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Context  
The main processes controlling chemical and isotopic composition of traces in the CaCO3 polymorph 
aragonite are underexplored, although this mineral phase is predominately forming in oceanic waters and ts 
used as archive of paleo-environmental conditions. Herein we examine the effect of aragonite growth rate on 
the incorporation of Ba and Sr in this mineral phase. 
 
Objectives / scientific questions  
The objectives of this project are: i) to provide insights on the parameters controlling the incorporation of 
Ba and Sr in aragonite forming a diluted solid solution from an aqueous solution and ii) to assess the 
distribution of the stable isotope composition of the solids.  
 
Main results  
The main outcomes of the project suggest that the incorporation of Ba in aragonite is characterized by a 
partitioning coefficient DBa lower than unity (Fig. 1B). This observation comes in contrast to earlier works that 
were conducted at rather high oversaturation degrees of the fluid with respect to aragonite formation. Here 
the large radius of Ba controls its substitution in the Ca position in aragonite. For the same element the 
isotopic measurements suggest that under near equilibrium conditions the solid is enriched with the heavy 
isotope (Fig. 1A). As a function of mineral growth however Ba isotope fractionation between aragonite and 
forming fluid can uptake negative values. This is the first time ever enrichment of either the heavy or the light 
isotope in the solid phase has been experimentally shown to occur. The experimental findings for near 
equilibrium isotope fractionation come in excellent agreement with first-principles simulations of Ba 
incorporated in aragonite.  
 
Fig. 1: Barium partitioning (B) and Ba isotope fractionation (A) between Ba in aragonite and fluid as a function of 

aragonite growth rate. Data from Mavromatis et al 2018 and Mavromatis et al., 2020 

 

 



 
In addition the incorporation of Sr in aragonite has been studied as a function of growth rate. The obtained 
results suggest that at near equilibrium conditions the enrichment of Sr in aragonite, described as partitioning 
coefficient, DSr, is higher than shown earlier (see Fig. 2). This discrepancy likely stems from the growth rate 
used in earlier works and the high DSr values measured here, are in good agreement with the formation of solid 
solution between aragonite and strontianite.  
 
 
Fig. 2: Strontium partitioning in aragonite as 
a function of growth rate. 
 
 
 
 
 
 
 
 
 
 
 
As it can be seen in Fig. 1 aragonite growth rate exerts a major control on both the incorporation and the 
isotope composition of Ba in aragonite. The rate effect on isotope fractionation can be modelled using 
transition state theory and this model predicts well the change in fractionation factor form positive to negative 
at increasing growth rates. In the case of Sr incorporation in aragonite displayed in Fig. 2 as a function of 
growth rate the obtained results point towards the effect of solid-solution formation when mineral growth 
occurs at near equilibrium conditions. 
 
Future of the project:  
 
The obtain results suggest that growth rate has a significant impact on the distribution of Ba and Sr in 
aragonite. The experiments performed in this study are the first step towards understanding the mechanisms 
controlling trace elemental and isotope composition in natural samples. Current and future works aims at 
investigating the role of temperature as well as the role of complexation with organic substances. Both those 
parameters are important for reconstructing formation conditions in natural environments. 
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