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The Zanjan-Rud Basin, located in northwestern Iran, is a tectonically active region 

influenced by major faults such as the Sultaneih and Northern Zanjan faults. This 

study aimed to evaluate the morphotectonic status of the basin using digital elevation 

model (DEM) data and the application of Fibonacci golden ratios (0.236, 0.382, 0.5, 

0.618, 0.764, and 1) for slope classification. The results revealed that over 84.6% of 

the basin lies within a slope range of 7–23%, indicating generally weak to moderate 

tectonic activity. However, areas with slopes exceeding 76% (Fibonacci ratio 0.764) 

and above 76% (ratio 1) were identified along structural lineaments, particularly near 

the Sultaneih and Northern Zanjan faults. These zones exhibit steep topography, 

deep valleys, and abrupt changes in drainage patterns, suggesting potential 

neotectonic influence. Lithological resistance was also found to play a significant 

role in shaping high-slope features, especially in areas dominated by andesitic and 

metamorphic rocks. Comparative analysis with previous studies indicates that while 

some geomorphic features may be attributed to erosional processes and base-level 

adjustments during the Quaternary, others reflect recent tectonic activity. The use of 

Fibonacci ratios proved effective in identifying critical thresholds in topographic 

variation, offering a novel quantitative approach for neotectonic assessments in 

similar geological settings. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Drainage basins serve as key natural units in geomorphological, hydrological, and tectonic studies, 
preserving records of dynamic tectonic processes through topographic formation, drainage network 
patterns, lithological distribution, and erosional evolution. These units are influenced by a range of 
factors, including structural features, neotectonic activity, erosion, and sedimentation, with the 
interaction of these elements shaping distinct morphological patterns. Therefore, integrated approaches 
to studying such basins can provide deep insights into regional tectonic conditions. 

The Zanjan-Rud Basin, located in northwestern Iran, holds a strategically significant tectonic position 
at the junction of the Central Iranian structural block and the Alborz-Zagros zone. Throughout various 
geological periods, this region has been shaped by extensive tectonic processes that have led to the 
formation of structures such as the Zanjan-Abhar graben, compressional faults, and uplifted blocks 
(horsts) in both the northern and southern highlands. The presence of major faults, particularly the 
Northern Zanjan Fault and the Sultaneih Fault, plays a crucial role in defining the basin's topographic 
and structural characteristics. 

In recent years, there has been growing interest in using morphotectonic indices to identify areas 
affected by recent tectonic activity. Commonly used indices include the stream length gradient index 
(SL), the valley floor width-to-height ratio (VF), the asymmetry factor (AF), and the topographic 
position index (TPI) — all of which provide quantitative tools for assessing tectonic influence. 
However, more recently, mathematical and geometric patterns found in nature — such as the 
Fibonacci golden ratios (0.236, 0.382, 0.5, 0.618, and 0.764) — have also gained attention in 
morphotectonic research. These ratios, derived from natural patterns observed in plant structures, 
animal forms, and even cosmic geometries, are increasingly being applied in geomorphological studies 
as powerful tools for identifying critical thresholds and abrupt changes in topography. 

 

DATA AND METHODOLOGY  

This study aims to assess the morphotectonic status of the Zanjan-Rud Basin in northwestern Iran and 
to identify zones potentially affected by neotectonic activity based on natural mathematical patterns — 
specifically, the Fibonacci golden ratios. Employing an integrative approach, the research utilizes 
spatial, lithological, structural, and topographic data within a morphotectonic analytical framework. 

Data collection and preprocessing, including the use of Digital Elevation Models (DEM), lithological 
maps, land-use maps, and structural/fault maps. 

1. Slope layer extraction from the DEM. 
2. Classification of slope values according to the Fibonacci golden ratios. 
3. Morphotectonic interpretation of high-slope zones. 
4. Spatial and structural analysis of selected sub-basins to identify factors influencing neotectonic 
development. 
All datasets were integrated and aligned within a Geographic Information System (GIS) environment. 
Structural and fault maps were updated based on the latest field and geophysical studies. Slope layers 
were extracted from the DEM and classified according to the Fibonacci ratios (0.236, 0.382, 0.5, 
0.618, 0.764, and 1). Areas with slopes exceeding 0.764 and 1 were identified and further analyzed in 
relation to structural positioning, lithology, and morphological evidence. Sub-basins such as 
Arpachay, Sarmsaghlu, Armaghan-Khaneh, and Sohrin were selected as representative samples 
exhibiting prominent slope anomalies and unique morphotectonic conditions. 

 

RESULTS AND DISCUSSION 

Analysis of the slope layer revealed that over 84.6% of the basin falls within the 7–23° slope range, 
indicating generally weak to moderate tectonic conditions. However, areas with slopes exceeding 76° 
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(Fibonacci threshold of 0.764) and beyond 76° (threshold of 1) were of particular significance. These 
regions are predominantly located in mountainous parts of the basin and exhibit intense erosion, 
sinuous river systems, and abrupt topographic transitions. 

These zones are largely aligned with the Sultaneih Fault and the Northern Zanjan Fault, where steep 
slopes, deep valleys, waterfalls, and sudden shifts in drainage networks suggest recent tectonic 
activity. Nevertheless, some of these features may also be attributed to Quaternary erosional processes 
and base-level adjustments. Such as andesites of the Karaj Formation and metamorphic-granitic rocks 
tend to preserve steeper gradients, thereby amplifying tectonic signatures in these areas (Tab. 1). 

Table 1: Descriptive Statistical Parameters of the Main Basin, Sub-basins, and Landform Types 
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Mean 0.148 0.373 0.329 0.212 0.214 0.276 0.083 0.077 0.068 
Standard Deviation 0.025 0.292 0.122 0.178 0.193 0.199 0.055 0.059 0.048 

Median 0.088 0.247 0.128 0.154 0.177 0.219 0.071 0.061 0.057 
Range of Variation 1.075 0.888 0.623 0.722 0.641 1.075 0.294 0.436 0.238 

The application of Fibonacci golden ratios enabled the identification of critical thresholds in 
topographic variation. This method demonstrated higher accuracy in delineating active tectonic zones 
compared to traditional morphometric techniques, offering a novel perspective in neotectonic 
assessment.  

 

CONCLUSION  

Due to its unique tectonic setting at the intersection of the Central Iranian structural block and the 
Alborz-Zagros belt, the Zanjan-Rud Basin has experienced extensive tectonic transformations 
throughout its geological history. The presence of major faults such as the Northern Zanjan Fault and 
the Sultaneih Fault, combined with lithological diversity and complex topography, positions the area 
as a focal point for morphotectonic investigations. 

Using Fibonacci golden ratios, this study analyzed the slope distribution pattern across the Zanjan-Rud 
Basin. Results indicate that more than 84.6% of the basin lies within the 7–23° slope range, reflecting 
generally weak to moderate tectonic conditions. However, areas with slopes exceeding 0.764 and 1 
(>76°) were identified as potential zones of neotectonic influence.  

These zones are primarily located along the Sultaneih and Northern Zanjan Faults. Their pronounced 
topographic anomalies — including deep valleys, waterfalls, and abrupt drainage changes — are 
indicative of recent tectonic uplift. Nonetheless, comparisons with prior studies reveal that some of 
these morphological features may also result from post-glacial erosion and base-level adjustments 
during the Quaternary period. 

Lithology significantly influences slope development. Resistant rock types such as andesite and 
granitic-gneissic units tend to maintain steeper gradients, thereby enhancing the visibility of tectonic 
effects. This highlights the importance of incorporating lithological controls in morphotectonic 
analyses. 

The application of Fibonacci golden ratios in this study successfully identified critical thresholds in 
topographic variation. As a natural mathematical tool, it offers a robust framework for detecting zones 
of abrupt topographic change and distinguishing between tectonically induced and erosionally driven 
landforms. The 0.764 ratio, interpreted as a turning point in slope behavior, proved particularly 
effective in identifying boundaries between tectonic and neotectonic domains. 
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