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Abstract: Abstract: The Qarhan Salt Lake is pivotal to potassium fertilizer production in China, underpinning the
fundamental water-salt relationship (Here, the term “water-salt” refers to the coupled mass balance of water (liquid)

and potash (solid + dissolved) in the Qarhan playa-lake system) for sustainable resource management and stable
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potassium fertilizer supply. This study explores the complex evolutionary mechanisms of the water-salt relationship
in the mining area under the combined impacts of climate change and human activities. Based on nearly three
decades of hydrometeorological datasets spanning 1990-2024, this study identified the evolutionary trends of key
factors controlling the water-salt relationship in the Qarhan Salt Lake mining area. Pearson correlation analysis was
applied to elucidate the evolutionary patterns and driving mechanisms of the regional water-salt system. The results
show that the climate of the mining area has shifted from a “warm and dry” regime to a “warm and humid” regime
over the past two decades (2000-2024), with the recharge river runoff increasing by more than 20% and regional
temperature rising by 1.5-2.0 °C, while the evaporation rate decreasing by 18.5%. Large-scale resource exploitation
has adversely altered regional water replenishment, resulting in a pronounced decline in confined brine levels and
reduced KCl grade. Artificial water replenishment and mineral dissolution practices can effectively mitigate these
adverse ecological and hydrological impacts. The evolution of water-mineral interactions in the study area can be
classified into three successive stages. The system initially transitioned from a natural hydrometeorological-
dominated state to a co-dominated state by natural processes and human activities, and eventually evolved into a
human-dominated evolutionary trajectory. Climate warming, brine mining, and artificial water recharge for mineral
dissolution are the primary drivers responsible for this staged evolution, among which brine extraction and artificial
water recharge constitute the core regulatory conditions for regional water-salt balance. These findings provide a
robust scientific basis for the targeted regulation and sustainable management of water-salt balance in the Qarhan
Salt Lake mining area.
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Fig 1 Geographic Location (a), Water System Distribution (b) of Qarhan Salt Lake
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Fig.2 Annual runoff variation (a) , monthly average runoff (b) of Golmud River (1991-2024) (Data source: the 4" Hydrological Station
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Tab.3 The water budget of Qarhan Salt Lake in typical years
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Fig.5 The variation in TDS concentration of subsurface brine from 1980 to 2019
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Fig. 6 The variation in KCl grade of subsurface brine from 1980 to 2019
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