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ABSTRACT 
 

The Qara Dagh anticline is located south of Sulaimaniyah city in the High Folded Zone 

of the Zagros Fold – Thrust Belt, within the Outer Platform of the Arabian Plate. It is about 

116 Km long with a NW – SE trend. The oldest exposed rocks in the anticline are of 

Paleocene age and belong to the Kolosh Formation; whereas, the limestone beds of the                 

Pila Spi Formation form the flanks of the anticline. The Pila Spi Formation locally forms the 

carapace of the mountain giving whale-back nature to the anticline. We have conducted in this 

work a structural – geomorphological study of the Qara Dagh anticline using existing features 

and form of the anticline, observed and checked by field work; different types of satellite 

images and updated geological maps (scale of 1: 100 000). Structural, geomorphological and 

stratigraphic data confirm the lateral growth of the anticline in a NW direction, complemented 

by the presence of: fork-shaped valleys, axial valleys, radiated valleys, abandoned alluvial 

fans, and the presence of water and wind gaps. The present study indicates that the Qara Dagh 

anticline was originally comprised of six smaller anticlines that exhibited lateral and vertical 

growth leading to the development of one major anticline. The NW propagation of the six 

segments of Qara Dagh anticline is supported by the presence of two en-échelon plunges 

within the main anticline. The rate of the lateral growth was higher than the rate of the 

incision of the streams; therefore, the streams were shifted around the tips of the segments; 

meanwhile abandoning the water gaps to wind gaps and development of new water gaps 

around the tips. 
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 المستخلص

انضاحف  –طي حقغ طيت قشة داؽ في جُٕب يذيُت انغهيًاَيت ضًٍ َطاق انطياث انؼانيت انخابغ نحضاو صاكشٔط ان

جُٕب -كهى ٔحًخذ باحجاِ شًال ؿشب 111ٔانٕاقغ في انشصيف انخاسجي يٍ انصفيحت انؼشبيت. يبهؾ طٕل انطيّ حٕاني 

     ششق. حؼٕد اقذو انصخٕس انًخكشفت في انطيت نخكٕيٍ كٕنٕػ يٍ ػًش انبانيٕعيٍ، الا اٌ انطبقاث انجيشيت انؼائذة نخكٕيٍ
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 – تشكم ظٓش انحٕد. َفزَا دساعت حشكيبيبيلاعبي حشكم جُاحي انطيت ٔاحياَا  حكٌٕ يجًم جبم قشة داؽ حيذ حؼطي انطيّ 

يلاحظخٓا ٔحذقيقٓا حقهيا فضلا ػٍ اعخخذاو ػذة  ججيٕيٕسفٕنٕجيت يؼخًذيٍ ػهى انظٕاْش انًٕجٕدة في انطيت انخي حً

يجاد يؼطياث ( لإ000 100 :1 َٕاع يٍ انًشئياث انفضائيت ٔبًقاييظ يخخهفت ٔخشائظ جيٕنٕجيت يحذرت يٍ )يقياطأ

انذساعّ ٔجٕد ضٕاْش ْزِ ٕسفٕنٕجيت ٔطباقيت اعخخذيُاْا في يؼشفت انًُٕ انجاَبي نطيت قشة داؽ. بيُج حشكيبيت ٔجيٕي

فخحاث يائيت  تيخشٔك تانشكم ٔيشأح َٓشي تٔشؼاػي تباحجاِ انشًال انـشبي حخًزم بٕجٕد ٔدياٌ شٕكي تحشيشانى ًَٕ انطي

صم يٍ عخت طياث صـيشة ًَج جاَبيا ٔػايٕديا نخشكم ٌٕ بالإْٔٔائيت. اعخُخجُا يٍ انذساعت باٌ طيت قشة داؽ كاَج حخك

ٌ يؼذل عشػت انًُٕ أفي جغى انطيّ انشئيغي. حشيش انذلائم انى انـٕاطظ انًُبادنّ  طيت قشة داؽ انحانيت ٔيؤيذ رنك ٔجٕد

حيذ  ةث انصـيشػهى يٍ عشػت قطغ انجذأل نهصخٕس ٔبانخاني ؿيشث ْزِ انجذأل يجشاْا انى َٓايت حافاث انطياأكاَج 

 .تنخخحٕل انى فخحاث ْٕائي تانقذيً تانفخحاث انًائي تحاسك ةجذيذ تكَٕج فخحاث يائي

 

INTRODUCTION 

The study area is located south of Sulaimaniyah city, northeast of Iraq (Fig.1), 

represented by Qara Dagh Mountain, which partly forms the Qara Dag anticline with NW – 

SE trend. The study area covers about 250 Km
2
. The Qara Dagh Mountain is a NW – SE 

trending double plunging anticline exhibiting many water and wind gaps, which divided the 

anticline into six segments (Sissakian and Fouad, 2014). The lowest elevation point is 421 m 

(a.s.l.) located in the northwestern plunge of the anticline, whereas the southeastern plunge is 

at elevation of 505 m (a.s.l.) and the highest peak is 1834 m (a.s.l.), in the Sagerma Mountain. 

The six main segments of Qara Dagh Range are called Hanjira (Qara Darbandi), Ba Sara, 

Sagerma, Zarda, Spei and Golan; from northwest to southeast, in this study we have identified 

them as segments of the main Qara Dagh anticline. The aim of this study is to show that the 

Qara Dagh anticline was originally consisting of six smaller anticlines which were conjugated 

to each other by lateral and vertical growth to form the nowadays main Qara Dagh anticline. 
 

 
 

Fig.1: Satellite image showing the study area with the six segments. 1) Hanjira,                                  

2) Ba Sara, 3) Sagerma, 4) Zarda, 5) Spei, and 6) Golan 
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 Previous Studies 

Tectonic – geomorphological studies are relatively scarce in the studied area; however, 

we have mentioned hereinafter some relevant studies: 
 

Sissakian (2010) conducted tectonic – geomorphological study on Derbendi Bazian gorge and 

attributed the development of the gorge to neotectonic activity. Sissakian and Abdul Jab’bar 

(2010) conducted study about the transversal gorges, among them are Ba Sara gorge and 

concluded that the gorge is developed due to neotectonic activity. Al-Kubaisi and Abdul 

Jab’bar (2015) conducted morphotectonic study of the Dagh anticline and two other folds in 

the region and discussed their effect on the Qara drainage systems. They have divided the 

anticline into five segments and indicated high tectonic activity and low maturity of the 

drainage basin. Sissakian et al. (2014) conducted geomorphological study of the High Folded 

Zone and attributed the developed gorges in Qara Dagh anticline to lateral propagation. Bretis 

et al. (2011) performed a study about the lateral growth of anticlines in the Zagros Thrust – 

Fold Belt in the Kurdistan Region. Zebari and Burberry (2015) conducted 4-D evolution of 

anticlines and implications for hydrocarbon exploration within the Zagros Fold – Thrust Belt, 

in the Kurdistan Region. Karim and Khanaqa (2017) performed a study related to the growth 

of synclines as mountain peak building and gave examples from the Iraqi Kurdistan Region. 

Obaid et al. (2017) performed a study about the maturity of landscape and fold growth 

concerning structural style in the Kirkuk Embayment in northern Iraq. Moreover, Sissakian 

and Fouad (2013; 2014a and b), updated the geological maps of Sulaimaniyah Quadrangle at 

scales 1: 100 000 and 1: 250 000 and Erbil Quadrangle at scale of 1: 250 000, respectively. 

They mapped Qara Dagh anticline with stratigraphic and tectonic details, showing its six 

segments and marking the water and wind gaps. 

 

MATERIALS AND METHODS 

 Materials 

In order to achieve the main aim of this study the following materials were used:  

- Topographic and geological maps of different scales of the studied area. 

- Satellite, Google Earth and FLASH Earth images, and DEM of 90 m resolution. 
 

 Methods 

The work of Keller et al. (1999) is considered as the main guide line for our current study 

and conclusions. Using the available topographical and geological maps of different scales         

(1: 100 000 and 1: 250 000) with the help of different satellite images, we have studied the 

tectonic – geomorphological features to indicate the lateral growth of Qara Dagh anticline. 

The geomorphologic features of Zagros Range have been used here to uncover aspects of the 

growth, evolution and interaction of anticlinal folds. Geomorphic criteria have been used to 

evaluate fold growth such as the deformation of progressively younger deposits or landforms; 

the development of characteristic asymmetric drainage patterns and the occurrence of a series 

of wind gaps with decreasing elevation in the propagation direction. The DEM of 90 m 

resolution have been used to draw a cross section of Qara Dagh anticline. We investigated 

thoroughly the details of drainage behaviour and other geomorphological features, such as 

alluvial fans, flood plain and valley courses to indicate the lateral growth of Qara Dagh 

anticline. Furthermore, we have also briefly described the active tectonics, stratigraphy and 

structural geology of the study area and near surroundings. Field work was conducted to 

check the acquired data from the satellite imagery. 
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GEOLOGICAL SETTING 

The geological setting of the studied area is briefly described hereinafter based on the 

most recent available data (Sissakian and Fouad, 2012; Fouad, 2012; and Sissakian et al., 

2014). 
 

 Geomorphology 

The studied area is located within the High Mountainous Province (Sissakian and Fouad, 

2012). The main geomorphological units and forms in the studied area are: 
 

– Alluvial Fans: Tens of alluvial fans are developed along the southwestern limb of Qara 

Dagh anticline (Fig.2). Locally they form Bajada, usually covered by thin veneer of silty 

clayey soil. 
 

– Terraces: Two levels of terraces occur along the main streams, the pebbles are mainly 

composed of carbonates with very rare igneous and metamorphic rocks. The average size of 

the pebbles is (1 – 12) cm, cemented by calcareous and sandy materials. 
 

– Flood Plain and Valley Fill: The main streams and valleys have developed their own 

flood plains and valley fill sediments. The constituents are silt and clay for the former and 

pebbles and gravels for the latter. 
 

– Anticlinal Ridges: These form continuous ridges within the Pila Spi Formation (Fig.2) for 

few tens of kilometers and are the main outlets of the streams that have developed the alluvial 

fans and expressing the water and wind gaps. Moreover, the ridges manifest and present the 

shape of the anticline. 
 

– Drainage patterns and shapes: The main drainage pattern is the dendritic, which is 

developed within the soft rocks. Parallel drainage pattern is developed in the main valleys 

and/ or streams; following the regional slopes. Fork-shaped valleys and axial valleys are 

common too. 

 

 
 

Fig.2: Satellite image showing alluvial fans (AF) and continuous anticlinal ridges                       

(AR) within the Pila Spi Formation surrounding Qara Dagh anticline 
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 Structural Geology and regional tectonics 

The studied area is located within the High Folded Zone of the Zagros Fold – Thrust Belt 

of the Arabian Plate Outer Platform. The zone is characterized by long anticlines and shallow 

and wide synclines. The Qara Dagh anticline is NW – SE trending double plunging anticline; 

although many plunges occur within the main anticlinal body (Fouad, 2012). The anticline 

includes typical anticlinal ridges (Fig.2), which are dissected by streams and valleys and 

express the segments and shape of the anticline. Generally, the north-eastern limb is gentler 

than the south-western one, the dip amount ranges from (15 – 55). Many small faults of 

different types exist within the anticline. 
 

The age of initial collision between Arabia and Eurasia plates is poorly constrained 

according to Ramsey et al. (2008) and is possibly diachronous from NW to SE (Stoneley, 

1981). The minimum age of continental collision was estimated to range from (16 – 23) Ma 

based on structural and sedimentation records (Robertson, 2000) to no later than 10 Ma 

based on the reconstruction of plate motions (McQuarrie et al., 2003). The mechanism by 

which shortening occurred may have undergone a reorganisation about 5 Ma ago (Axen et al., 

2001; Allen et al., 2002 and 2004), which is thought to coincide approximately with the onset 

of deformation in the so-called “Simple Folded Belt”, which is equivalent to the Low Folded 

Zone in Iraq, although some shortening within this belt may have started as early as 8 Ma 

(Homke et al., 2004). 

 

 Stratigraphy 

The exposed geological formations in the studied area (Fig.3) are described very briefly 

here depending on Sissakian and Fouad (2012) and Sissakian and Al-Jibouri (2014). 

Formations younger than the Fatha Formation (Middle Miocene) are not included. 

 

 
 

Fig.3: Geological Map of Sulaimaniyah Quadrangle, scale 1: 250 000 showing Qara Dagh 

anticline (after Sissakian and Fouad, 2014) 
 

– Kolosh Formation (Paleocene): It is exposed; locally in the core of Qara Dagh anticline 

and consists of about 200 m. thick black shale, claystone, sandstone and very rare 

conglomerate. 
   

– Sinjar Formation (Paleocene): It forms continuous ridges inside the core of Qara Dagh 

anticline. It consists of (40 – 60) m. thick well bedded hard limestone. 
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– Gercus Formation (Eocene): It is exposed along the slopes of Qara Dagh anticline and 

consists of about 120 m. thick red claystone and sandstone. 
 

– Pila Spi Formation (Eocene): It forms continuous ridges surrounding Qara Dagh anticline 

expressing the six segments of the anticline and manifesting the water and wind gaps, and 

locally forms the bulk of the anticline. It consists of (80 – 100) m. thick dolomite, dolomitic 

limestone and limestone. 
  

– Fatha Formation (Middle Miocene): It is exposed around Qara Dagh anticline and 

includes two members, Lower and Upper. Both of which consist of cyclic sediments of green 

marl, limestone and gypsum. In the Upper Member; however, red claystone occurs in the 

uppermost cycles above the green marl and reddish brown sandstone. 

 

CHARACTERISTICS OF THE QARA DAGH ANTICLINE 

The Qara Dagh anticline is a NW – SE trending structure, about 116.32 Km. long and 

consists of six segments. The characteristics of the anticline are shown in Table (1). The Qara 

Dagh anticline exhibits one water gap and two wind gaps, with two main plunges in north 

western and south eastern sides. Moreover, two en-echelon indications exist in the anticline. 

The Sagerma segment shows clearly a closed wind gap in its tip, most probably due to 

tectonic and/ or geomorphic aspects. Moreover, the continuous anticlinal ridge around the 

Sagerma segment exhibits tens of outlets from the anticline on both sides and may indicate 

previous water gaps. 
 

The existing water gaps and wind gaps, besides the morphology of the anticline and 

existing valleys and streams within the main Qara Dagh anticline indicate that originally the 

anticline was consisting of six anticlines that are grown laterally and vertically, and then 

merged together forming the present Qara Dagh anticline. This assumption is based on 

approaches given by Keller and Pinter (2002) and Ramsey et al. (2008), as illustrated in 

Figure (4). 
 

Table 1: Characteristics of the six segments of Qara Dagh anticline 

 

Name 
Length 

(Km) 

Width 

(Km) 

Exposed 

Formations 
Shape Type of tips 

Hanjira 16.91 2.6 
Gercus, Pila Spi and 

Fatha 
Whale back 

Plunges towards NW and 

water gap in SE 

Ba Sara 23.42 2.6 – 3.9 
Gercus, Pila Spi and 

Fatha 
Eroded core Water gaps on both tips 

Sagerma 16.50 1.5 – 3.9 
Gercus, Pila Spi and 

Fatha 

Anticlinal Ridges with 

eroded core 

Plunges towards SE and 

water gap in NW 

Zarda 43.17 3.9 – 4.28 
Kolosh, Sinjar, Gercus, 

Pila Spi and Fatha 

Eroded core with 

continuous anticlinal 

ridges 

Plunges towards NW and 

erosional cliff in SE 

Spei 6.96 0.81- 4.28 Pila Spi and Fatha Smoothed carapace 
Eroded cliff in NW and 

dissected by fault in SE 

Golan 9.36 0.81 – 2.23 Pila Spi and Fatha 
Surrounded by hogbacks 

and cuestas 

Dissected by fault in NW 

and plunges towards SE 
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Fig.4: Diagrammatic presentation of the formation of a gorge between two propagating 

anticlines through time (Ramsey et al., 2008). A) Two small folds form in the east and west of 

the landscape. B) The folds propagate towards one another. Growth on aligned fold segments 

is enhanced by positive feedback in the stress changes around each growing fold. The incision 

rate of the western river keeps pace with uplift and the river incises a gorge through the nose 

of the fold. C) The western river is unable to keep pace with uplift and the gorge is abandoned 

and left as a dry valley. The river is diverted to the east and pinched between the tips of the 

two folds. D) The folds continue to propagate towards one another and the tips of the folds 

begin to form a continuous structure. The rivers have increased their stream power by joining 

together and incise a gorge through the almost continuous anticline 

 

RESULTS 

 Hanjira 

The Hinjira segment forms the extreme NW part of the Qara Dagh anticline (Figs.1                  

and 5). Apart from the north-western plunge, the segment has whale-back form. It is 

characterized by a fork-shaped drainage and one water gap (Fig.5), all these features are 

indications considered for lateral growth of anticlines (Killer and Pinter, 2002 and Ramsey                        

et al., 2008). The north western part forms the north western plunge of Qara Dagh anticline, 

whereas the south eastern part forms a main wind gap forming Derbendi Bazian Gate, which 

was formerly a water gap and abandoned due to local neotectonic activity in Derbendi Bazian 

area (Sissakian, 2010). 
 

 Ba Sara Segment 

The Ba Sara Segment forms the second segment of Qara Dagh anticline from north 

western side (Figs.1 and 6). It is limited from NW by a wind gap, which is believed to be 

originally a water gap and abandoned due to local neotectonic activity in Derbendi Bazian 

area (Sissakian, 2010). Whereas, the south eastern side is limited by a water gap, called Ba 

Sara gorge (Fig.6). Other indications supporting lateral growth (Killer and Pinter, 2002 and 

Ramsey et al., 2008) of this segment include fork-shaped valleys (Fig.6a and b) and axial 

valleys (Fig.6c). 
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Fig.5: The Hinjira segment of Qara Dagh anticline. 1: Satellite image; note the whale-back 

shape of the segment; the water gap (WG); curved drainage (CD); fork-shaped                   

valleys (FS). 2: Contour map of the segment. 3: Geological map of Hinjira 

Segment (for legend, refer to Figure 3) 

 

 

  

  
 

Fig.6: The Ba Sara segment of Qara Dagh anticline. 1: Satellite images: a) and b) two fork-

shaped valleys, c) the water gap (Ba Sara Gorge) and the axial drainage. 2: Contour                

map of the segment. 3: Geological map of the Ba Sara Segment  

(for the legend refer to Figure 3) 

 

 

 
 

1 

2 

3 

1 

2 3 
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 Sagerma Segment 

The Sagerma Segment forms the third segment of Qara Dagh anticline from north 

western side (Figs.1 and 7). It is limited from NW by a water gap, called Ba Sara Gorge; 

whereas, the SE side is limited by an en-echelon plunge towards SE, which forms a wind gap, 

called Hanara Gorge, it is clearly expressed by the contour lines. Other indications for lateral 

growth (Killer and Pinter, 2002, Bull, 2007 and Ramsey et al., 2008) of this segment include 

tens of fork-shaped valleys located along the southwestern limb (Figs.7a and b) axial valleys 

(Fig.7c), and a wind gap, called Hanara Gorge (Fig.7b). 
 

 Zarda Segment 

The Zarda Segment forms the fourth segment of the Qara Dagh anticline from the north 

western side (Figs.1 and 8). It is limited from NW by an en-echelon plunge, which forms a 

wind gap, called Hanara Gorge, whereas the SE side is limited by a wind gap; its eastern bank 

forms a steep cliff (Fig.8a and b). Indications for lateral growth (Bull, 1991 and 2007, Killer 

and Pinter, 2002 and Ramsey et al., 2008) of this segment include tens of fork-shaped valleys 

located along the SW limb (Fig.8a and c) and tens of outlets within the anticlinal ridge that 

surrounds Zarda Segment within the Pila Spi Formation (Fig.8a). 
 

 Spei Segment 
The Spei Segment is the fifth segment of the Qara Dagh anticline from NW side (Figs.1 

and 9a-c). It is limited from NW by a wind gap, which forms a steep cliff in its eastern side 

(Fig.9a); whereas, the SE side is limited by en-echelon plunge (Fig.9c). The plunge is very 

clearly represented in the contour map (Fig.9, middle left). Other indications for lateral 

growth (Bull, 1991 and 2007, Killer and Pinter, 2002 and Ramsey et al., 2008) of this 

segment include tens of fork-shaped valleys located along the southwestern limb (Fig.9a) and 

curved valleys (Fig.9b) and inclined valleys along the southwestern limb (Fig.9c). 

 

 
 

Fig.7: The Sagerma segment of Qara Dagh anticline. 1: Enlarged satellite images of three 

parts: a and b) fork-shaped valleys, b) wind gap (Hanara Gorge), c) axial drainage                        

and wind gap (Ba Sara Gorge). 2: Contour map of the segment. 3: Geological map                         

of the Segment, note the en-echelon folding style on both plunge areas 

 (for the legend refer to Figure 3) 

 

1 

2 3 
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Fig.8: The Zarda Segment of Qara Dagh anticline. 1: Satellite images: Note the wind gap 

(Hanara Gorge), a) en-echelon plunge with fork-shaped valleys, b) tens of                             

fork-shaped valleys and c) wind gap forming steep cliff. 2: Contour map of the                   

segment. 3: Geological map of Zarda Segment, note the en-echelon folding  

style on both plunge areas (For the legend refer to Figure 3) 
 

 

    

   
 

Fig.9: The Spei Segment of Qara Dagh anticline. 1: Enlarged satellite images: a) fork-shaped 

valleys b) curved valleys and c) inclined valleys. 2: Contour map of the segment               

showing the expression of the plunge by contour lines. 3: Geological map of                                         

the Spei Segment, note the en-echelon folding style on both plunge areas  

(for the legend refer to Figure 3) 
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 Golan Segment 

The Golan Segment forms the sixth (last) segment of Qara Dagh anticline from the north-

western part (Figs.1 and 10a-d). It is limited from the north-western side by an en-echelon 

plunge towards NW; very clearly expressed by the contour lines in the topographic map; 

whereas, the south-eastern side is limited by a wide and steep plunge forming the south-

eastern plunge of the main Qara Dagh anticline (Fig.10d). Other indications for lateral growth 

(Killer and Pinter, 2002 and Ramsey et al., 2008) of this segment include tens of fork-shaped 

valleys located along the south-western limb (Fig.10a and b), axial valleys (Fig.10b), 

abandoned alluvial fan (Fig.10c), and radial valleys (Fig.10d).  

 

    

   
   

Fig.10: The Golan Segment of Qara Dagh anticline. 1: Enlarged satellite images:                      

a and b) fork-shaped valleys, b) axial valleys, c) abandoned alluvial fan,                                    

and d) radial valleys. 2: Contour map of the segment. 3: DEM image.                                          

4: Geological map of Golan Segment, note the en-echelon folding style in the                   

northern plunge area (for the legend refer to Figure 3) 

 

DISCUSSION 

After thorough interpretation of different satellite images, geological and topographic 

maps, supported by field check in Qara Dagh anticline and near surroundings, we have found 

excellent geomorphological and structural indications, suggesting that the Qara Dagh 

anticline was originally consisting of six segments. Each of these segments was originally an 

anticline. The lateral growth of anticlines is indicated by many land forms, among them are: 

1) Fork-shaped valleys, 2) Presence of water gaps and wind gaps, 3) Decrease in elevation of 

wind gaps, 4) Deformation landforms of progressively younger deposits; such as alluvial fans, 

5) Axial valleys, 6) Abandoned valleys and alluvial fans, 7) Radial valleys, 8) En-échelon 

folds (Killer and Pinter, 2002 and Ramsey et al., 2008). We have used these criteria to study 

the Qara Dagh anticline and have presented evidence of lateral growth in the six segments of 

the anticline illustrated in Figures (5, 6, 7, 8, 9 and 10). According to Peacock and Sanderson 

(1991); Bull (1991 and 2007), Cartwright et al. (1995); Dawers and Anders (1995); Cowie 

(1998), Blanc et al. (2003) and Bennett et al. (2005), folds can grow by the lateral 

propagation of a single segment and merging of several fold segments into one continuous 

fold. This is the case in Qara Dagh anticline, which consists of six segments of different 

characters (Table 1). 

2 4 

3 

1

1

1 
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Keller and Pinter (2002) considered the presence of at least two wind or water gaps 

produced by the same stream as very strong evidence of lateral propagation. In the study area, 

the Tinal stream exhibits one wind gap represented by Derbendi Bazian gate; the limit 

between Hinjira and Ba Sara segments (Fig.6). It also exhibits a water gap represented by the 

Ba Sara Gorge. The Derbendi Bazian wind gaps was formerly a water gap from which the 

Tinal stream was flowing out of Qara Dagh Mountain and due to local neotectonic activity, 

the water gap was abandoned and Tinal stream diverted to flow out of Qara Dagh Mountain 

through Ba Sara Gorge (Sissakian, 2011). The river terraces can be still seen on the western 

margin of the wind gap, at an elevation of about 7 m from the nowadays base level of the 

abandoned stream. 
 

The presence of en-échelon plunges along the Qara Dagh anticline is considered in this 

study as good evidence for lateral propagation and growth of the six segments towards 

northwest. Graveleau et al. (2012) produced en échelon folds and miniature arcuate mountain 

systems experimentally in several ways. In their work, differential stress transmission in the 

horizontal plane through rigid materials bordering incompetent beds gave rise to en-échelon 

folds and arcuate systems even though non-rotational compression was applied. In the studied 

area, the stress transmission in a horizontal plane through rigid materials is represented by the 

hard and thick carbonates of the Pila Spi Formation; while the bordering incompetent beds are 

represented by the clastics of the Gercus and Kolosh formations. Moreover, the carbonates of 

the Pila Spi Formation are overlain by the clastics of the Fatha Formation.  
 

The developed en-échelon plunges between Sagerma and Zarda segments, and Spei and 

Golan segments are good indications that the lateral growth (propagation) was towards 

northwest; since both en-échelon plunges have moved towards northwest (Fig.11). Moreover, 

the north-western plunge of the main Qara Dagh anticline forms en-échelon plunge with Agh 

Jallar anticline (Fig.11). The developed en-échelon plunge between Qara Dagh and Agh Jallar 

anticlines (Fig.11) exhibits an axial valley that runs in the trough of the syncline between the 

two anticlines. Moreover, the beds along both plunges are disturbed (Fig.12), which indicates 

that there is a shear between the two plunges. This is can indicate that the en-echelon plunges 

were developed due to the growth of Qara Dagh anticline northwest wards. 

 

   
 

Fig.11: A) Google Earth image: Note the en-echelon plunge between Sagerma and Zarda 

segments; moved towards NW. Also note the developed gorge in between them                             

with the developed fork-shaped valleys in Zarda Segment. B) Flash Earth image: Note the en-

echelon plunge between Spei and Golan segments, moved towards NW. Also note the 

abandoned alluvial fan (AF). C) Google Earth image: Note the en-echelon plunge between 

Agh Jallar and Qara Dagh anticlines, also moved towards NW. 

Also note the whale-back shape of Hinjira Segment of Qara Dagh anticline 
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Fig.12: Google Earth image showing the axial valley between the two plunges of                           

Qara Dagh and Agh Jallar anticlines. Note the disturbed beds in both                                     

plunges, and the abandoned alluvial fans 
 

Other evidence for the propagation of Qara Dagh anticline to the northwest is shown in 

the variation in drainage density in the Qara Dagh anticline. The drainage density is lower in 

the NW direction as compared to SE. The drainage density towards the north-western side 

decreases gradually, while the drainage density tends to increase with time and relief. 

Therefore, we have considered the decrease in drainage density as additional evidence that the 

north-western part of Qara Dagh began to fold more recently than the remaining parts. Such 

evidence is considered by Bull (1991 and 2009). 
 

According to Cowie (1998), aligned fold segments are likely to grow at the expense of 

other, non-aligned segments, by a positive feedback in the stress changes around the structure. 

Therefore, fold segments grow in length and divert drainage around their ends. In the studied 

area, the formed water gaps and wind gaps, which were originally water gaps, are developed 

due to incision of the streams, which were running round the tips of the segments through the 

growing fold segments. When the individual fold segments merge together due to lateral 

growth, each segment forces the existing stream to incise through the growing fold; 

consequently, the discharge is limited through a narrow outlet causing the development of 

alluvial fans. The presence of abandoned alluvial fans in front of wind gaps is a good 

evidence for such case. A good example is the abandoned alluvial fan (Sissakian, 2011) in 

front of Derbendi Bazian gorge (Figs.13 and 14) and the alluvial fan on the Golan Segment 

(Fig.10c).                                
 

If the stream incision is lower than the rate of the uplift, then the outlet most probably 

will be abandoned; consequently, either the stream will be diverted around the end of the fold, 

or a new water outlet will be formed around the tip of a nearest segment. In the studied area, 

the same case exists, which is represented by the diversion of Tenal stream from flowing out 



Lateral Growth of Qara Dagh Anticline, South of Sulaimaniyah City, NE Iraq:                        

A Structural – Geomorphological Study                                       Varoujan K. Sissakian et al. 

 

 

 

44 

of Qara Dagh anticline through Derbendi Bazian gorge (Fig.13, a wind gap; nowadays) to 

flow out of the anticline through Ba Sara Gorge (Fig. 6). 

 

 
 

Fig.13: Flash Earth image showing the alluvial fan in Derbendi Bazian gorge, the town of 

Takia is built above the fan (AF), note the bedded rocks of the Injana Formation                      

capped horizontlly by the alluvial fan sediments (bottom right). Relcis of                                      

coarse clastics (CC) of the fan’s sediments can be seen on the slopes,                                                      

west of the gorge (top right) 

 

 
 

Fig.14: Enlarged photo of the Takya alluvial fan (Fig.13, bottom right), which was                            

developed when Teenal stream was flowing out from Darbandi Bazian gorge 
 

The longitudinal topographic cross section through Qara Dagh anticline (Fig.15) shows 1 

water gap and 2 wind gaps. The lateral growth of anticlines leads to development of new 

water gaps and abandonment of older water gaps, which turns to wind gap. The heights of the 

wind gaps decrease towards the lateral propagation direction. In Qara Dagh anticline, which 

exhibits lateral growth towards NW, the wind gaps decrease in height in Hanara and Derbendi 

Bazian gorges (wind gaps No. 3 and 1). However, the present water gap is in Ba Sara gorge 

(gorge No. 2) which is located between the two mentioned wind gaps and is lower in height. 
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This is attributed to a local neotectonic activity which caused rising of Derbendi Bazian area 

(Sissakian, 2011). Consequently, the Tainal stream has changed its direction towards east and 

started to flow out of Qara Dagh anticline from Ba Sara Gorge (Fig.15). 
 

 
 

Fig.15: DEM showing the Qara Dagh anticline with its six segments                                                                  

(1 – 6) and a topographic cross section with three gorges 

(1 = Derbendi Bazian, 2 = Ba Sara, 3 = Hanara) 

 

CONCLUSIONS 

The Qara Dagh anticline was originally consisting of six segments, which were merged 

together by lateral growth in the NW direction. The lateral growth is indicated by the presence 

of: fork-shaped valleys, axial valleys, radiated valleys, abandoned alluvial fans, and the 

presence of water and wind gaps. The rate of the lateral growth was higher than the rate of the 

incision of the streams; therefore, the streams were shifted around the tips of the segments; 

meanwhile abandoning the water gaps to wind gaps and development of new water gaps 

around the tips. The NW propagation of the six segments of Qara Dagh anticline is supported 

by the presence of two en-échelon plunges within the main anticline; between Ba Sara and 

Sagerma segments and Spei and Golan segments. They were moved northwest wards as 

indicated by their style of folding, especially the north-western plunge of the main Qara Dagh 

anticline and Agh Jallar anticline. 

 

ACKNOWLEDGMENT 

The authors would like to express their sincere thanks to Mr. Hawkar Ali Abdulhaq 

(Teaching and Lab Assistant in the University of Kurdistan Hewler) for preparing the main 

figures of the article using Global Mapper Program. Thanks are also extended to Mr. Hayder 

Hafidh for his skilled touches in the technical editing of the article. 

 



Lateral Growth of Qara Dagh Anticline, South of Sulaimaniyah City, NE Iraq:                        

A Structural – Geomorphological Study                                       Varoujan K. Sissakian et al. 

 

 

 

46 

REFERENCES 
Al-Kubaisi, M.Sh. and Abdul Jabbar, M.F., 2015. Effect of lateral propagation of selected folds on streams, 

Sulaimaniyia Area, NE Iraq. Iraqi Bull. Geol. Min., Vol.11, No.1, p. 95 – 124. 

Allen, M., Jackson, J. and Walker, R., 2004. Late Cenozoic reorganisation of the Arabia – Eurasia collision and 

the comparison of short-term and long-term deformation rates. Tectonics, Vol.23, TC2008. 

Allen, M.B., Jones, S., Ismail-Zadeh, A., Simmons, M. and Anderson, L., 2002. Onset of subduction as the cause 

of rapid Pliocene – Quaternary subsidence in the South Caspian basin. Geology, Vol.30, p.775 – 778. 

Bennett, E., Youngson, J., Jackson, j., Norris, R., Raisbeck, G., Yiou, F. and Fielding, E., 2005. Growth of South 

Rough Ridge, Central Otago, New Zealand: Using in situ Cosmogenic isotopes and geomorphology to 

study an active, blind reverse fault. Journal of Geophysics Researches, Vol.110, B02404, 

doi:10.1029/2004JB003184 

Bretis, B., Bartl, N. and Grasemann, B., 2011. Lateral fold growth and linkage in the Zagros fold and thrust belt 

(Kurdistan, NE Iraq).  Basin Research, Vol.23, No.6, p. 615 – 630.  

Blanc, E.J.P., Allen, M.B., Inger, S. and Hassani, H., 2003. Structural styles in the Zagros simple folded zone, 

Iran. Journal of Geological Society London., Vol.160, p. 401 – 412. 

Bull, W.B., 1991. Geomorphic Responses to Climate Change. Oxford University Press. 

Bull, W.B., 2007. Tectonic geomorphology of mountains. A new approach to paleoseismology. Blackwell, 

Malden. 

Bull, W.B., 2009. Tectonically Active Landscapes. Whilley Blackwell, 326pp. 

Cartwright, J.A., Trudgill, B. and Mansfield, C.S., 1995. Fault growth by segment linkage: an explanation or 

scatter in maximum displacement and trace length data from the Canyon lands Grabens of SE Utah. 

Journal of Structural Geology, Vol.17, p. 1319 – 1326. 

Cowie, P.A., 1998. A healing-reloading feedback control on the growth rate of seismogenic faults. Journal of 

Structural Geology, Vo.20, No.8, p. 1075 – 1087. 

Dawers, N.H. and Anders, M.H., 1995. Displacement-length scaling and fault linkage. Journal of Structural 

Geology, Vol.17, p. 607 – 614. 

Fouad, S.F., 2012. Tectonic Map of Iraq, scale 1: 1000 000, 3
rd

 edit. Iraq Geological Survey (GEOSURV) 

Publications, Baghdad, Iraq. 

Graveleau, F, Malavieille, J. and Dominguez, S., 2012. Experimental modelling of orogenic wedges: A review. 

Tectonophysics, Vol. 538 – 540, p.1 – 66. 

Karim, K. H. and Khanaqa, P. A., 2017. Syncline contribution to mountain peak building: examples from 

Western Zagros, Kurdistan Region, Northeastern Iraq. Arabian Journal of Geosciences, Vol.10, No.16. 

doi: 10.1007/s12517-017-3163-1. 

Keller, E.A. and Pinter, N., 2002. Active Tectonics, Earthquakes, Uplift and Landscape, 2
nd

 edition. Prentice 

Hall, 362pp. 

Keller, E. A., Gurrola, L., and Tierney, T. E., 1999. Geomorphic criteria to determine direction of lateral 

propagation of reverse faulting and folding. Geology, Vol.27, No.6, p. 515 – 518. 

McQuarrie, N., Stock, J.M., Verdel, C. and Wernicke, B.P., 2003.  Cenozoic evolution of Neotethys and 

implications for the causes of plate motions. Geophysics Research Letter Vol.30, 2036pp. 

Obaid, A.K. and Allen, M.B., 2017. Landscape maturity, fold growth sequence and structural style                                     

in the Kirkuk Embayment of the Zagros, northern Iraq. Tectonophysics, Vol.717, p. 27 – 40.                              

doi: 10.1016/j.tecto.2017.07.006. 

Peacock, D.C.P. and Sanderson, D.J., 1991. Displacements, segment linkage and relay ramps in normal fault 

zones. Journal of Structural Geology, Vol.13, p. 721 – 733. 

Ramsey, L.A., Walker, R.T. and Jackson, J., 2008. Fold evolution and drainage development in the Zagros 

mountains of Fars Province, SE Iran. Basin Researches. Blackwell Publishing Ltd., 26. Doi: 10.111/j. 

1365 – 2117.00342.x 

Sissakian, V.K., 2010. Neotectonic movements in Darbandi Bazian Area, southwest of Sulaimaniyah city, NE 

Iraq. Iraqi Bull. Geol. Min., Vol.6, No.2, p. 57 – 69. 

Sissakian, V.K. and Abdul-Jabbar, M.F., 2010. Morphometry and genesis of the main Transversal Gorges in 

North and Northeast Iraq. Iraqi Bull. Geol. Min., Vol.6, No.1, p. 95 – 120. 

Sissakian, V.K. and Fouad, S.F., 2012. Geological Map of Iraq, scale 1: 1000 000, 4
th

 edition. Iraq Geological 

Survey Publications, Baghdad, Iraq. 

Sissakian, V.K. and Fouad, S.F., 2013. Geological Map of Sulaimaniyah Quadrangle, scale 1: 100 000, 2
nd

 

edition. Series of Unpublished Geological Maps at scale of 1: 100 000. Archive of Iraq Geological 

Survey, Baghdad, Iraq. 

Sissakian, V.K. and Fouad, S.F., 2014a. Geological Map of Sulaimaniyah Quadrangle, scale 1: 250 000, 2
nd

 

edition. Iraq Geological Survey Publications, Baghdad, Iraq. 



Iraqi Bulletin of Geology and Mining                     Vol.14, No.2, 2018                      p 31  47 

 

 

 

 

47 

Sissakian, V.K. and Fouad, S.F., 2014b. Geological Map of Kirkuk Quadrangle, scale 1: 250 000, 2
nd

 edition. 

Iraq Geological Survey Publications, Baghdad, Iraq. 

Sissakian, V.K. and Al-Jiburi, B.M., 2014. Stratigraphy. In: Geology of the High Folded Zone. Iraqi Bull. Geol. 

Min., Special Issue No.6, p. 73 – 161 

Sissakian, V.K., Kadhum, T.H. and Abdul Jab'bar, M.F., 2014. Geomorphology. In: The Geology of the High 

Folded Zone. Iraqi Bull. Geol. Min., Special Issue No.6, p. 7 – 56. 
Zebari, M.M. and Burberry, C.M., 2015. 4-D evolution of anticlines and implications for hydrocarbon 

exploration within the Zagros Fold-Thrust Belt, Kurdistan Region, Iraq, GeoArabia, Vol.20, No.1,                           

p. 161 – 188. 

 

 

About the author 

     
Mr. Varoujan K. Sissakian graduated from University of Baghdad in 1969 

with B.Sc. degree in Geology, and M.Sc. in Engineering Geological 

Mapping from I.T.C., the Netherlands in 1982. He joined Iraq Geological 

Survey (GEOSURV) in 1971 and was nominated as Expert in 2005; he was 

the Director of Geology Department since May 2004 until October 2012. He 

has 126 documented reports in GEOSURV's library and 131 published 

articles. He was the Deputy Vice President of the Middle East 

Subcommission of the Committee of Compilation the Geological Map of 

the World (CGMW), Paris, from February 2010 until August 2012. Retired 

on 2012. His major fields of interest are geological mapping, stratigraphy, 

and geological hazards. He was Visiting Lecturer in University of 

Kurdistan, Hewler, since October, 2014 and Lecturer since February, 2017. 

e-mail: varoujan49@yahoo.com ; f.khajeek@ukh.edu.krd 

Mailing address: Iraq, Erbil, Ainkawa, District 108, 245/ 7/ 404 

 

Mr. Rahim M. Amin, Graduated from the Baghdad University on 1973 

with B.Sc. degree in Geology. He joined Iraq Geological Survey 

(GEOSURV) in the same year of graduation and started working in 

geological mapping projects in different parts of Iraq. He became one of the 

best geologists in geological mapping, especially in mapping of the 

Southern and Western Deserts. In 1984, he contributed in Engineering 

Geological Mapping and continued until 1987. After that, he was involved 

in mineral exploration at different parts of the northern part of Iraq 

(Kurdistan Region). He retired on 1998 according to his request, then joined 

again GEOSURV on 2005 and retired on 2014. He has 12 documented 

reports in GEOSURV's library. Currently, he is living in Erbil, Ainkawa 

e-mail: raheemameen@gmail.com 

 

Mr. Jamal Gh. Mohammed, Graduated from the Mosul University on 

1976 with B.Sc. degree in Geology. He joined Iraq Geological Survey 

(GEOSURV) in 1978 as field geologist in the Geological Survey 

Department. Then he was assigned to work in the Southern Desert with 

Hyrdogeological Project, as Site geologist. His last responsibility was the 

Director of Mosul Regional Office of GEOSURV. His major field of 

interest is investigation of raw materials for cement industry. He was retired 

in 2015. 

e-mail: jamal195483@gmail.com 

mailto:varoujan49@yahoo.com
mailto:raheemameen@gmail.com

