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ARTICLE INFO ABSTRACT

The Alamut River basin, located in the Central Alborz Mountains of northern Iran, lies
within an active compressional tectonic regime and is strongly influenced by regional fault
systems. This study aims to evaluate the level of tectonic activity and to clarify its role in
controlling the drainage network pattern using quantitative geomorphic indices. The
analysis was conducted on 23 sub-basins (9 on the left bank and 14 on the right bank)
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Article History: based an ALOS digital elevation model (12.5 m resolution), 1:100,000 geological maps,
Received: 25 February 2025 1:25,000 topographic maps, and satellite imagery within a GIS environment. The applied
Revised: 11 May 2026 geomorphic indices include the ratio of first-order streams to total streams (Ni/N),
Accepted: 12 May 2026 drainage density (Dd), first-order drainage density (Dd:), drainage frequency (Df), mean

stream spacing (SMD), percentage of basin asymmetry (PAF), and drainage basin
orientation (DBO). The calculated indices were normalized and classified using the
quartile method into four tectonic activity classes ranging from low to very high. The
results reveal a spatially heterogeneous distribution of tectonic activity across the basin.
Higher tectonic activity is concentrated in the eastern, southeastern, and northeastern sub-
basins (notably R13, R12, R8, L9, and L2), whereas the central and western parts exhibit
relatively lower activity levels. The spatial correspondence between high-activity zones
and the Alamut and Taleghan fault systems indicates strong structural control over
drainage development. Elevated values of morphometric indices in active sub-basins
suggest ongoing uplift, structural tilting, and geomorphic rejuvenation. The findings
confirm the efficiency of integrated quantitative morphometric analysis in identifying
tectonically active zones in mountainous regions and provide a useful framework for
tectonic geomorphology and hazard assessment in the Central Alborz.
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Introduction

Active tectonics is a fundamental driver of landscape evolution in mountainous regions and plays a
crucial role in shaping drainage systems and basin morphology. In tectonically active belts such as the
Alborz Mountains, crustal shortening, faulting, uplift, and folding continuously modify topography
and influence geomorphic processes. The Alamut River basin, located in the central Alborz, lies
within an active compressional regime resulting from the convergence between the Arabian and
Eurasian plates. This study aims to clarify the relationship between structural elements and the
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configuration of the drainage network, as well as to determine the spatial distribution of tectonic
activity within the basin.

Methodology

In this study, drainage networks and sub-basins were extracted using a digital elevation model (DEM)
with a spatial resolution of 12.5 m. Topographic maps (1:25,000 scale), geological maps (1:100,000
scale), and satellite imagery available in Google Earth were also used to enhance spatial accuracy.
Hydrological analysis tools in a GIS environment were employed to delineate 23 sub-basins, comprising
9 left-bank and 14 right-bank sub-basins. Several morphometric and morphotectonic indices were
calculated for each sub-basin, including the ratio of first-order streams to the total number of streams of
all orders (N41/N), drainage density (Dd), first-order drainage density (Dd,), drainage frequency (Df),
sinuosity of the main drainage (SMD), percentage of asymmetry factor (PAF), and drainage basin
orientation (DBO). In addition, selected morphotectonic indices—such as hypsometric integral,
mountain-front sinuosity, and basin shape index—were used to assess the tectonic influence on basin
morphology. Finally, a morphotectonic activity index was calculated to determine the relative tectonic
intensity of each sub-basin and to produce a tectonic activity zoning map.

Results and Discussion

The calculated morphotectonic indices indicate that the Alamut River basin exhibits overall moderate
tectonic activity, although significant spatial heterogeneity is observed at the sub-basin scale. Several
eastern and northeastern sub-basins show high tectonic activity, whereas some central and western
sub-basins are classified as having low to moderate activity. Indices such as the hypsometric integral
and mountain-front sinuosity reveal clear tectonic signatures in structurally controlled areas, while
other parts of the basin display signs of geomorphic maturity and relative stability. Elevated values of
the PAF and N,/N ratios in active sub-basins suggest drainage rejuvenation and structural
deformation. Spatial analysis demonstrates a strong relationship between tectonic structures and
drainage orientation. Sub-basins located near major thrust faults exhibit higher morphometric index
values, indicating active uplift and structural control.

Conclusion

The morphometric and morphotectonic analysis of 23 sub-basins of the Alamut River demonstrates
that the study area is characterized by moderate but spatially variable tectonic activity. Eastern and
northeastern sub-basins exhibit higher tectonic intensity compared to central and western sectors. The
findings indicate that active fault systems exert strong control on drainage organization, basin
asymmetry, and morphometric characteristics. The integration of multiple geomorphic indices
enhances the accuracy of tectonic activity assessment compared to single-index approaches. Overall,
this study highlights the importance of combined geomorphological and structural analysis for
identifying active tectonic zones in compressional mountain belts and provides a quantitative
framework applicable to similar tectonically active regions.
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