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This study aims to monitor and distinguish the origin of ground surface elevation changes in the Gol-e-Gohar
mining area using a time-series analysis of 16 Sentinel-1 SAR images acquired between 2017 and 2025, applying the
SBAS-InSAR technique. The results reveal that the highest magnitude of surface lowering occurs within mining pit
areas, with rates exceeding 300 mm/year, primarily driven by excavation activities, artificial topographic
modifications, and mechanical processes, and therefore not representative of true aquifer-related subsidence. In
contrast, regional and continuous land subsidence is observed in the Chah-Deraz Plain, with an average rate of
approximately 10 mm/year, and in the agricultural lands east of the Sirjan salt flat, with an average rate of about 7
mm/year. These lower but spatially coherent subsidence patterns are consistent with long-term groundwater level
decline. The Sirjan salt flat exhibits complex surface deformation behavior influenced by processes such as evaporite
dissolution and moisture variations, which may produce signals similar to subsidence. The findings demonstrate that
failure to differentiate mining-induced deformation from hydrogeological subsidence may lead to significant
overestimation of subsidence hazards. This study highlights the necessity of a source-based, differentiated
interpretation framework for accurate hazard assessment, sustainable groundwater management, and informed

decision-making in mining regions.

Introduction

Land subsidence is a geomorphological phenomenon
characterized by gradual or sudden downward displacement of
the ground surface, commonly associated with groundwater
overexploitation, mining activities, sediment compaction, and
dissolution processes in evaporitic environments. In arid and
semi-arid regions, excessive groundwater withdrawal has
become one of the most critical drivers of regional land
subsidence, leading to irreversible aquifer compaction,
infrastructure damage, and environmental degradation (Raspini
et al., 2022). However, in mining districts, surface elevation
changes may reflect a combination of true subsidence processes
and localized anthropogenic modifications, such as excavation,
pit slope adjustment, blasting-induced compaction, waste
dumping, and artificial topographic alterations.

The Gol-e-Gohar mining area, located in south-central Iran,
is one of the largest iron ore mining districts in the country and
has experienced extensive open-pit mining, large-scale
groundwater drainage, and rapid industrial development during
the past two decades. Continuous dewatering of mine pits,

combined with intensive groundwater abstraction for
agricultural purposes in surrounding plains, has raised concerns
regarding the occurrence, magnitude, and spatial distribution of
land subsidence in the region. At the same time, observed
surface lowering within mining pits may not necessarily
represent hydrogeological subsidence but rather localized
surface deformation induced by mining operations.
Interferometric  Synthetic  Aperture Radar (InSAR)
techniques provide a powerfu | means for monitoring ground
deformation over large areas with high spatial resolution and
temporal continuity (Fadhillah et al., 2024). Among various
INSAR approaches, the Small Baseline Subset (SBAS-INSAR)
method is particularly suitable for long-term deformation
analysis in heterogeneous terrains, as it reduces temporal and
spatial decorrelation effects and mitigates atmospheric
disturbances. This study aims to evaluate surface elevation
changes and land subsidence patterns in the Gol-e-Gohar
mining region using multi-temporal Sentinel-1 SBAS-InSAR
data, with a specific focus on distinguishing true groundwater-
induced subsidence from mining-related and salt-flat-related
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surface deformation. Such differentiation is essential for reliable
hazard assessment, sustainable groundwater management, and
informed infrastructure planning in mining environments.

Materials and Methods

This study employed a multi-temporal SBAS-INSAR
approach to quantify ground surface deformation in the Gol-e-
Gohar mining district and adjacent plains. A dataset consisting
of 16 Sentinel-1A/B Synthetic Aperture Radar (SAR) images
acquired in descending orbit mode between May 22, 2017, and
April 22, 2025, was obtained from the Alaska Satellite Facility
data archive. Sentinel-1 imagery was selected due to its
consistent acquisition geometry, short revisit time, and proven
capability for deformation monitoring in arid and semi-arid
regions.

Interferometric processing was conducted by constructing a
network of interferograms based on predefined temporal and
perpendicular baseline thresholds to ensure high coherence and
reliable phase information. A connection graph was established
to optimize redundancy within the interferometric network.
Ground Control Points (GCPs) were incorporated to improve
orbital precision and reduce long-wavelength phase errors.

Topographic phase components were removed using a
digital elevation model, followed by adaptive filtering to
suppress noise and atmospheric artifacts. Phase unwrapping was
applied to retrieve continuous deformation signals, and residual
atmospheric, orbital, and noise components were minimized
through time-series inversion. The resulting deformation rates
were geocoded and converted into annual vertical displacement
maps expressed in millimeters per year.

To interpret deformation mechanisms, InSAR-derived
results were integrated with geological, geomorphological,
hydrogeological, and land-use information. Particular emphasis
was placed on differentiating deformation signals associated
with active mining pits, salt flats, agricultural lands, and natural
alluvial deposits, allowing for a comprehensive assessment of
deformation sources.

Results and Discussion

The SBAS-INSAR analysis revealed pronounced spatial
heterogeneity in surface deformation across the Gol-e-Gohar
region. High-magnitude negative elevation changes, locally
exceeding 300 mm/year, were primarily detected within and
adjacent to active open-pit mines. These extreme deformation
rates are mainly attributed to excavation activities, waste
dumping, blasting-induced compaction, and artificial
topographic modification, rather than true subsidence related to
aquifer compaction.

In contrast, surrounding alluvial plains, particularly Dasht-e
Daraz Chah and the eastern agricultural plain, exhibited lower
but spatially coherent subsidence rates typically ranging from
10 to 50 mm/year. These deformation patterns are continuous
over time and extend across broad areas, consistent with land

subsidence driven by long-term groundwater level decline and
gradual sediment compaction. The spatial continuity and
temporal persistence of these signals strongly support a
hydrogeological origin.

Salt flats within the study area displayed complex
deformation signatures characterized by moderate subsidence
rates and localized surface changes. In these environments,
surface elevation variations may result from a combination of
groundwater extraction, evaporite dissolution, salt erosion,
sediment redistribution, and episodic surface processes.
Without careful interpretation, such signals could be
misidentified as groundwater-induced subsidence, highlighting
the necessity of integrating geological context into InSAR-
based analyses.

Time-series analysis indicated a generally increasing
subsidence trend in agricultural plains over recent years,
coinciding with intensified groundwater abstraction for
irrigation. Deformation curves exhibited smooth, progressive
behavior with limited short-term fluctuations, suggesting
dominance of long-term hydrogeological controls rather than
transient surface loading or climatic effects. These findings
demonstrate that interpreting the entire Gol-e-Gohar area as a
uniform subsidence zone would lead to substantial
overestimation of subsidence hazards and potentially
misleading management decisions.

Conclusions

This study demonstrates that surface elevation changes in
the Gol-e-Gohar mining district are governed by multiple
deformation mechanisms, including true groundwater-induced
subsidence, mining-related surface modification, and salt-flat
processes. SBAS-INSAR analysis confirms that severe surface
lowering within mining pits does not represent regional land
subsidence and should not be directly interpreted as an indicator
of aquifer instability.

In contrast, moderate but spatially continuous subsidence in
surrounding agricultural and alluvial plains is closely linked to
sustained groundwater level decline and progressive sediment
compaction. Accurate differentiation between deformation
mechanisms is therefore essential for reliable hazard zonation,
infrastructure  planning, and sustainable groundwater
management.

The integrated SBAS-INSAR and geological interpretation
framework presented in this study provides a robust basis for
deformation monitoring in complex mining environments. The
results emphasize that INSAR-derived deformation maps must
be interpreted contextually to avoid misclassification of
anthropogenic surface changes as true subsidence. This
approach offers valuable insights for environmental
management, risk mitigation, and long-term planning in arid
and semi-arid mining regions.
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Fig. 3. Spatial distribution map of land subsidence rates in the Gol-e-Gohar mining area across four zones: Chah-Deraz Plain, mine pit areas, salt

flat, and agricultural lands east of the salt flat.
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Fig. 4. Spatial distribution map of land subsidence rates in the Gol-e-Gohar mining area after removing surface elevation variations in the mine
pit areas and the salt flat.
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Fig. 5. Spatial distribution map of land subsidence rates ranging from 10 to 25 mm per year in the Chah-Deraz Plain, salt flat, and agricultural lands
east of the salt flat
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Fig. 6. Enlarged view of the spatial distribution map of land subsidence rates ranging from 10 to 25 mm per year in the Chah-Deraz Plain and

agricultural lands east of the salt flat.
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Fig. 10. Mean temporal variations of land subsidence in the agricultural lands along the eastern margin of the salt flat.
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