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Review on hydrogeochemical behavior of rare earth elements and their
applications in groundwater tracing
GUO Juan, WANG Chenxi

(School of Architecture and Engineering, Yan’an University, Yan an 716000, China)

Abstract: Due to their similar chemical properties and systematic fractionation characteristics , rare earth elements
(REEs) have been widely applied in geochemical research. Based on a systematic review of domestic and
international studies, this paper summarizes the hydrogeochemical features, distribution patterns, and controlling
factors of REEs in groundwater, with particular emphasis on the influences of lithology, water—rock interactions,
redox conditions, complexation, and colloidal and organic matter processes on REE transport and fractionation. It
also reviews recent advances in using REEs for identifying groundwater sources, distinguishing water—rock interac-
tion processes and groundwater mixing, as well as studying geothermal and deep—circulation groundwater systems.
The results indicate that the distribution patterns of REEs in groundwater effectively record hydrogeochemical processes
and hold significant implications for understanding groundwater chemical evolution. However, current research still
faces challenges such as insufficient identification of REE speciation, limited quantitative constraints on transport
mechanisms, and relatively scarce regional background data. Future studies should strengthen multi-indicator
integration, combine thermodynamic modeling with long—term monitoring data, and further clarify the migration
and transformation mechanisms of REEs in groundwater systems and their role as hydrogeochemical tracers.
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