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Rivers are environmental features that react strongly to changes in
their beds. Tectonics is the most important factor affecting the
morphology of rivers, causing significant changes in river systems. In
this study, we investigated the effect of tectonic activity on river
systems in the eastern slopes of Mullah Daghi, southeast of Zanjan
province. This area is drained by the Abhar River. We used the Digital
Elevation Model (DEM), Geographic Information System (GIS), and
Global Mapper 13 for our investigation. In the ArcGIS software
environment, we used the DEM to prepare required maps, including
geological maps and topography. We used the 1:250,000 Geological
Map of Zanjan to create the fault map. To achieve our research
objectives, we analyzed tectonic activity indicators such as mountain
front sinuosity, basin shape, drainage density, longitudinal gradient of
the river, river meanders, basin asymmetry, hypsometry integral,
topographic symmetry of the basin, and width of the valley floor to
the height. These indicators were combined to calculate the tectonic
activity index (IAT). The results obtained through the IAT index
indicate the activation of tectonic and neotectonic activities in the
Ardejin and Abhar watersheds, and moderate activity in the Zareh
Bash basin. These activities have different impacts on the river
systems in the studied basins, such as river meanders in the Ardejin
watershed basin, tilted watersheds in Abhar and Ardejin, and
elongated basins in Zareh Bash.
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Introduction

There exists a certain form of interaction between tectonic movements and alterations in the
river system. The response of river systems to tectonic activities is greatly influenced by the
nature of the activity itself, as well as the scale of the river. The study area, situated on the
eastern slopes of Mullah Daghi, is positioned to the west of Abhar city and Khoramdareh,
both of which fall under the jurisdiction of Zanjan province. The region in question is drained
by the Abhar river. The primary objective of this research endeavor was to examine the
impact of tectonic activities on river systems in the eastern slopes of Mullah Daghi.

Material and Methods

In this study, a diverse range of tools and data were utilized to undertake an investigation
into the tectonic geomorphology of the Abharrood basin. Topographic maps of the Abhar
region, with a scale of 1:50,000, were employed, along with two additional sheets at a smaller
scale. Furthermore, a geological map of Zanjan, with a scale of 1:250,000, was utilized.
Additional sources of data included a Digital Elevation Model (DEM) with a resolution of
30 x 30 meters, satellite images, and a Global Positioning System (GPS) device for accurate
positioning. The analysis and interpretation of the collected data were facilitated using
ArcGIS 10.2 software and Global Mapper 13 software .1t is worth noting that despite the
presence of faults in Zanjan province, both to the north and south, the tectonic
geomorphology of the Abharrood basin had not been thoroughly investigated. To address
this research gap, various geomorphic indices were employed in this study. These indices
served as indicators for examining the tectonic processes in the area. The specific indices
used in this study included the Mountain Front Sinuosity Index, Ratio of Valley-Floor Width
to Valley Height, Index of Drainage Basin Shape, River Maze Index, Drainage Basin
Asymmetry Index, Stream Length-Gradient Index, Drainage Coefficient Index, Reverse
Topographic Symmetry Index, Hypsometric Integral Index, and IAT Index.

Results and Discussion

Results obtained from geomorphic indices:

Drainage coefficient index: A high drainage coefficient indicates active tectonic activity
and high sensitivity of the geological formations in the basin. The presence of faults and
maze-like structures in the waterways indicates youthful activity and an imbalance in the
Abhar, Ardejin, and Zara bash watersheds. The results obtained for the studied basins
indicate high tectonic activity .Index of drainage basin shape: High values of this index are
associated with elongated basins, which are more tectonically active than circular basins.
The values obtained for the studied basins indicate the activation of the Ardejin and Abhar
watersheds, as well as the Zara bash basin .Mountain Front Sinuosity Index: Large values
of this indicator indicate erosion processes in the region. In the Ardejin and Zara bash
watersheds, tectonic activity is inactive and erosion processes are active. In the Abhar
watershed, there is semi-active tectonic activity .Ratio of valley-floor width to valley
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height: This index helps identify older and younger valleys. In the studied basins, tectonic
activity is semi-active, resulting in V-shaped valleys and deepened river beds.

River Maze Index: Tectonic variations cause changes in river valley slope. To maintain a
steep gradient, the river meanders. The results of this study indicate active tectonics in the
studied basins .Drainage basin asymmetry index: Numeric values greater than 50 indicate
dominance on the right bank, whereas values less than 50 indicate dominance on the left
bank. The basins show tilting, with the Abhar and Ardejin basins tilting towards the left bank
and the Zara bash basin tilting towards the right bank .Hypsometric integral index: High
numerical values for this index represent a young topography, while moderate and low
numerical values represent adult and old topography, respectively. The Zara bash basin
exhibits relatively active tectonics (adult basin), while the Ardejin and Abhar basins
experience low tectonic activity (old basin) .Topographic symmetry index: According to
the calculations, the basins are asymmetric. Tectonic activity is observed in the Abhar and
Ardejin catchments, while it is evaluated as semi-active in the Zara bash basin .Stream
length-gradient index: The profiles of the studied basins show variations in values,
indicating the influence of faults and different lithologies. Overall, the assessment of this
indicator suggests inactivity of tectonic activities in the basins .Alluvial fan: Without
permanent tectonic activity, alluvial fans take the form of small, short-lived formations. The
mountainous elevation causes new sedimentary materials to accumulate on the surface of the
alluvial fan. Tectonic factors affect the texture and position of the cones. In the Ardejin
watershed, a conifer is formed due to the interaction of zone faults with soft sediments.

Conclusion
The study area encompasses the Abharrood sub-branches in Abhar city and Khoramdareh

(Zanjan province), which are situated within the Tehran-Tabriz fault zone. This region is
being assessed for active tectonics due to its proximity to the active faults of Qazvin province
(consisting of 8 active faults) and its adjacency to the tectonic hole of Tarom. This research
focuses on investigating the impacts of tectonic activities on river systems, including the
basin, main stream, and alluvial fan, within this region. Tectonic activities have generally
influenced the shape of the waterways in the studied basins, resulting in changes in the
drainage network. The drainage density index (river maze) has been utilized to assess the
effect of drainage networks. The examination of the index of drainage basin shape has
determined that the Abhar and Ardejin watersheds are semi-active, while the Zara bash
watershed exhibits activity due to tectonic processes. The drainage basin asymmetry index
indicates tilting in the Abhar and Ardejin watersheds. The formation of alluvial fans is
attributed to the sudden reduction in river power caused by variations in topographic slope,
as observed in the Ardejin catchment area. Faults in proximity to the alluvial fans play a
significant role in their formation. The existing cones are formed on quaternary sediments.
Additionally, the lithology of the basins has influenced tectonic activity and led to variations
in activity levels across different parts of the basins. The results obtained from the
examination of geomorphic indices and the IAT index indicate a high level of neotectonic
activity in the Abhar and Ardejin watersheds, and moderate activity in the Zara bash Basin.

Keywords: Tectonic, Neotectonic, Morphotectonic Indices, River Systems, Eastern Slopes
of Mullah Daghi, Zanjan Provinc
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