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Abstract

Ion-adsorption-type rare earth element (REE) deposits constitute an important mineral resource in
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South China. In these deposits, REEs occur mainly as exchangeable ions adsorbed onto clay-mineral
surfaces, with relatively complete light- and heavy-REE distributions and considerable industrial
value. Based on previous studies, this paper systematically reviews the geological characteristics,
spatial distribution, development and utilization technologies, and recent research progress of this
deposit type. Existing evidence indicates that REE-rich parent rocks provide the material basis for
mineralization, whereas supergene weathering, leaching and migration, adsorption by clay miner-
als, topography, geomorphology, and hydrological conditions jointly control the formation and
preservation of ore bodies. These deposits are concentrated mainly in South China. Their extraction
technologies have evolved from tank leaching and heap leaching to in-situ leaching and environ-
mentally compatible leaching, resulting in improved resource recovery. However, groundwater
contamination, poorly leached zones, slope instability, and the remediation of residual leaching
agents remain major constraints on green development. Recent studies have shifted from evaluat-
ing individual mineralization factors and leaching efficiency toward integrated mineral-system
analysis, digital exploration, intelligent mining, whole-process environmental monitoring, and the
resilience of the global rare earth supply chain. Future research should prioritize the development
of environmentally compatible leaching agents, recycling of leachate, and remediation of residual
pollutants, while strengthening the coordinated application of three-dimensional geological-hydro-
geological modelling, sensor-based monitoring, digital twins, and digital traceability. These efforts
are essential for achieving coordinated improvements in resource-use efficiency, mine ecological
safety, and the stability of the rare earth supply chain.
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Figure 1. Conceptual mineral-system framework for the for-
mation of ion-adsorption-type REE deposits [22]
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Table 1. Statistics on the types of rare earth allocations discovered in Southern Jiangxi
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Figure 2. Flow diagram of the in-situ leaching process for ion-adsorption-type
REE deposits [36]
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Table 2. Comparison of major development technologies and characteristics of ion-adsorption-type REE deposits
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Table 3. Comparison of major green leaching systems and their application maturity
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Figure 3. Main bioleaching mechanisms for ion-adsorption-type REE deposits [18]
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mineral prospectivity prediction [38]
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