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Slope stability Slope stability in structurally complex open-pit mines requires realistic
Open-pit mine representation of jointed rock mass behavior, particularly during the early

Distinct Element Method (DEM)

stages of mining when geomechanical data are limited. This study investigates
Numerical Modeling

the stability of the northern slopes of the Zarshouran Gold Mine using
three-dimensional Discrete Element Method (DEM) modeling implemented in
3DEC. The geomechanical parameters were calibrated through an integrated
approach combining the Geological Strength Index (GSI) and back-analysis of
observed slope behavior, providing a constrained and field-consistent
parameter set for numerical simulation. Under natural pre-mining conditions, the slopes exhibit a high level of stability
with an overall factor of safety (FoS) of approximately 8, while groundwater effects induce only negligible creep-like
displacements (= 1 X 10~7m) along lithological contacts. Simulation of the final pit geometry indicates that progressive
mining and partial removal of the limestone unit reduce the stabilizing overburden weight, decreasing the FoS to
approximately 1.5. The model predicts a maximum shear strain rate of ~2 x 10715~* and a maximum block velocity of
~1.7 x 1075 M/, concentrated in the central slope region and aligned with structural weakness planes, indicating the
initiation of progressive sliding.

The results highlight the importance of integrated parameter calibration and 3D DEM modeling for reliable stability
assessment and long-term geotechnical risk management in open-pit mines.

Summary

This study investigates the stability of the northern slopes of the Zarshouran Gold Mine using three-dimensional distinct
element modeling (3DEC). Slope behavior was evaluated under natural pre-mining conditions and after excavation of
the final pit geometry, considering geological structures, lithological contacts, and groundwater effects.

The results indicate a very high factor of safety (FoS = 8) under natural conditions, with only negligible creep
displacements (= 1 X 10~7m) along the limestone—schist interface. Following excavation and partial removal of the
stabilizing limestone rock mass, the FoS decreases to approximately 1.5. Concentrated shear strain and block
displacements in the central part of the slope indicate the initiation of progressive sliding along structural weakness
planes.

Overall, although the slopes remain stable under natural conditions, mining activities significantly reduce stability,
highlighting the need for groundwater drainage measures, continuous monitoring, and periodic updating of the numerical
model.

Introduction

Stability assessment of slopes in structurally complex open-pit mines requires advanced three-dimensional numerical
modeling capable of capturing deformation mechanisms controlled by geological discontinuities, mining-induced stress
redistribution, and geomechanical behavior of the rock mass. The northern slopes of the Zarshouran Gold Mine are
characterized by lithological heterogeneity, major fault systems, and groundwater influence, which collectively control
slope stability.

Progressive mining toward the final pit geometry modifies the in-situ stress regime and may promote localization of
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shear strain along structurally weak planes. Therefore, a three-dimensional numerical investigation based on the Distinct
Element Method (DEM) was conducted to evaluate deformation patterns, shear strain concentration, block velocity
distribution, and overall slope stability under both pre-mining and post-mining conditions.

Methodology and Approaches

Slope stability was evaluated using the three-dimensional Discrete Element Method (DEM) implemented in 3DEC. The
model geometry, including regional topography and the final pit configuration, was first constructed in Rhino and
subsequently imported into the 3DEC environment. Major faults affecting the northern slopes were incorporated as
discontinuity surfaces based on field structural mapping using a Brunton compass and GPS. The lithological sequence—
comprising basement schist, Chal-daqi limestone, the ore zone, the Zarshouran unit, and Neogene deposits—was
represented as deformable blocks within the numerical model. Rock mass behavior was simulated using the elasto-plastic
Mohr—Coulomb constitutive model. Because the mine is currently in the early stage of development and available
geomechanical data are limited, the influence of the jointing system was incorporated indirectly into the rock mass
properties. To improve parameter reliability, a combined approach based on the Geological Strength Index (GSI) and
back-analysis was adopted to calibrate the geomechanical parameters in accordance with observed field conditions.
Additional calibration was performed through the back-analysis of an observed slope failure within the mine. Reduced
strength parameters were assigned to the fault zones to represent their weakened mechanical characteristics.

For the boundary conditions, the bottom boundary of the model was fully constrained, meaning that all translational
degrees of freedom of the blocks at the base were fixed in the x, y, and z directions, preventing rigid-body displacement
of the model foundation. The lateral boundaries were constrained in the normal direction to minimize boundary effects
while allowing tangential displacement, thereby approximating semi-infinite rock mass conditions. Gravitational loading
was applied to the entire model domain. To account for pore-pressure effects, the groundwater table was defined at an
elevation of 2345 m.

The analyses were conducted for two scenarios: pre-mining natural conditions and the final pit geometry after mining.
Slope stability was assessed based on the factor of safety, shear strain concentration, displacement magnitude, and block
velocity distribution within the critical sections of the slopes.

Results and Conclusions
The numerical results indicate that the slopes are highly stable under natural pre-mining conditions, with an overall factor
of safety of approximately 8, mainly due to the buttressing effect of the overlying limestone unit. Mining operations and
partial removal of the limestone unit reduce this stabilizing effect, lowering the overall factor of safety to approximately
1.5.
o  Shear strain concentration increases along lithological contacts and structural discontinuities, with a maximum
shear strain rate of approximately 3.3 x 1071, indicating activation of potential shear zones.
e Block velocity analyses reveal a maximum velocity of about 5.9 x 107> ™/ in the upper parts of the slope,
suggesting a higher potential for shallow planar sliding following excavation.
e  Groundwater pressure at lower elevations reduces effective stress and shear strength parameters, contributing
to localized instabilities, particularly near the main fault zone.
e The middle and lower parts of the slope remain relatively stable, indicating a low probability of deep-seated
failure under current conditions.
e From an engineering perspective, continuous geotechnical monitoring, periodic updating of the numerical
model, and effective groundwater drainage are recommended to ensure long-term slope stability.

Overall, the results demonstrate that although the slopes remain generally stable, mining activities increase the
likelihood of localized surface instabilities. These findings highlight the importance of three-dimensional DEM
modeling and appropriate geotechnical management in structurally complex open-pit mining environments
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