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Fig. 1. The map of the Shahrchai River Basin in Urmia and its location within the river basins of Iran 
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Table 1. A summary of geomorphic indices. 
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1 Hierarchical anomaly index. 
2 density of hierarchical anomaly. 
3 percent of basin asymmetry. 
4 Basin Shape Ratio. 
5 mean lenght of first order streams 
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Table 2. Parameters Ha, a∆ and ga in the studied basins  

��Z�   1�� ���5��= ��.� !� E >� JR��5� .�!�.�1 � +	�5 9� [Q��

�# �� .'<�(!"#→% × �'#→%)  

� → ( 90  

� → ) 153  

� → * 455  

+ → ) 34  

+ → * 168  

( → * 52  

Ha  952  

Δa  1.348441926  

ga  1.332176541  

 
 E�?T3��4��7 �4?(" . Z���(2�4 &3!� � ���('�R� ���� �LR�� ��  

Table 3. The number of streams and the bifurcation ratio in the study area.  

��4��7 �T�� ��4��7 �4?("  

1  1103  
2  730  
3  266  
4  128  
5  197  

Rb 1.74525  
 

 E�?T4��4��7 �4?(" . _���L�!� �� �T�� �� 
�� �� ��4� �"�'�� �T�� ;� ��) Z���(2�4 ^�L�!� &3!� �?���Rbd) Z���(2�4 89�� � (R �� (

�('�R� ���� �LR��  

Table 4. The number of streams of each order directly connecting to the next higher order, the Direct Bifurcation Ratio 
(Rbd), and the Bifurcation Index (R) in the study area 

��4��7 ��!� ��4��7 �4?("  

� → + 500 

+ → ( 113  

( → ) 24  

) → * 7  

Rbd 0.3325 

  R=Rb-Rbd 1.41275  

 
 

  

293  



��������	 ���� 
�� �
������ ����� ����19����� � 37   ��!��" � ��#� �1404   

 

 

4- C?B 89���0�1  ��L" C?B ������) �2/�	 

( ��L" : ? � 	�) q�P�!� 
�
R!DEM ���Y;*� 9��5 (

.���5� . � ���P;*� .��%��! 
,L� ��Z� 
��*��� � ��

/>�Z� xz* /@* />�Z� .,@� 	� �.=
> X,;Y� 9��

 ���� .<*�O� �.=
> J# />�Z� � /*�!  ?� �)5.( 

+ - T%�� J'� .5 /<Z� �! .��%��! /#�> /�� �!�G�


� )��1� .=
> 
,#�� !� G� .\���A . �# T%�� )

 	� �;��550 ���� � ��5 ����� .5 .��%��! J��@� � ���

 	� �;@# !� G� .# 
0�> !� �/*� .=
> dA /@* !�50 


� .=
> /*�! /@* .5 .��%��! J��@� �����5�� . ��5 )

 K��2� � 
'�V
0
�!
�
UV K������ /*� !��R T%��

/�0�1� 
0�@;>� .�	�* !�'�� �! .GH�� !� 
'��
;'� 9��

].5 K�<*�O� h</*�+ - T%�� !� G� �� �� �!�G�

)AF �5 �5��5 .10�H� �!
� .=
> 9��5 (39/54  )�� ./*�

���� !� G�+ - � ��� ����� /�� !� .�
� J5�R �!�G�

 dA /@* .5 9�;��5 J��@� .# /*� 
,L� .��%��!

 .�!�� .=
>.# 
�.����  ��
� 9!�;%�* K������ 	� 9�

/�0�1� 	� 
���� )�� !� . ��5 .GH�� !� 
'��
;'� 9�


�7�� )��A �
�� ��;*�!.��%��! !� 
���
� ��  ��
�

.5)��	 ?�1� 
>�
� 
��*��� 9��5 9!��1� ��
�-*��� �


.5)��	 �5 r<��� K��H% �5 .# 
G]��� !� �7�� � �	�0

JZ�.���� !��R ���P;*� �!
� � �;Z� .��
� 
��	  

5-  +/� &3!��0�1�2/�	 : T%��BS  !�B5� &�


�7�� 
5��	!� 9��5  �P�.=
> 
* �� 9��9�� 
�'�	


� � /*� +�� � 
� ��# K������ ��  �# &@# �� .5  ��
�

.=
>.�<� �! ��.5 .[��# 9	�* !� G� .# 
���	 ���% !
]

 T%��BS ���� � ��5 TY��  > &� 	� �;��5 � ���

./*� .=
> 
� �@% �� 
� ��#  	� .=
> �/0�> )�� !�

 � [Q����F 
,'� .5 J�H;Z� �� ����� .5 &��B� 
,'�


� J� <� � ��# 	� 
��� ��0
@1� 
� ��# )�� .�
�

/�0�1�E
*! �6��*�� �
'��
;'� 9����� �� 9!�v� �

)��	 K���������� "�*� �5 ./*� 
*��� � � .U�!� 9��

 ?� � !�6 T%�� !� G� �BS H� �!
� .=
> !� �5��5 .10�

 �562/5 ���� !� G� )�� ./*� � � .<*�O� �;�
,�#��� � 

 !� ./*� .=
> J'� !� .�
� J5�R ��;<Z� 
� ��#

.=
>
� ��# )��A .# 
���
� � ���� 
��� ��
�

/�0�1� ��0�@;>�.5 
�7�� )�� � /*� �2g� 
'��
;'� 9�� 

.���� ��
�-'�V
0
�!
�
UV � 9!�;%�* K������ 	� 9�
  !�


� E
ZO� .GH��.5 .�
� �
�� �.=
> )�� !� �7��


� 
� ��#/�0�1� �5 [�G;Z� N�<�!�  ��
� 9��

)��	� � 8 q
R� ?�@;>� � 
*���)��	  ���� 
���� �	�0 

JZ�. ��5 .;��� .GH�� !� 
��	  

  

  

 E�?T5C?B ������ �3��-� .�0�1  ��L"��
�('�R� ���� �LR�� �2/�	  
Table 5. Calculation of the Asymmetry Factor for the Drainage Basins in the Study Area 
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Table 6. The value of the BS index and the tectonic activity class in the basin of the study area. 
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Abstract 
This research examines the impact of tectonic activities on the drainage network anomalies in the 

Shaharchay watershed in northwestern Iran (Urmia). The study area exhibits distinct drainage patterns 

due to tectonic activities and geological changes. The objective of this study is to identify and analyze 

the relationship between tectonic activities and drainage network changes using morphometric analysis 

tools. For this purpose, tools such as a 10-meter resolution Digital Elevation Model (DEM), geological 

and topographical maps, and various geomorphic indices were used. The analytical method includes 

calculating indices such as Hierarchical Anomaly (Δa) and Hierarchical Anomaly Density (ga) to assess 

tectonic activities and analyze their correlation with drainage network changes. Additionally, indices 

such as Bifurcation Ratio (Rb), Direct Bifurcation Ratio (Rbd), Basin Asymmetry Factor (PAF), Basin 
Shape Ratio (BS), and Mean Length of First-Order Streams (LN1) were used to identify structural 

features and tectonic trends. The results indicate that the values of Hierarchical Anomaly indices (1.34) 

and Hierarchical Anomaly Density (1.33) suggest the presence of structural anomalies and significant 

tectonic activities in the area. The analysis of the Bifurcation Ratio index (R = 1.41) indicates high 

tectonic activity and the lack of drainage network development in certain areas. Furthermore, the Basin 

Asymmetry Factor (PAF = 54.39) confirms the inclination of streams toward the left bank and the 

likelihood of tectonic activities in this part. The Basin Shape Ratio (BS = 5.62) and the Mean Length of 

First-Order Streams (LN1 = 0.517 km) also indicate an undeveloped drainage network affected by active 

tectonics. The findings of this research demonstrate that tectonic activities have a significant impact on 

the region's drainage patterns. These findings can be useful in assessing geological hazards such as slope 

processes and in development planning and crisis management in this watershed. 
 

Keywords: Tectonics, Drainage Network Anomalies, Shahrchay Watershed, Geomorphic Analysis, 

Drainage Evolution 

 

Introduction 
The relationship between tectonics and 
drainage network anomalies is a key topic in 

geology, providing crucial information about 

the tectonic history of active areas. Drainage 

networks, as one of the most sensitive 

geomorphological systems, respond to tectonic 

changes and can reveal signs of tectonic 

activities such as changes in water flow 

direction, river deviation, and channel 

anomalies. These features are especially 

prominent near active faults, where tectonic 

movements cause changes in slope, flow 

patterns, and distribution of ranges. 

The formation and evolution of drainage 

networks are influenced by two major 

processes: the uplift of rock formations and 

erosion. These processes can alter drainage 

patterns and provide identifiable signs of the 
region's tectonic history. For example, changes 

in the rate and speed of uplift lead to changes 

in drainage patterns, which can result in the 

diversion of main flows, changes in river 

angles, or the emergence of break points in the 

flow path. Such phenomena have been clearly 

observed in regions like the Middle Atlas, 

which have complex tectonic histories. Recent 

research in regions such as northwestern Italy, 

central Greece, southern Apennines, and the 

Middle Atlas has shown that neotectonic 

activities have had significant impacts on 

drainage patterns and the formation of their 

anomalies. These studies emphasize that 

changes due to active tectonics can include 

river flow diversion, increased or decreased 
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erosion intensity, and the creation of unnatural 

slopes in river paths. Drainage networks are 

among the most important natural systems for 

water resource management and the formation 

of geological landscapes. These networks are 

influenced by a set of factors, including 

tectonic activities, erosion processes, and 

climatic changes. In areas with high tectonic 

activity, drainage networks are not only 

indicators of tectonic changes but also reflect 

dynamic Earth processes. These reflections 

include phenomena such as changes in water 

flow paths, river deviation, and the creation of 

various anomalies in drainage network 

structures. The Shahrchay watershed, located 

in northwestern Iran, due to its unique 

geographical and geological position and 

proximity to active faults such as the Tabriz 

fault, is an ideal environment for studying 

tectonic impacts on drainage networks. This 

region, with a long history of tectonic 

activities, has caused anomalies such as 

changes in river slopes, basin asymmetry, and 

deviation of main and secondary river branches 

in response to tectonic movements. 

This study aims to identify and analyze the 

relationship between tectonic activities and 

changes in the drainage network, utilizing 

morphometric analysis tools in the Urmia City 

Chahchai watershed. Given the importance of 

water resource management and the need for 

sustainable planning for regional development, 

understanding the precise impacts of tectonics 

on drainage networks is essential. These 

impacts can cause significant changes in river 

paths, water resource distribution, and the 

stability of local ecosystems. 
 

Materials and Methods 
Primary research data were collected from 

various sources, including books, theses, and 

scientific articles related to the region's 

tectonics and geomorphology. Geological 

maps of Urmia, Oshnaviyeh, Silvana, and 

Serow (Kangjin) at a scale of 1:100,000 and 

topographic maps at a scale of 1:50,000 were 

used for this purpose. Additionally, a Digital 

Elevation Model (DEM) with a 10-meter 

resolution was obtained from reliable sources 
and processed for subsequent analyses. 

Geomorphic indices such as the asymmetry 

factor, valley height-to-width ratio, river 

sinuosity, and drainage network slope were 

selected for analysis. Collected spatial data 

were analyzed using ArcGIS software. This 

analysis included preparing slope maps, river 

longitudinal profiles, and calculating 

morphometric indices. The GIS analysis 

results were compared and interpreted with the 

region's geological data to clarify the role of 

tectonics in creating drainage network 

anomalies. 
 

Results and Discussion 
This research examined the impact of tectonic 

activities on valleys and river paths using 

geomorphic indices. Indices Δa (1.34) and 
hierarchical anomaly density (1.33) indicate 

the presence of structural anomalies and 

significant tectonic activity in the region. The 

bifurcation ratio (Rb) and direct bifurcation 

ratio (Rbd) with values of 1.74 and 0.33, 

respectively, indicate a lack of structural 

disturbance in certain areas and less tectonic 

activity. However, the overall bifurcation 

index (R), equal to 1.41, suggests high tectonic 

activity at the regional scale. The basin 

asymmetry factor (PAF = 54.39) also confirms 

the tendency of waterways towards the left side 

and the likelihood of tectonic activities in this 
part. Basin shape ratio (BS = 5.62) and the 

average length of first-order streams (LN1 = 

0.517 km) indicate an immature drainage 

network affected by active tectonics. 

The findings of this research indicate that the 

values of geomorphic indices suggest 

significant tectonic activities in the Shahrchay 

watershed. These results demonstrate that 

tectonic activities not only cause changes in 

drainage patterns but can also lead to the 

creation of structural and dynamic anomalies. 

For example, the bifurcation index indicates 

significant changes in the structure of the 

drainage network and tectonic movements that 

increase the number and length of lower-order 

streams. The basin asymmetry index also 

shows the tendency of main flows towards the 

left side of the basin, which can result from 

tectonic activities. 

Other indices were also used to evaluate 

tectonic activities. The drainage basin shape 

ratio index indicates the geometric shape of 

basins and their tectonic impacts. Large values 

of this index generally indicate elongated 
basins in tectonically active areas, while 

smaller values point to circular basins in 

inactive areas. Additionally, the average length 

of first-order streams indicates an immature 

drainage network affected by active tectonics. 

These indices were used as important tools in 
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identifying and evaluating tectonic activities 

and drainage network anomalies. 

 

Conclusions 
The analysis of geomorphic indices in the 

Shahrchay watershed indicates significant 

tectonic activities. The examined indices 

suggest the presence of structural anomalies 

and active tectonic activities in the region. 

These results can be effective in identifying 

and assessing geological hazards in the area, 

providing valuable information for crisis 

management and regional development 

planning. Indices Δa, hierarchical anomaly 

density, bifurcation ratio, and basin asymmetry 

all indicate tectonic impacts. Additionally, the 

average length of first-order streams indicates 

an immature drainage network affected by 

active tectonics. These findings can be 

effective in assessing geological hazards such 

as landslides and floods, as well as in planning 

for development and crisis management in this 

watershed. A more precise analysis of 

geomorphic indices, integrated with 

environmental variables such as climate and 

lithology, can provide a comprehensive 

understanding of tectonic processes and 

watershed evolution. 
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