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Abstract: As an important approach to the sustainable utilization of potassium resources in salt lakes, water-replenishment-induced
mineral dissolution is critical to safeguarding national strategic interests. To clarify the hydrogeochemical evolution of brine reservoirs
and evaluate the efficiency of water-induced potash dissolution, this study investigated the mineral composition of brine-bearing strata
and the spatiotemporal distribution of brine hydrochemistry in the Dabuxun area of Lake Qarhan. The recharge patterns and potassium
enrichment mechanisms were further analyzed. The results show that brine-bearing strata exhibit clear vertical mineral zonation. The
shallow layer (0—4 m) is dominated by halite, with a maximum content of 95%. The middle layer (4-9 m) is enriched in carnallite, with
contents ranging from 10% to 31%, accompanied by bischofite. In the deep layer (>8 m), the proportion of detrital minerals increases.
Hydrochemical differentiation of the brine is mainly controlled by Na*, Mg?*, and K*. A horizontal high-concentration belt of K*
between the water replenishment channel and the brine extraction channel, together with a vertical chemical inflection point where
Mg?*, CI', and K* increase simultaneously, suggests that water level fluctuation is the key factor governing the vertical migration and
enrichment of potassium. Two recharge patterns were identified in the study area: natural lake water recharge and artificial channel
recharge. Natural lake water recharge has a wide influence range and long duration, and can effectively dissolve solid potassium salts
in the shallow and middle strata. Artificial channel recharge expands the overall recharge coverage, with clear directionality but limited
spatial extent. This study indicates that the current artificial water replenishment still has considerable potential for mineral dissolution
in the shallow and middle strata. Optimizing the recharge layout and improving the infiltration capacity of low-salinity water in target
strata are essential for enhancing the dissolution and exploitation efficiency of potash resources. This study clarifies the coupling
relationships among mineralogical characteristics, hydrochemical processes, and hydrodynamic conditions, and provides a fundamental
scientific reference for the implementation of water-replenishment-induced mineral dissolution in Lake Qarhan.
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Fig. 1 The regional geology and drillhole distribution of the study area
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Fig.3 Spatial distribution characteristics of hydration parameters in underground brine
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Fig.4 Spatial variation characteristics of the chemical components in underground brine
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