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Landslides, as one of the unstable slope processes, play an important role in transforming
mountainous landscapes and are a serious challenge in environmental management by causing
changes in topography and destroying infrastructure. In this study, in order to evaluate the
distribution of landslides and their relationship with morphotectonics, two basins of Tang
Hamam and Alvand (Sarpol Zahab) in the Zagros zone were investigated. Using field studies
and satellite images, a total of 65 landslide events were identified, and the ratio of landslide area
to basin area (LA) and landslide density (LD) in the basins were obtained. Then, using
geomorphological and tectonic indices, such as hypsometric integral (Hi), the valley height-
width ratio (Vf), the basin asymmetry factor (Af), basin shape (Bs), the stream gradient-length
ratio (SL), the mountain-front sinuosity (Smf), and Relative Tectonic Activity Index (lat), the
tectonic status of the basins was evaluated. Also, factors affecting the occurrence of landslides,
including faults, earthquake focus, slope, and litology, and their quantitative relationship with
the extent and frequency of landslides, were investigated. Spatial analyses of morphometric
indices and relative tectonic activity index showed that tectonically, both the Tang Hamam and
Alvand basins have moderate activity with values of 2.33 and 2, respectively. The ratio of
landslide area to the basin area is 23.69% in the Tang Hamam basin whereas this ratio is 0.45%
in the Alvand basin. Investigating the distribution of landslides relative to active faults and
earthquake epicenters also showed that more than 97 percent of landslides are located less than
2 kilometers from active faults and more than 95 percent of them are located near earthquake
epicenters. The findings also show that slope gradient is one of the effective factors in the
occurrence of landslides, and the highest density of landslides was observed in slope angle class
of 15-30 degrees. Geologically, most landslides have occurred in loose, low-resistance
formations such as Amiran, Pabdeh, and Young alluvial deposits. Also, the presence of
alternating hard layers of Asmari formation over loose and soft layers such as Pabdeh,
especially in the Alvand basin and the slopes of the Shahneshin Mountain in the Tang Hamam
basin, has led to increased instability and the occurrence of landslides. Overall, the study area
has moderate tectonic activity with significant structural heterogeneity. These conditions,
especially in areas that are simultaneously affected by geology, faults, earthquakes, slope, and
morphometric features, increase the occurrence of landslides.
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Introduction

landslides as one of the most important hazards cause human and financial losses every year. Tectonic
activities play a significant role in the occurrence of slope movements in the Zagros mountain range as
one of the tectonically most active regions in Iran. Earthquakes, fault activity, tectonic uplifts, folding,
and fault-induced fractures and joints are critical factors contributing to these slope instabilities.
Moreover, the rock fractures caused by faulting increase the permeability of rocks, thereby
accelerating both mechanical and chemical weathering processes. This, in turn, intensifies the
likelihood of landslide events. In this study, the analysis of landslides has been carried out by
considering the combined role of lithological, tectonic, and geomorphological factors of the region, in
the Tang Hamam and Alvand basins.

Methodology

In this study, first, small and large landslides were identified and extracted using a digital elevation
model with a resolution of 12.5 m, topographic maps of 1:500,000 and satellite images available in
Google Earth, ArcGIS and Global Mapper software. Then, a number of landslides were examined on a
case-by-case basis with field observations of the study area. Faults and their structural information
were drawn using 1:100,000 geological maps of Kerend, Qasr-e Shirin, Bayangan and Sarpol Zahab
sheets. Data related to earthquake epicenters were received from the national seismological center of
the institute of geophysics, university of Tehran. The sub-basins of the region were extracted using
Archhydro software. Finally, the extent and intensity of tectonic activities and the impact of these
activities on landslides in the region were calculated using morphometric indices and the
morphotectonic index (lat).

Result and Discussion

Morphotectonic indices show that the study area has moderate tectonic activity, but significant
heterogeneity is observed at the sub-basin level. For example, in the Tang Hamam basin, sub-basin 2
has high tectonic activity and sub-basin 3 is in a low state. The results of morphometric indices such as
hypsometric integral, mountain-front sinuosity, and basin shape index also indicate that in some areas
tectonic effects on the form and structure of the basins are obvious. While in others, signs of structural
stability and complete erosion are seen. The concentration of more than 84% of landslides on slopes
above 15 degrees confirms the importance of this factor in the occurrence of slope instability. The
concentration of more than 95% of landslides within a radius of less than 2 km from faults and the
significant proximity of landslides to earthquake epicenters indicate that seismic activity and tectonic
structures play a key role in inducing slope instability. Among the fault activities in the region, the
Kerend fault plays a decisive role in the formation of the structure of the Rijab syncline and the
intensification of ground instability. In terms of geology, the highest frequency of landslides in Tang
Hamam is observed in the Amiran Formation due to low resistance (56.72%) and in the Young alluvial
deposits due to the loose and cement-free composition (26.4%). In the Alvand basin and parts of the
Tang Hamam Basin, landslides have also occurred in the Asmari Formation. The location of weak and
unstable formations such as the Pabdeh below the hard and resistant Asmari Formation has provided
conditions for slope instability, which has resulted in numerous landslides, especially on the slopes of
the Shahneshin Mountain.

Conclusion

The study of landslides in the two studied basins using morphometric indices and spatial analyses
showed that the study area has moderate tectonic activity. The results also show that slope gradient plays
an important role in the occurrence of landslides, so that the highest density of landslides has been
observed in the slope angle class of 15-30 degrees. The presence of more than 95% of landslides in the
vicinity of faults and earthquake foci less than 2 km also emphasizes the determining role of tectonic
structures and seismic activity in creating slope instabilities. Geological survey of the studied area shows
that the highest occurrence of landslides is observed in formations such as Amiran, Pabdeh and new
alluvial deposits; formations that are prone to landslides due to low resistance and inherent instability.
Finally, the results of this study indicate the importance of combined analysis of geomorphological
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indicators, seismic data, geological conditions and tectonic structures in accurate assessment of landslide
risk.
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