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Abstract

The West Kunlun region is located along the northern margin of the Qinghai-Xizang Plateau, where
lithium-rich granitic pegmatites and felsic rocks are widely developed. The spatial coupling of deep-
seated faults, closed intermontane basins, and a cold-arid alpine climate provides favorable geolog-
ical conditions for the formation of lithium resources in salt lake brines. Based on a comprehensive
review of studies on lithium-bearing salt lakes in China and elsewhere, this paper systematically
summarizes the evaporative enrichment and metallogenic mechanisms of lithium-bearing salt lake
brines in the West Kunlun region, with emphasis on regional lithium sources, hydrological transport,
hydrochemical evolution, evaporative crystallization and differentiation, and the occurrence and
transformation of lithium. Current understanding indicates that lithium enrichment in salt lakes is
not controlled solely by water evaporation, but results from the combined effects of lithium supply
through weathering of source rocks and deep-circulating fluids, transport through fault systems
and drainage networks, accumulation within closed basins, evaporative and cryogenic concentra-
tion, selective crystallization of major salts, and preservation of late-stage residual brines. Different
hydrochemical types determine the sequence of salt precipitation and the migration pathways of
lithium. In chloride-type brines, Li, K, Mg, and B are generally concentrated in the residual mother
liquor following extensive halite precipitation. In sulfate-type brines, lithium enrichment is con-
trolled by the precipitation of gypsum, mirabilite, and complex sulfate salts, and its enrichment ef-
ficiency is closely related to the extent of sulfate removal and the entrapment of brine or lithium by
solid phases. In carbonate-type brines, lithium behavior is primarily constrained by alkalinity, pH,
and the precipitation of carbonate minerals. Integrating the available regional data, the metallogenic
process of lithium in West Kunlun salt lakes can be summarized as a sequential process of “multi-
source lithium supply - tectonic transport - catchment-scale accumulation - evaporation/freezing-
induced differentiation - late-stage residual brine storage”. Nevertheless, significant uncertainties
remain regarding the relative contributions of different lithium sources, basin-scale water-salt bal-
ance, the distribution of subsurface pore brines, and the response of lithium enrichment to climatic
change. Future studies should therefore strengthen continuous monitoring at the catchment scale,
integrated multi-isotope tracing, mineral-brine reaction modeling, and systematic investigation of
subsurface brines, with the aim of establishing a quantitative and testable regional metallogenic
model.
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Figure 1. Simplified geological map of the study area (adapted from [6])
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Table 1. Major lithium sources and enrichment processes in typical lithium-bearing salt lakes in China and abroad
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Table 2. Evaporation sequences and lithium responses for brines of different hydrochemical types
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Table 3. Key issues and suggested research directions for lithium-bearing salt lakes in the Western Kunlun Mountains
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