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Abstract

The enrichment of lithium (Li) in geothermal fluids can be better understood through evolutionary geological models. These models simulate
variations in physical parameters, such as temperature and pressure, which influence reactive processes and hydrodynamic transfers. When
combined with reactive transport models, they provide a more detailed insight into the mobility and behavior of chemical species. The
integration of these approaches enables the simulation of various scenarios and the validation of the mechanisms governing fluid and dissolved
species transfer. Such modeling is crucial for estimating and predicting geothermal lithium resources. However, a major challenge remains the
lack of kinetic data on the dissolution of Li-bearing minerals. While some data exist for pure phases, specific kinetic properties of Li-hosting
minerals are still poorly constrained. In this context, laboratory experiments play a critical role in investigating the kinetics of Li dissolution,
simulating its transition from minerals to solution. These experimental studies are essential for refining reactive transport models and
improving our understanding of fluid-rock interactions, which are fundamental to the sustainable exploitation of geothermal lithium. Recent
studies in the Upper Rhine Graben aimed to identify the sources and processes responsible for the high lithium concentrations in geothermal
fluids. These investigations highlight micas—particularly biotites in granite—as primary Li sources. Furthermore, significant lithium
concentrations have been detected in chlorite, a mineral that may have both primary and secondary origins. Chlorite can indeed form during the
final stages of granite crystallization, as the igneous body is emplaced, influenced by residual fluids. Considering a secondary origin as well,
this mineral assemblage highlights the mobilization and redistribution of lithium into potential alteration phases, such as clay minerals like
smectite and illite. These transformations are linked to post-magmatic processes, particularly the circulation of fluids through the basin during
its evolution. To address the lack of kinetic data, this study conducted batch dissolution experiments on Li-bearing biotites using hydrothermal
reactors. Experimental conditions were established based on geochemical simulations that replicate autoclave conditions. The evolution of
lithium concentration in solution was monitored by tracking dissolved iron concentrations under varying physicochemical conditions, including
temperature, salinity, pH, water-to-rock ratio, and reactive surface area. The results will be incorporated into kinetic databases to enhance fluid-
rock interaction models. Additionally, XRD, SEM-EDS, and LA-ICPMS analyses were conducted to characterize the mineralogical and
chemical composition of the granite. The same analyses were also performed on the mineral material used in the experiments, both before and
after reaction, along with BET surface area measurements and whole-rock analyses.



