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Abstract

As metal mineral resource development extends into deeper geological layers, complex geological
conditions, and ecologically sensitive areas, backfill mining has become a critical technical approach
for controlling goaf instability, reducing surface subsidence, and advancing green mining practices.
The thick alluvial layer, characterized by its substantial thickness, high compressibility, complex
combination of aquifers and impermeable zones, and prolonged consolidation deformation, means
that surface subsidence caused by metal mine backfilling is no longer solely the direct result of over-
lying bedrock movement but rather the outcome of combined effects including goaf disturbance,
backfill compression, bedrock fracturing and delamination, alluvial layer compression and consol-
idation, and groundwater response. This study systematically reviews domestic and international
research progress on mine surface deformation, metal mine backfilling, settlement in thick loose
layers, multi-source remote sensing monitoring, numerical modeling, and intelligent prediction re-
garding surface subsidence deformation under thick alluvial layers. Research indicates that surface
subsidence in such conditions exhibits expanded coverage, slow boundary convergence, significant
residual settlement, and multi-field coupling characteristics; key factors influencing subsidence con-
trol include backfill strength and elastic modulus, capping rate, backfill lag time, long-term creep be-
havior of the backfill, and aquifer dewatering and consolidation. Future efforts should focus on elu-
cidating the coupled mechanisms among thick alluvial layers, bedrock, and backfill materials, de-
veloping multi-source integrated monitoring systems, enhancing mechanism-data fusion predic-
tion models, and optimizing dynamic mining-backfill parameters.
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Figure 1. Research framework for surface settlement in backfill mining beneath thick alluvial strata
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Figure 2. lllustration of the surface settlement and deformation transmission mechanism beneath the thick alluvial layer
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Table 1. Main factors affecting surface settlement in metal mine reclamation areas under thick alluvial strata
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Table 3. Surface settlement prediction model and its applicability
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Figure 3. A closed-loop system for controlling subsidence caused by backfill mining beneath thick alluvial layers
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