopes in fish teeth, 

1 Isotopes are atoms that have the same number of protons and electrons but a different number of neutrons, which gives them 
different masses. 
 
2 Analyses were carried out using the Neptune Plus isotopic mass spectrometer funded by Labex LIO (Lyon Institute of Origins). 
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turtle shells, sharks and marine reptiles from a paleontological site in Morocco. Fossils over 65 million 
years old were chemically treated before analysis to avoid bias caused by fossilization. The research team 
was able to show that fish, turtles and sharks had the same proportions of stable calcium isotopes as they 
do today. On the contrary, large marine reptiles (elasmosaurs and mosasaurs) had proportions 
characteristic of today’s large white sharks, and were therefore at the top of the marine food chain before 
their extinction. 
 
The work published on 30 May in PNAS involved researchers from the Laboratoire de géologie de Lyon: 
Terre, planètes et environnement (ENS Lyon/CNRS/Université Claude Bernard Lyon 1), Institut de 
génomique fonctionnelle (ENS Lyon/CNRS/Université Claude Bernard Lyon 1), Faculté d’Odontologie de 
Lyon (Université Claude Bernard Lyon 1) and Service d’Odontologie de Lyon (Hospices Civils de Lyon).  
The study published on 25 May in Current Biology involved researchers from the Laboratoire de géologie 
de Lyon: Terre, planètes et environnement (ENS Lyon/CNRS/Université Claude Bernard Lyon 1) in 
collaboration with the Centre de recherche sur la paléobiodiversité et les paléoenvironnements 
(MNHN/CNRS/UPMC) and researchers from the Direction de la géologie (Office chérifien des phosphates 
SA) in Morocco. 
 
 

 
 
 
 
 
 
 
 

Human canine milk tooth from 
which the enamel was taken to 
measure the proportions of 
calcium isotopes. The enamel is 
around 500 μm thick. 
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More pictures are available on request. 
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Prognathodon sp. tooth. This species was a 
large mosasaur, the remains of which are 
commonly found in the Moroccan phosphates. 
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