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ARTICLE INFO ABSTRACT

Geological structures such as faults, fractures, and other tectonic lineaments are among the

grtide ltlyApe:. | key factors controlling the formation and development of dolines. These structures
esearch Article enhance permeability and intensify dissolution processes in carbonate rocks. The Novakoh
anticline is located in the Folded Zagros Belt, Kermanshah Province, which is influenced

Article History: by the convergence of the Turan and Arabian platforms and is mainly composed of the

Asmari-Shahbazan limestone unit. The present study investigates the influence of tectonic
structures and topographic slope on the formation and morphometric characteristics of
dolines in this area. A total of 36 dolines were analyzed using drone-based mapping, and
the parameters of area, depth, elongation ratio, and orientation angle were calculated for
each doline. Dolines were divided into two groups based on axis orientation: the first
group trends northeast—southwest (52.7%), and the second group trends northwest—
southeast (36.1%). Dominant elongation trend of dolines (NE-SW) is closely corresponds
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Noakoh Anticline, indicates that the dolines in the first group have higher mean area (5825 m2), depth (6.91

Azimuth Orientation, m), and elongation coefficient (1.69) than those in the second group. In addition, rose

Tectonic Structures, diagram analysis revealed that the orientations of lineaments, doline axes, the topographic

Doline Morphometry. slopes surrounding the dolines, are predominantly northeast-southwest, indicating the
effects of fold axis, fractures orientation and topographic slopes on their formation and
morphology.

Cite this article: Cheraghi, A.; Bahrami, Sh.; Khaleghi, S. & Nosrati, K. (2026). The Role of Structural Controls in the Formation
and Development of Dolines: (A Case Study of the Noakoh Anticline, Kermanshah Province, Iran).
Environmental Hazards Management, 13 (1), 67-80. DOI: http//doi.org/10.22059/jhsci.2026.416040.941

© The Author(s). Publisher: University of Tehran Press.
BY NC DOI: http//doi.org/10.22059/jhsci.2026.416040.941

Introduction

Karst systems are among the most important and sensitive geomorphological environments, where the
dissolution of carbonate rocks gives rise to a variety of landforms, including dolines. As the most
common karst features, dolines provide valuable information about landscape evolution, hydrological
conditions, and geological processes within a region. Previous studies have shown that, in addition to
lithology, geological structures such as faults and fractures play a significant role in controlling the
location, shape, size, and orientation of dolines. The Noakoh anticline, located within the Folded
Zagros Belt, provides an ideal setting for investigating these relationships due to the presence of
carbonate formations, active faults, and a dense fracture network. The main objective of this study is
to evaluate the influence of lineaments and tectonic structures on the formation and development of
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dolines in the area. It is hypothesized that the orientation and morphometric characteristics of dolines
are directly controlled by geological structures and that increasing fracture density contributes to a
greater number of dolines and enhanced elongation. The findings can improve our understanding of
geomorphological hazards and support the sustainable management of karst environments.

Method

To investigate the morphometric characteristics of dolines in the Noakoh anticline, a high-resolution
Digital Elevation Model (DEM) with a spatial resolution of 13 cm, derived from UAV imagery, was
utilized. The locations and boundaries of the dolines were determined through detailed field surveys.
For each doline, morphometric parameters including area, depth,elongation ratio, and major-axis
orientation were measured. Doline area, major and minor axes, and depth were extracted using
ArcGIS 10.8. The elongation ratio was calculated by dividing the length of the major axis by that of
the minor axis. In addition, the orientation of each doline axis was determined using RockWorks 17
software. These parameters provided a basis for evaluating the relationship between doline
morphology and the geological structures of the study area, particularly the influence of faults and
fractures on doline formation and development.

Results and Discussion

The morphometric characteristics of 36 sampled dolines in the Noakoh anticline, including area,
depth, elongation ratio, and axis orientation, were analyzed. Based on their major-axis direction, the
dolines were classified into two groups: northeast-southwest (NE-SW) and northwest—southeast
(NW-SE). The first group, characterized by a NE-SW trend, represents more than half of the studied
dolines. On average, these dolines exhibit larger areas, greater depths, and higher elongation ratios
than those belonging to the second group. Rose diagram analysis further revealed that the orientations
of doline, lineaments trend, and topographic slopes are predominantly concentrated in the NE-SW
direction.

The results indicate that the dominant elongation of dolines in the Noakoh anticline follows a NE—
SW trend, which closely corresponds to the orientation of regional lineaments and the prevailing
topographic slope. This spatial agreement highlights the significant role of tectonic structures,
particularly faults and fractures, in controlling the formation and development of dolines. By
increasing rock permeability and directing groundwater flow, faults and joints create favorable
conditions for enhanced dissolution and the expansion of karst voids, ultimately influencing the
elongation pattern of the dolines.

The observed alignment between doline orientation and topographic slope suggests that, in addition
to tectonic controls, topographic factors have also controlled the evolution of these landforms. Dolines
with a NE-SW trend, which coincide with the dominant direction of topographic slope, generally
display greater depth, larger surface area, and stronger elongation. This pattern implies that the
concentration of surface runoff and water infiltration along structurally controlled pathways has
intensified dissolution processes, leading to the more extensive development of these dolines.

Furthermore, the presence of secondary trends in the rose diagrams, particularly within the
plunging segment of the anticline, reflects the influence of secondary fractures and transverse faults on
the local geomorphology. Overall, the findings suggest that the morphometric characteristics and
spatial distribution of dolines in the Noakoh anticline result from the combined interaction of tectonic
structures, topographic slope, and the carbonate lithology of the region.

Conclusion

The results of this study demonstrate that the orientation and morphometric characteristics of dolines
in the Noakoh anticline are significantly controlled by tectonic structures and topographic slope. The
alignment of doline axes with regional lineaments and the dominant direction of topographic slope
emphasizes the key role of faults and fractures in the formation and evolution of these karst landforms.
In general, the dolines of the Noakoh anticline are not only products of dissolution processes but also
reflect the structural framework of the region. Therefore, integrating tectonic and geomorphological
analyses can help to a better understanding of karst evolution and support the sustainable management
of karst landscapes in the Zagros Mountains.
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