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Abstract 

Map matching is a key method for identifying commonalities between maps with different 

content. This study focuses on the Gumal Valley basin in northern Iraq, which spans two 

tectonic zones: the High Fold Zone in the north and the Low Fold Zone in the south. Covering 

an area of 935.12 km², the basin was analyzed using a structural map that was matched with 

topographic, geological, drainage pattern, sub-basin, lineament structure, and Active Tectonics 

Index (IAT) maps. The research aims to demonstrate the structural role of folds and faults in 

defining basin boundaries and enhancing geological and geomorphological variability. It also 

investigates variations in recent tectonic activity. All analyses were conducted using a 12.5-

meter resolution Digital Elevation Model (DEM) and Geographic Information System (GIS) 

software. The results revealed a dextral strike-slip fault extending north-south through the study 

area. The movement of this fault caused the eastern part of the basin to advance southward due 

to the tectonic stress prevailing in northern Iraq. The study concluded that this north-south-

oriented dextral strike-slip fault led to the displacement of the eastern part and its relative 

advance over the western part. This conclusion is supported by the concentration of high and 

medium tectonic activity in the eastern part and its decrease in the western part of the study 

area. 

Keywords: Structure Control; Tectonic; Map Matcting; Dextral Fault; Remote Sensing & GIS 
 

1. Introduction 

Map matching is a crucial method in structural geology for demonstrating the role of surface 

and subsurface geological structures, such as folds and faults, in controlling the shape of the 

Earth's surface and its rock exposures. This process involves overlaying multiple thematic maps 

with a unified coordinate system and is used to analyze the distribution of lineaments and 

associated valleys or rock barriers. After data integration, a new set of composite maps is 

produced  (Al-Shamaa, 1986; Al-Kraaey, 2013).  
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Geomorphological indicators have been developed as fundamental survey tools for identifying 

areas undergoing rapid tectonic deformation (Bull et al., 1977). On a regional scale, these 

indicators provide essential tools for identifying tectonically active areas, assessing their 

susceptibility to deformation, and determining their level of tectonic activity (Edward & 

Nicholas, 2002). Some researchers consider the Relative Tectonic Activity Index (IAT) an 

effective tool for evaluating geomorphological tectonic features and have combined it with 

landslide frequency to predict regional landslide hazards. Furthermore, the necessary data for 

tectonic activation equations can often be easily obtained from Digital Elevation Models and 

other satellite imagery (Cheng et al., 2016; Partabian et al., 2016).  

This research aims to demonstrate the relationship between geological structures (folds and 

faults) and several key features of the basin, including its shape, drainage patterns, distribution 

of rock exposures, and distribution and shapes of secondary basins. The study also examines 

the distribution of lineament structures and the Active Tectonics Index (IAT) and their 

relationship to the area's topography. 

The research seeks to show the structural role of folds and faults in defining basin boundaries 

and increasing geological and geomorphological variability. It also analyzes the density and 

directional variation of lineaments and changes in recent tectonic activation. 

2. Geographical Location of the Study Area 

The study area is located in northern Iraq, between the cities of Duhok and Mosul, within the 

Zagros Fold Thrust Belt. It covers an area of 935.12 km² and is geographically situated between 

longitudes 43°0′E and 43°45′E and latitudes 36°30′N and 37°0′N (Figure 1). The Gumal River 

originates from the Gara Anticline and crosses the Atrush, Sheikha, Ain Sifini, and Maqlub 

folds. The catchment area of the Gumal Valley includes the Gara and Swara Tika folds and the 

western parts of the Bekhair and Brifka folds, in addition to the Sheikhan, Ain Sifni, Mahad, 

and Maqlub folds. 

3. Materials and Methods 

To demonstrate the structural role of the study area, a structural map (fold and fault map) was 

initially required. Previous studies available for the region were utilized, along with a digital 

elevation model with a resolution of 12.5 meters. Additionally, maps were created, including 

topographic, geological, lineament structures, secondary basins, surface runoff network, and 

Active Tectonics Index (IAT) maps. Five geomorphological indicators were used (Table 1). 

These maps were compared with the structural map of the basin, and a composite map was 

produced, comprising more than three maps (Figure 2). All operations were performed using 

Geographic Information Systems (GIS) and Remote Sensing (RS) techniques to determine the 

consistency of the analysis results on the formation of the basin structure and the structural 

geomorphological phenomena of the region, and to understand the tectonic movements 

affecting the folds in the basin. 
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  Figure 1: Location of the study area. 

 

Figure 2: The methodology used in this study. 



IBGM. 2025, vol 21, issue 2                                                                                                                         576 of 19 
 

475 

 

Table 1: Methodology for Calculating the Relative Tectonic Activity Index (IAT) (modified 

from Jeong et al., 2022). 
 

Geomorphic 

indices 
Mathematical derivation Formula 

Measurement 

procedure 

Valley floor-

width to height 

ratio, Vf 

((Bull et al., 

1977)) 

𝑉𝑓

=  
2𝑣𝑓𝑤

(𝐸𝑙𝑑 − 𝐸𝑠𝑐) + (𝐸𝑟𝑑 − 𝐸𝑠𝑐)
 

Vf: valley floor width to 

valley height ratio, Vfw: 

valley’s width (m), Eld: 

left elevation (m), Erd: 

right elevation (m), and 

Esc: valley base elevation 

(m).  

Stream length-

gradient index, 

SL 

(Hack, 1957) 

𝑆𝐿 = (
∆𝐻

∆𝐿
) ∗  𝐿 

 

SL: stream length 

gradient index, ΔH: 

Difference in Elevation 

(m), ΔL: Difference in 

Length (m), L: channel 

length from the divide to 

the midpoint of the 

channel reach for which 

the Index (m). 

 

Asymmetry 

factor, AF 

((Edward & 

Nicholas, 

2002)) 

𝐴𝐹 = (
𝐴𝑟

𝐴𝑡
) ∗ 100 

 

Ar: Area of the right of 

the trunk stream (km2) 

and At: Total drainage 

area (km2). 

 

Sinuosity of 

mountain 

front, Smf 

(Bull et al., 

1977) 

𝑺𝑚𝑓 =
𝐿𝑚𝑓

𝐿𝑠
 

 

Smf: Sinuosity of 

mountain front, Lmf: 

length of the mountain 

front is zigzag (km), Ls: 

Straight mountain front 

length (km). 
 

Transverse 

topography 
symmetry, T 

(Cox, 1994) 

𝑇 =  
𝐷𝑎   

𝐷𝑑 
 

 

T: transverse topographic 

symmetry, Da: deflection 

of the stream channel 

from the basin midline 

(km), Dd: distance 

between the basin midline 
and basin divide (km). 

 

Active 

Tectonics 
Index, IAT 

𝐼𝐴𝑇 =  
𝑆

𝑁
 

 

S: sum of the tectonic 
active class values 

 N: number of 
geomorphic indices. 
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4. Geological Setting 

4.1. Structural geology 

The study area, represented by the Gumal valley basin, includes nine anticlines distributed 

across the entire basin area: Maqloub, Mahad, Ain Sifni, Sheikhan, Brifka, Atrush, Swara Tika, 

Gara, and Bekhair anticlines. These anticlines are separated by synclinal folds, a normal result 

of the folding of the sedimentary cover in a wave-like pattern represented by convex and 

synclinal half-waves. The aforementioned anticlines are fault-related, as reverse faults 

determined the locations, growth, and geometry of these anticlines (Al-Azzawi, 2003). In 

addition to these reverse faults, most of the anticlines in the Zagros Fold Thrust Belt are affected 

by two systems of coupled strike-slip faults, which cut the anticlines or terminate the folding 

(Berberian, 1995).  

The tectonics of Iraq are influenced by inherited basement block faults (NW – SE, NE – SW) 

extending from the Arabian Shield (Jassim & Goff, 2006). The amplification of folds and fold 

bends, explained by Numan & Azzawi (1993), is attributed to the tectonic reversal of movement 

along listric vertical faults dating back to the previous passive margin phase. The study area 

lies within the boundary between the Low Fold Zone and the High Fold Zone. According to 

Fouad (2015; Figure 3), the High Fold Zone occupies the largest part of the basin, with an area 

of 732.67 km², representing 78.35% of the total area. 

 

Figure 3: Tectonic division map of the study area (Fouad, 2015). 
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4.2.  Stratigraphy 
 

Geological formations are among the most important natural factors affecting the 

morphotectonics and geomorphology of the basin. Factors such as rock nature, layered structure 

system, and rock structures including faults, joints, and cracks interact with other factors in 

forming topographic characteristics. The geological history of the region may be limited to the 

Tertiary geological period and Quaternary deposits. The spatial distribution features of these 

formations can be traced in Figure 4 and Table 2, with formations plotted from oldest to 

youngest, summarized from Bellen (Bellen, 1959). 

 

Figure 4: Geological map of the study area (Sissakian et al., 1995). 
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Table 2: The geological formation of the study area. 

No. Period Formations Geological age Lithology  Km
2
 % 

1 

Quaternary 

Flood plain 
deposits 

Holocene - 

Pleistocene 

A mixture of sediments 
consisting of gravel, 

sand, clay, and silt. 

18.67 9.55 

2 Residual soil 129.37 98.55 

3 Slope deposits 44.55 4.59 

4 Alluvial fan 8.43 9.5 

5 

Neogene 

Bai Hassan 
Pliocene – 

Pleistocene. 

Conglomerate, 

sandstone, claystone. 
43.8 5.55 

6 Mukdadiyah 
L. Miocene – 

Pliocene. 

Sandstone, siltstone, 

claystone. 
55.54 5.47 

7 Injana L. Miocene. sandstone 58.58 5.55 

8 Fatha M. Miocene. 
Limestone, marl, 

gypsum 
45.44 4.58 

5 
Paleogene 

Pilaspi L. Eocene Limestone. 455.54 45.7 

99 Gercus M. Eocene 
Claystone, sandstones, 

conglomerates. 
954.84 94.44 

99 Kolosh L. Paleocene Sandstone, claystone 49.95 4.44 

94 
Cretaceous Aqra - 

Bekhme 

Campanian – 

Maastrichtian 
Limestones 85.7 5.45 

 
       Total 584.49 999 

5. Structures accompanying Strike-Slip Faults 

In some cases, mountain belts (including the Zagros Fold Thrust Belt, where the study area is 

located) include major dextral or sinistral strike-slip faults. The locations of these faults are 

indicated on structural and geological maps of folded areas by the deviation or twisting of 

adjacent fold axes along the fault zone (Figure 5). Additionally, some structures appear that do 

not coincide with the main folds in the folded area, such as convex folds with axes deflected 

away from the main fold axes, usually inverted due to thrusting and uplifting displacement 

added to the strike-slip displacement within the strike-slip fault zone, with the appearance of 

pull-apart basins in the form of topographic depressions within the zone and other 

topographically elevated areas represented by isolated fault blocks (Horsetail splay). 
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Figure 5: Important distinctive structures of the strike-slip fault zone in the structural map 

(modified from Burbank & Anderson, 2008). 

6. Results  

The current study developed a structural map of the study area using a geological map of 

northern Iraq (Sissakian et al., 1995) at a scale of 1:250,000 and a tectonic map (Fouad, 2015). 

A Digital Elevation Model of the study area was also utilized. After drawing the map and 

comparing it with Figure 5, the study identified a large dextral strike-slip fault. Its rightward 

movement caused the deviation of fold axes and separated some of them into eastern and 

western parts. In addition to this deviation and separation, the fault's movement also established 

a counterclockwise rotation of the two parts of the area. This caused the fold axes within the 

eastern part to generally rotate counterclockwise, resulting in some axes aligning approximately 

east-west (Figure 6a). 

The southern part of the fault was identified and first recorded by Fouad (2012) and extends 

from the Maqloub to the Sheikhan anticline (Figure 3). Two other studies by Al-Moadhen et al. 

(2025) and Balaki (1991) reached the same conclusion. In our current study, we extended this 

fault from the Sheikhan Fold to the Swara Tika Fold based on our results. 
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6.1.  Digital Elevation Model (DEM) 

The study area is located between an elevation of 312 meters at the mouth of the basin and 1590 

meters above sea level in the northeast of the basin. Elevation characteristics reflect the nature 

of tectonic movements and uplift and subsidence processes resulting from plate collision, which 

are confined to the basin's earth layers, in addition to external processes such as erosion and 

weathering (Al-Kanani, 2022; Figure 6b). 

6.2.  Drainage Basin Delineation And Stream Network Extraction 

Using the Digital Elevation Model layer with 12.5 m resolution, two primary layers, stream 

vector layers and drainage basins, were extracted using the ArcGIS 10.3 program (Figure 6c). 

The DEM data were processed using hydrology tools in ArcGIS, and 38 sub-basins were 

identified (Figure 6d) along with stream networks (Taesiri et al., 2020). The extracted layers 

were used for matching with the basin Structural map. 

6.3.  Lineament Structures 

Lineaments are linear or curved features (Pandey et al., 2023) and essential components for 

determining the earth's surface structures (Kumar et al., 2018) and morphological features, in 

addition to indicating deformation intensity (Yadav & Singh, 2022). Linaments play a pivotal 

role in revealing surface features; their characteristics are determined according to the 

distribution of structural and morphological features, drainage network pattern, textural 

variation, and lithological variations. (Morelli & Piana, 2006; Pal et al., 2006). (Figure 6e) 

shows the map of lineament structures extracted automatically using PCI Geomatica software. 

6.4.  Active Tectonics Index (IAT) 

Five geomorphological indices were used to calculate the relative tectonic activity index (IAT) 

(Table 2). This categorization provides comprehensive information about all parameters 

affected by geomorphological tectonic activity in the research area. The Relative Tectonic 

Activity Index (IAT) is obtained by calculating the arithmetic mean of each class of 

geomorphological indices. 

IAT values are grouped into four classes to determine the level of active tectonic relativity: 

class 1: very high (1 < IAT ≤1.5); class 2: high (1.5 < IAT ≤2); class 3: moderate (2 < IAT ≤ 

2.5); and class 4: low (2.5 < IAT) (El Hamdouni et al., 2008; Eynoddin et al., 2017) (Table 3) 

(Figuer 6f). 
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Table 3: IAT classes of Active Tectonic Index in the study area basin. 
 

Degree Class N/IAT=S N S VF SL SMF AF T No. Sub-basin 

Low active 5 2.6 4 13 3 3 1 3 3 1 

Moderate active 8 2.2 4 11 3 3 1 1 3 2 

High active 4 1.8 4 9 3 3 1 1 1 3 

High active 4 1.8 4 9      1  3 1 3 1 4 

Moderate active 8 2.2 4 11 3 3 1 2 2 5 

Low active 5 2.6 4 13 3 3 1 3 3 6 

Moderate active 8 2.4 4 12 3 3 1 3 2 7 

High active 4 2 4 10 2 3 1 3 1 8 

Low active 5 2.6 4 13 3 3 1 3 3 9 

Moderate active 8 2.4 4 12 3 3 1 3 2 10 

High active 4 2 4 10 3 3 1 1 2 11 

Low active 5 2.6 4 13 3 3 1 3 3 12 

Low active 5 2.6 4 13 3 3 1 3 3 13 

Low active 5 2.6 4 13 3 3 1 3 3 14 

Moderate active 8 2.2 4 11 3 3 1 3 1 15 

Low active 5 2.6 4 13 3 3 1 3 3 16 

Moderate active 8 2.2 4 11 2 3 1 3 2 17 

Moderate active 8 2.4 4 12 2 3 1 3 3 18 

Moderate active 8 2.2 4 11 2 3 1 3 2 19 

High active 4 2 4 10 3 3 1 1 2 20 

Moderate active 8 2.2 4 11 2 3 1 3 2 21 

Moderate active 8 2.4 4 12 3 3 1 3 2 22 

Moderate active 8 2.2 4 11 1 3 1 3 3 23 

High active 4 1.6 4 8 1 3 1 1 2 24 

Moderate active 8 2.4 4 12 3 3 1 2 3 25 

Moderate active 8 2.2 4 11 3 3 1 3 1 26 

Moderate active 8 2.2 4 11 3 3 1 3 1 27 

Moderate active 8 2.2 4 11 3 3 1 3 1 28 

Moderate active 8 2.2 4 11 3 3 1 3 1 29 

Moderate active 8 2.4 4 12 3 3 1 3 2 30 

Low active 5 2.6 4 13 3 3 1 3 3 31 

Moderate active 8 2.4 4 12 3 3 1 3 2 32 

Moderate active 8 2.4 4 12 3 3 1 3 2 33 

High active 2 2 4 10 3 3 1 2 1 34 

High active 4 2 4 10 3 3 1 1 2 35 

Moderate active 8 2.2 4 11 3 3 1 3 1 36 

Low active 5 2.6 4 13 3 3 1 3 3 37 

Moderate active 8 2.2 4 11 3 3 1 3 1 38 
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Figure 6: a) Structural map, b) Elevation map, c) stream network, d) Sub-basins, e) Lineaments, 

and f) Active Tectonics Index of the Gumal basin. 

7. Structural Controlling for Folds and Faults in the Study Area 

7.1. Fold and Fault Control on Basin Topography 

The structural map clearly reflects the influence of the basin's topography, which has 

significantly contributed to elevation differences through the presence of folds distributed 

throughout the basin (Figure 7a). 

This elevation variation is due to increased amplitude and development of the folds, particularly 

in the High Fold Zone, and the presence of thrust faults associated with the folds. A group of 

the core folds (Gara, Swara Tika, Bekhair, Brifka, and Atrush) exhibited the highest recorded 

elevation, at 1,590-1,181 meters above sea level within the High Fold Zone. Their area is                 
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80.36 km², representing 8.59% of the total, which is the lowest percentage among all categories 

with steep slopes. 

Elevations gradually decrease towards the southern part of the basin, reaching the Low Fold 

Zone, where the lowest recorded elevation was 510-312 meters, with an area of 306.67 km² 

representing 32.8%. This category constitutes the largest part of the basin area and is 

concentrated in the Low Fold Zone. The difference between the High Fold Zone and the Low 

Fold Zone through matching of the geological structures map and topographic map indicates 

limited tectonic uplift and fewer structures represented by folds within the Low Fold Zone. 

7.2. Fold and Fault Control on Rock Outcrop Distribution 

By matching the structural map with the geological map (Figure 7b), Cretaceous formations 

(specifically the Aqra-Bekhme Formation) are exposed in the cores of anticlines (Sawar Tika, 

Atrush, and Sheikhan) located in the northern part of the basin, within the High Fold Zone. In 

contrast, Tertiary formations are exposed only within the cores of anticlines in the southern part 

of the basin, within the Low Fold Zone. This indicates increased displacement and development 

of reverse faults associated with folds in the High Fold Zone compared to the Low Fold Zone. 

 

Figure 7: Fold and fault control map of the (a) topography and (b) geological map. 

Regarding the low folds, some synclinal folds (3 and 5) show exposures of the highly rigid 

Pilaspi Formation alongside the Gercus Formation. These exposures occupy a large area within 
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the high fold range, amounting to 267.85 km² (28.67%) and 145.35 km² (15.55%), respectively. 

The largest area is concentrated in the western part of the basin. This suggests that the amount 

of tectonic uplift in those areas was small compared to the eastern parts of the basin (Figure 

7b). 

This variation in area provides evidence of increased movement and development of thrust 

faults associated with folds located in the eastern part of the High Fold Zone (Atrush and 

Sheikhan folds). It also serves as evidence for the separation of the eastern part from the western 

part by a dextral strike-slip fault. The fault's rightward displacement increases the activity of 

reverse faults associated with the anticlines, thereby increasing the number of folds and 

uplifting the right block (Bertotti, 2004). 

7.3. Fold and Fault Control on Stream Network 

A matching map of the structural map with the stream network map of the study area showed 

that the basin boundaries are controlled and defined by folds and faults (Figure 8a). It is noted 

that the Gara and Swara Tika folds mark the northern and northeastern borders of the basin, the 

southern border is defined by the Maqlub fold, and the western border is defined by the Brifka 

and Bekhair folds. The eastern border is defined by the Al-Khazir River, which roughly 

coincides with the transverse Hadr Bakhma Fault, confirmed through geophysical data as a fault 

penetrating the basement rocks (Jassim & Goff, 2006). 

   

Figure 8: Fold and fault control map of the (a) Drainage and (b) Lineaments map. 
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Regarding the surface runoff network within the basin, the matching map also indicates that 

drainage patterns and river ranks within the basin vary between parallel, dendritic, centripetal, 

radial, and rectangular. This diversity is linked to the variety of rock exposures interspersed 

within the network, in addition to the distribution of synclinal and undulating folds. There is an 

ideal match of anticline axes with water divide lines, which confirms the role of anticlines in 

directing water network flow, in addition to determining the shape and boundaries of the basin. 

(Clevis, 2003) stated that the first orders of the water network gather along anticline axes as the 

beginning of drainage, while synclinal folds appear as water collection lines, usually with high 

river orders represented by rivers flowing within the area of the front limb of anticlines (the 

limb with the highest inclination). 

7.4. Fold and Fault Control on Lineament Structure Distribution 
 

The consistency of the structural map with the lineament structure map reveals the role of folds 

and faults in controlling the basin (Figure 8b). Lineament structures are densely distributed in 

areas on either side of anticline fold axes, which represent the cores of anticlines within the 

High Fold Zone (typically the Aqra-Bekhme Formation). This is attributed to the lithology of 

the exposed formations, which mainly consist of limestone. This limestone exhibits brittle 

behavior under tectonic stress, resulting in fractures that often serve as water drainage lines due 

to being weak areas. Furthermore, the erosion-resistant Pilaspi limestone formation occupies 

the largest area of the basin within the High Fold Zone. In the southern part of the basin, the 

density of lineament structures is low within the exposed areas of both the Ain Sifni Fold and 

the Mahad fold. This may be attributed to the fact that the exposed formations (Bai Hassan and 

Mukdadiyah) primarily consist of thick layers of compacted sediments, making them relatively 

fracture-free.   

7.5. Fold and Fault Control on Sub-basins 

The matching between the structural map and the secondary basin map, which contains 38 sub-

basins, revealed that fold axes played an important role in dividing the secondary basins (Figure 

9a). The large area of basin No. 1 compared to other basins may be attributed to the weak 

activity of thrust faults within the northeastern part of the basin, consistent with the movement 

of the dextral strike-slip fault that extends from north to south of the basin. Basin No. 33, which 

ranks second in terms of area and is located east of the Mahad anticline within the southern part 

of the basin, may be attributed to the scarcity of folds and their limited development, consistent 

with its location within the Low Fold Zone. Notably, small-area basins are found in high 

concentrations in the eastern part of the basin, providing clear evidence that their presence is 

linked to the abundance of anticlines and the counterclockwise deviation of their axes, moving 

closer to the east-west direction due to the dextral strike-slip fault extending from north to south 

of the basin. 
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7.6. Fold and Fault Control on Active Tectonics Index (IAT) 

Matching the structural map with the Active Tectonics Index (IAT) map revealed the extent to 

which folds and faults influence the distribution of tectonic activation within the basin (Figure 

9b). The upper basin areas, specifically the northeastern part, exhibited moderate to high 

tectonic activation compared to the rest of the basin, indicating reactivation and development 

of faults in those areas. This activation and development are reflected in the increased number 

of anticline folds resulting from the movement and development of associated faults. The 

northwestern parts of the basin exhibit less tectonic activity. For instance, the sub-basin located 

north of the basin, defined by the Gara and Brifka folds, shows low activity despite its location 

within the High Fold Zone. This has been attributed to the movement of the dextral strike-slip 

fault occurring at the expense of thrust fault activity in that area. 

  

Figure 9: Fold and fault control map of the (a) Sub-basin and (b) Active Tectonics Index map. 

8. Discussions 

Matching the structural map with maps of topography, rock exposures, stream network, 

lineament structures, sub-basins, and Active Tectonics Index (IAT) (Figure 10) clearly showed 

that geological structures (folds and faults) played a significant role in shaping the basin's 

boundaries and distributing its topography and formation exposures. They also had a major role 

in distributing drainage patterns and dividing the stream network into sub-basins. Furthermore, 

dextral strike-slip faults play a major role in the Gumal Valley basin, cutting and terminating 
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anticlines (Berberian, 1995). The structural map showed a dextral strike-slip fault extending 

from north to south in the study area. The movement of this fault caused the eastern part of the 

basin to advance southward in response to tectonic stress prevailing in northern Iraq. This led 

to its increased development compared to the western part, shown by an increase in the number 

of anticlines and a counterclockwise deviation of their axes, making them closer to an east-west 

orientation. This is clearly evidenced by the concentration of high and medium tectonic activity 

in the east and its decrease in the western part of the study area (Figure 9b). 

 

Figure 10: Assembled map to illustrate the role of geological structures in the distribution of 

rock exposures, surface runoff network, and lineament structures. 

Although (Figure 10) shows that the study area (Gumal Basin) is part of the High and Low Fold 

Zones of the Western Iraqi Zagros belt, its northern part (within the High Fold Zone) is 

characterized by anticlines with Cretaceous formation exposures from the Mesozoic Era in their 

cores (Atrush and Sheikhan folds, with a small part of the Swara Tika fold). This reflects large 

displacements in faults related to the folds. In contrast, the southern part, within the Low Fold 

Zone, is characterized by low anticlines with Cenozoic formation exposures, reflecting 

diminishing movement of related faults. This is consistent with Numan (Numan, 1997 & 2000), 

who stated that the Late Cretaceous period witnessed tectonic reversal between the Arabian and 
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Eurasian (Iranian and Turkish) plates. This transformation from a divergent tensional phase to 

a compressional phase led to uplift and folding of the sedimentary cover in northern and 

northeastern Iraq. (Al-Azzawi, 2003)  confirmed this by stating that fold development increases 

with aging towards the north and northeast, towards the convergence zone. 

Regarding lineament structures, their presence is consistently dominant within brittle-behaving 

rock exposures (Pilaspi and Aqra-Bekhme formations). Furthermore, they are compatible with 

the surface flow network, especially with first-order streams, which are often located within 

erosion-resistant Pilaspi and Aqra-Bekhme formations. 

9. Conclusion 
 

The IAT results revealed that no basin was classified as Category 1 (very high activity). The 

study classified 21%, 55%, and 24% of basins as Categories 2 (high activity), 3 (medium 

activity), and 4 (low activity), respectively. The structural map showed a dextral strike-slip fault 

extending north-south in the study area. The movement of this fault caused the eastern part of 

the basin to advance southward in response to tectonic stress prevailing in northern Iraq. The 

current basin shape results from harmonized movement and reactivation of faults in the study 

area in response to compressive tectonic stress accompanying convergence and collision of the 

Eurasian and Arabian plates. The area is generally affected by moderate to high modern tectonic 

activity according to the results obtained by applying geomorphological indices equations. 
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