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Abstract—Majority of the Iraqi Kurdistan Region is a mountainous area with relief differences that attain up
to 1000 m, and locally more. The presence of dense net of rivers, streams and large valleys with diverse lith-
ologies have initiated hundreds of mass movements of different types and sizes, active and dormant. In the
current study, we have selected different landslides from different parts of the Iraqi Kurdistan Region. In all
selected cases, the landslides have shifted the facing rivers, streams or valleys. The slid masses are of hard and
thick carbonates and/or claystones; however, clastic rocks are encountered too. At each studied landslide, we
have presented the satellite image, detailed description of the geology, size of the involved area, cause of the
slide, marking the original trace of the shifted river, stream or valley; if still exists. We have performed field
work for some of them and presented more detailed data and field photos. Moreover, we have applied Land-
slide Possibility Index (LPI) at each case to indicate the possibility of re-activation or otherwise.
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INTRODUCTION

Landslides of different sizes are very common in
different parts of the Kurdistan Region, north and
northeast of Iraq, which is mainly mountainous area
with rugged topography. The presence of folded beds,
carbonate rocks underlain by soft clastics and clay-
stone, considerable relief with steep slopes and lateral
erosion exerted by rivers, stream or valleys have devel-
oped hundreds of landslides.

The current study is concerned only with old land-
slides, which had occurred due to lateral erosion of riv-
ers, streams and large valleys. The concerned area is at
the northern and northeastern parts of the Kurdistan
Region (Fig. 1). Twenty cases are selected and pre-
sented in the current study.

The aim of this study is to present and record some
of large and old landslides, which have shifted the riv-
ers, streams and large valleys, and to indicate if the
same area is still a potential area for sliding or other-
wise; accordingly, should be avoided during different
engineering constructions or precautions should be

taken. Moreover, age estimation is carried out for
some of the studied case following exposure dating
method [9].

PREVIOUS STUDIES
Tens of studies are performed in the Kurdistan

Region concerning large landslides; but without
emphasizing that the landslides to be shifted a river,
stream or a valley. However, Sissakian and Abdul
Jab’bar (2010) [16] performed a study about some
gorges in the Kurdistan Region and have concluded
that some of the streams are shifted and/ or blocked
due to landslides. Sissakian et al. (2014) [17] per-
formed a study and concluded that some meander-
ings of rivers and streams are attributed to old land-
slides.

We have followed data given by different authors
not to consider those meander, which are not related
to landslides; among them are: Goudie (2006) [4],
Charlton (2007) [4], Ouimet et al. (2007) [11], Bar-
bour (2008) [1], Highland and Bobrowsky (2008) [6],
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Othman and Gloaguen (2013) [10], Toonen et al. (2012)
[19], Scheffers et al. (2015) [14], Wiess (2016) [21].

MATERIALS AND METHODS

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

—Topographic and geological maps of different
scales.

—Satellite images.
—Different geological published articles and

reports.
—Field observation data.
Using the available topographical and geological

maps of different scales with the help of FLASH Earth
and satellite images, we have chosen 20 old landslides.
We performed field work to check some of the acces-
sible landslides and record significant parameters.
Moreover, the Landslide Possibility Index (LPI) was
determined following Bejerman (1994) method [2]. A
special form for indicating the LPI was used for each
of the selected cases in which 10 aspects were
recorded, some of the aspects were recorded from sat-
ellite images and/ or topographic and geological maps
at a scale of 1 : 100000, and from the field inspections.
The acquired data for slide no. 1 is presented in Table 1
as an example.

SYSTEMATIC DESCRIPTION
OF THE SELECTED LANDSLIDES

We have selected the following sites from different
parts of the Kurdistan Region. At each site, satellite
image is presented. Those sites in which we have per-
formed field work, field photos are presented to illus-

trate a certain event and/ or an evidence to confirm the
presented data.

Khabour Landslide

A very old and large landslide had shifted the
course of the Khabour River in its extreme northern
reaches, east of Kaista village (Fig. 2). The landslide
is of rotational type as indicated from the successive
ridges at the uppermost part of the slope. Moreover,
it had happened successively, as indicated from the
successive meandering system and the toe area
(Fig. 2, Left). The coverage area of the landslide is
about 0.703 km2, if we consider the average height of the
slid mass is 5 m, then the volume will be 0.0035 km3.
The main reason of the slide is the presence of thick
succession of soft clastics of Khabour quartzite over-
lain by very thick succession of massive beds of lime-
stone, besides the dip direction, which is towards the
river and the lateral erosion of Khabour River (Fig. 2),
which accelerates the sliding.

Zibar Landslide

A very old and large landslide had shifted the
course of the Greater Zab River east of Zibar village
and south of Barzan village (Fig. 3). The landslide
includes rock and soil; this is attributed to the expo-
sures of the Shiranish Formation. The coverage area of
the landslide is about 3 km2, if we consider the average
height of the slid mass is 3 m, and then the volume will
be 9 × 106 m3. The main reason of the slide is the
undercut erosion of the Greater Zab. The slid mas
belong to Qamchuqa and Bekhme formations, both
consist of well bedded and massive carbonate rocks. It
is worth to mention that part of the meandering of the

Fig. 1. Satellite image showing the studied area (above the oblique red line).
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Table 1. Landslide Possibility Index Form [2], the items (in italic and bold) represent the details of Khabour Landside
mentioned in the text

Station No.  1 Date: 23 December,  2013

4. Grade of Weathering  
  
Fresh
Slightly weathered
Moderat. weathered 
Highly weathered  
Complet. weathered 
Residual Soil   

Estimate  
 

0
1
2
3
4
5

5. Gradient 
 of Discontinuities 

Estimate 
 

0
1
2
3
4

 

6. Spacing  
of Discontinuities 

>3 m
1–3 m

0.3–1 m
0.05–0.3 m

 <0.05 m  
 

Estimate 
 

0
1
2
3
4

7. Orientation 
 of the Discontinuities 

Favorable                                              
      Unfavorable  

 Estimate 
 

0
4

8. Vegetation Cover 
Void   (<20%)  
Scarce (20–  60%) 
Abundant (>60%)  

Estimate 
0
1
2

 9. Water Infiltration  
      Inexistent  
Scarce
Abundant: Permanent   

Seasonal

Estimate 
0 
1 
2 
3 

10. Previous Landslides 
 Not registered
  Registered (Small volume)
  Registered (Large volume)

Estimate
0
1
2

     I (Small) (0–5)  III (Low) (11–15)  V (High) (21–25)  
II (Very low) (6–10) IV (Moderate) (16–20)  VI (Very high) (>25)

The LPI value is obtained by adding the estimations of attributes 1 to 10. If the orientation of the 
discontinuities is favorable, subtract the estimation of  the gradient.  

Observations: Recent tension cracks exists along both sides of the site; moreover, in the toe area.  

1. Slope Height (m) 

 

Estimate 
 1

2
3
4
5

2. Slope Angle  
<15° 
15°–30°  
30°–45°   
45°–60°  
>60° (68°)     

Estimate  
0
1
2
3
4
 

3. Grade of Fracture  
Sound 
Moderately fractured
Highly fractured  
Completely fractured  

Estimate 
0
1
2
3

1–8
9–15

16–25
26–35
>35 (780 m)

Coordinates X: Y:

<15° 
15°–30°  
30°–45°  
45°–60° 
>60° (65°)

1     +    2    +    3     +    4     ±    5    +    6     +    7     +    8    +    9     +   10 

5 4 1  3 4 0 4 2  2 2 = 2 9 

Fig. 2. Left) Satellite image showing the slid mass, note the successive cliffs indicating a rotational slide, Right) Field photo for
the slide.
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river is shifted back from the western side by an alluvial
fan that is developed south of the river (Fig. 3).

Barda Sur Landslides

Two old and large landslides had shifted the course
of the Greater Zab River in its south western reach.
The first is in Gopal village; whereas, the second is
south of Barda Sur village (Fig. 4). The two landslide

had happened in two different times. The first (oldest)
one is east of the Greater Zab River at Gopal village;
whereas, the second (youngest) is west of the river
south of Bard Sur village, just opposite to each other
(Fig. 4). In the former slide, the soft claystone beds are
slid towards the river; whereas, in the latter slide, the
thick polygenetic sediments; mainly formed from the
weathering of thick claystone and conglomerate of the
Bai Hassan Formation are slid towards the river, push-
ing the river eastwards; just opposite to the former
slide direction (Fig. 4). The coverage area of the Gopal
landslide is about 8.25 km2 and that of Barda Sur land-
slide is about 13.6 km2. We consider the average height
of the slid mass in the former and latter slides is 3 m then
the volume will be 24.75 × 106 m3 and 40.8 × 106 m3,
respectively. The main reason for Gopal landslide is
the oversaturation of the rocks of the Bai Hassan For-
mation, whereas in Barda Sur Landslide is the oversat-
uration of the clayey residual soil. In both cases the
undercut erosion of the Greater Zab River plays big
role in the sliding.

Qalat Diza Landslide

A very old and large landslide had shifted the
course of the Little Zab River in its extreme northern
reaches, south of Qalat Diza town (Fig. 5). The land-
slide includes rock and soil; this is attributed to the
exposures of the Kometan and Shiranish formations.
The coverage area of the landslide is about 1.976 km2, if
we consider the average height of the slid mass is 3.5 m,
and then the volume will be 6.92 × 106 m3. The main
reason of the slide is the undercut erosion of the expo-
sures of the Shiranish Formation, which includes soft
marls and marly limestone, besides the high dip

Fig. 3. Satellite image of Zibar landslide.
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Fig. 4. Satellite image of Barda Sur landslides, Gopal (yellow arrow) and Barda Sur (red arrow).

1 km1 km1 km

ChammahChammahChammah

GopalGopalGopal

WasumananWasumananWasumanan

SamilahSamilahSamilah
Barda SurBarda SurBarda Sur

43�48�36�� 43�54�36�� E



244

GEOTECTONICS  Vol. 54  No. 2  2020

SISSAKIAN et al.

amount of the folded rocks (Fig. 5). It is worth to men-
tion that after the sliding, the soft marl and the clayey
soil f lowed in different directions giving rise to the
nowadays strange meandering of the river.

Bul Qamish Landslide

This is a complex river meander, originally formed
due to the plunge of Taslooja anticline. The meander-
ing of the Lesser Zab River is moderated by a landslide
(Fig. 6, Top), the slid mass includes rocks of the Fatha
Formation overlying the limestone of the Pila Spi For-
mation. The Fatha Formation consists of alternation
of marl, limestone and gypsum. The main reason of
the sliding is the rock type, a fault, and the undercut
erosion of the river. The coverage area of the landslide
is about 3.19 km2, we consider the average height of
the slid mass is 6 m, and then the volume will be
19.14 × 106 m3.

Taq Taq Landslide

This is a complex river meander formed by three
main meanders (nos. 1, 2 and 3) along the course of
the Lesser Zab River (Fig. 7). The slid mass includes
mainly claystone of the Bai Hassan Formation. The
Bai Hassan Formation consists of alternation of clay-
stone and conglomerate with some sandstone beds.
The main reason of the sliding is the mud flow from
higher elevated areas towards the river in two opposite
directions (Fig. 7). The coverage areas of the three
landslide are about 45000 m2, 70000 m2 and

Fig. 5. Satellite image of Qalat Diza landslide.
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Fig. 6. Top) Bul Qamish Landslide, Bottom) Satellite image showing the land slide. Field photo of the landslide.
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18000 m2, respectively. We consider the average height
of the slid mass is 2 m, and then the volume will be
90000 m3, 140000 m3 and 36000 m3, respectively.

Saralu Landslide

This is a complex river meanders formed by four
main meanders (nos. 1, 2, 3 and 4) along the course
of the Lesser Zab River in its south western reach
(Fig. 8). The slid masses include mainly thick clay-
stone beds of the Bai Hassan Formation. The main

reason of the sliding in landslide no. 1 is the sliding of
the accumulated thick river terraces over the clay-
stone beds. For landslide nos. 2, 3 and 4 is the expo-
sures of thick claystone beds; mainly due to thrusting
(Fig. 8, points A, B). The coverage areas of the four
landslide are about 900000 m2, 862500 m2, 750000 m2

and 1200000 m2, respectively. If we consider the
average height of the slid masses in the four land-
slides are 5 m, 3 m, 3 m and 2 m, then the volume will
be 4500000 m3, 2587500 m3, 2250000 m3 and
2400000 m3, respectively.

Fig. 7. Satellite image of Taq Taq Landslides.
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Fig. 8. Satellite image of Saralu Landslides.
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Halawah Landslide

This is a large meanders formed by a landslide
along the course of the Lesser Zab River in its south
western reach (Fig. 9). The slid masses include
mainly thick claystone beds of the Bai Hassan For-
mation, which are overlain by river terraces. The
main reason of the sliding is the accumulated thick
river terraces over the claystone beds; besides the
undercut erosion of the river. The coverage area of
the landslide is about 337500 m2. We consider the
average height of the slid mass is 5 m, and then the
volume will be 1687500 m3.

West Soran Landslide

This is a large meander formed by a landslide along
the course of Zeel Gulley Stream, which merges with

the Rawandouz River; a main branch of the Greater
Zab River (Fig. 10). The slid mass includes thick beds
of marl and marly limestone of the Shiranish Forma-
tion. The main reason of the sliding is the lateral ero-
sion of Zeel Gulley stream. The coverage area of the
landslide is about 209677 m2. We consider the average
height of the slid mass is 9 m, and then the volume will
be 1887090 m3.

South Soran Landslide

This is a large meander formed by a landslide along
the course of Zeel Gulley Stream, which merges with
the Rawandouz Stream (Fig. 11). The slid mass
includes thick beds of marl and marly limestone of the
Shiranish Formation. The main reason of the sliding is
the lateral erosion of Zeel Gulley stream. The coverage
area of the landslide is about 187230 m2. We consider
the average height of the slid mass is 11 m, and then the
volume will be 2059530 m3.

East Rawandouz Landslide

This is a large meander formed by a landslide
along course of the Rawandouz Stream; a main
branch of the Greater Zab River (Fig. 12). The slid
mass includes well bedded limestone of the Bekhme
Formation. The main reason of the sliding is the lat-
eral erosion of the Rawandouz Stream and the dip
direction of the beds. The coverage area of the land-
slide is about 50700 m2. We consider the average
height of the slid mass is 100 m, and then the volume
will be 5070000 m3.

Tuz Khurmatu Landslide

This is an acute right angle meander formed by a
landslide along course of the Tuz Chia Stream (Fig. 13).
The slid mass includes claystone of the Bai Hassan For-
mation. The main reason of the sliding is the lateral ero-
sion of the Tuz Chai Stream. The coverage area of the
landslide is about 140000 m2. If we consider the average
height of the slid mass is 3 m, and then the volume will
be 420000 m3.

Derbendikhan Landslide

This is a large and right angle meander formed by a
landslide along course of the Diyala (Sirwan) River
(Fig. 14). The slid mass includes marl. Limestone and
gypsum beds of the Fatha Formation. The main rea-
son of the sliding is the lateral erosion of the Diyala
River and difference in the incompetency of the beds.
The coverage area of the landslide is about 240000 m2.

Fig. 9. Satellite image of Halawa Landslide. The orange
dash lines are the former courses of the river.
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Table 2. Raw field data and scored weights of the studied landslides

Favor. = Favorable, Unfav. = Unfavorable, Season = Seasonal, Perman = Permanent, Compl. = Completely.

L
an

ds
lid

e 
N

o.
Numbers of the aspects used in PLI Form

1 2 3 4 5 6 7 8 9 10

slope grade discontinuties
vegitation
cover, %

water 
Infil-

tration, % 

previous
Land 
Slide

volume
height, m angle, ° of Fracture of Weath-

ering
grad-
ient,° spacing, m orien-

tation

Scored weights (after Bejermen’s Method0

1
780 68 Moderate High 65 0.3–1 Unfav. Abundant Perman Large

5 4 1 3 4 2 4 2 2 2

2
201 33 Moderate High 63 0.3–1 Unfav. Scarce Perman Large

5 2 1 3 4 2 4 1 2 2

3.1
136 21 Moderate Soil 13 0.05–0.3 Favor. Scarce Perman Large
5 0 1 5 0 3 4 1 2 2

3.2
91 11 Moderate Soil 11 0.05–0.3 Favor. Scarce Perman Large
5 0 1 5 0 3 4 1 2 2

4
388 43 Moderate High 55 0.3–1 Unfav. Abundant Season Large

5 1 1 3 4 2 4 2 3 2

5
392 55 Highly High 37 0.3–1 Unfav. Scarce Season Large

5 2 2 3 2 2 4 1 3 2

6.1
88 18 Highly Compl. 41 0.05–0.3 Unfav. Abundant Season Small
5 1 2 4 2 3 4 2 3 1

6.2
93 22 Highly Compl. 32 0.05–0.3 Unfav. Abundant Season Large
5 1 2 4 2 3 4 2 3 2

6.3
64 23 Highly Compl. 39 0.05–0.3 Unfav. Abundant Season Small
5 1 2 4 2 3 4 2 3 1

7.1
31 17 Highly High 22 0.05–0.3 Unfav. Void Season Small
4 1 2 3 1 3 4 0 3 1

7.2
27 19 Highly High 17 0.05–0.3 Unfav. Void Season Large
4 1 2 3 1 3 4 0 3 2

7.3
77 22 Highly High 18 0.05–0.3 Unfav. Void Season Large
5 1 2 3 1 3 4 0 3 2

7.4
70 27 Highly High 23 0.05–0.3 Unfav. Void Season Large
5 1 2 3 1 3 4 0 3 2

8
48 18 Highly Soil 24 0.05–0.3 Unfav. Scarce Season. Small
5 1 2 5 1 3 4 1 3 1

9
81 35 Highly Moder 43 0.3–1 Unfav. Abundant Season. Large
5 2 2 2 2 2 4 2 3 2

10
74 47 Highly Moder 45 0.3–1 Unfav. Void Season. Large
5 3 2 2 2 2 4 0 3 2

11
211 57 High High 32 0.3–1 Unfav. Void Season. Large
5 3 2 3 2 2 4 0 3 2

12
11 67 High High 26 0.3–1 Unfav. Void Scarce Large
2 4 2 3 1 2 4 0 3 2

13
26 31 High Soil 25 0.3–1 Unfav Void Season. Small
4 2 2 5 1 2 4 0 3 1

14
54 15 Moderate Soil 15 0.3–1 Unfav. Scarce Season. Large
5 1 1 5 1 2 4 1 3 2
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Fig. 11. Satellite image of South Soran Landslide
(facing NW).
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We consider the average height of the slid mass is 7 m,
and then the volume will be 1680000 m3.

Daqooq Landslide
This is a wide and large meander formed by a land-

slide along course of the Tawooq (Daqooq) Chia
Stream (Fig. 15). The slid mass includes claystone of
the Bai Hassan Formation. The main reason of the
sliding is the lateral erosion of the Tawooq Chai
Stream, which is shifted successively westwards The
coverage area of the landslide is about 470 400 m2. We
consider the average height of the slid mass is 2 m, and
then the volume will be 940800 m3.

RESULTS
Landslide Possibility Index (LPI)

In order to estimate the LPI of the studied cases, we
have applied the method of Bejerman (1994) [2] in the

existing twenty landslides. We estimated the required
10 factors; some directly from the field; others from
relevant satellite images, geological maps at a scale of
1 : 100000 and topographic maps. The raw field data
and the assigned weights for each factor at the studied
landslides are shown in Table 2. The given weights for
each factor is according to Bejerman (1994) [2]. The
used form (Bejerman, 1994) [2] is shown in Table 1
which includes the field data of landslide no. 1 at Kha-
bour area.

By applying the LPI classification following Bejer-
man (1994) [2] (Table 3), the LPI values of each stud-
ied landslide were recorded (Table 4).

The estimated values of the studied landslides
(Table 4) are compared with the failure possibility
classification (Bejerman, 1994) [2], which consists of
six classes; as shown in Table 5. Accordingly, the fail-
ure possibility is indicated for the studied landslides.
The results are shown in Table 6.

Type and Results of the Presented Landslides

The type, involved materials in sliding, reasons of
sliding and activity of each presented landslide is sum-
marized in Table 7.

DISCUSSION

In the current study we have selected only those
meanders of rivers, streams and large valleys, which
are developed by landslides. This means that we have
neglected those which are developed by:

• Stochastic theory. Meander train is assumed to be
the result of the stochastic f luctuations of the direction
of f low due to the random presence of direction-
changing obstacles in the river path (Scheidegger,
2004) [15];

Table 3. Landslides hazard categories [2]

Landslide Possibility Index
Hazard Zone

grade category estimation

VI Very High <25
>25 High Hazard

V High 21–25

IV Moderate 16–20
(11 – 25) Moderate Hazard

III Low 11–15

II Very Low 6–10
<10 Low Hazard

I Small 1–5
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Fig. 12. Satellite image of East Ranwandouz Landslide (facing NW).
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Table 4. LPI Grade and Category with Hazard Zone of the studied landslides

V.H. = Very High, H. = High, M. = Moderate, H.H. = High Hazard, M.H. = Moderate Hazard.

L.S. 
no.

LPI Hazard
Zone

L.S.
no.

LPI Hazard
Zonegrade categ value grade categ.

1 29 VI V. H. H. H 7.2 23 V H. M.H.

2 26 VI V. H. H. H 7.3 24 V H. M.H.

3.1 24 V H. M.H. 7.4 24 V H. M.H.

3.2 23 V H. M.H. 8 26 V. H. H. H H.H.

4 27 VI V.H. H.H. 9 26 V. H. H. H H.H.

5 26 VI V.H. H.H. 10 25 IV M M.H.

6.1 26 VI V. H. H. H 11 26 V H. M.H.

6.2 28 VI V. H. H. H 12 23 V. H. H. H M.H.

6.3 27 VI V. H. H. H 13 24 V H. M.H.

7.1 22 V H. M.H. 14 25 V H. M.H.

• Equilibrium theory. Meanders decrease the
stream gradient until an equilibrium between the erod-
ibility of the terrain and the transport capacity of the
stream is reached (Riley, 1998) [13]. Moreover, we
have ignored all slip-off slopes, which refer to two dif-
ferent f luvial landforms that comprise the inner, con-
vex, bank of a meander loop (Keck et al., 1973) [8];

• Alluvial Fans. Meanders formed due to develop-
ment of alluvial fans are very common and well known
researched [17]. However, some meanders are

reshaped by the action of alluvial fans; for example,
Zibar and Qalat Diza Landslide (Figs. 3, 5).

Since the majority of the selected landslides are
very old; therefore, the details of the landslides are
vanished. It is very difficult to see the slid mass and/
or the crown area; especially when the landslide has
developed in soft rocks (Figs. 13, 14, 15). However, in
such cases the shifted river courses are very clear
(Figs. 9, 13).
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Table 5. Failure category for each LPI category [2]

LPI Category Failure Possibility LPI Value

I Small 0–5

II Very low 6–10

III Low 11–15

IV Moderate 16–20

V High 21–25

VI Very high >25

Among the aspects which contribute in landslides
development are the lithology, the slope gradient, the
slope aspect, the distance to streams, and to tectonic
lineaments, all these aspects are considered by Bejer-
man’s (1994) [2] (Tabl.1) Method. They are also con-
firmed by Capitani et al. (2013) [3], Kayastha et al.
(2013) [7], Ozdemir and Altural (2013) [12] and Wang
et al. (2013) [20].

The tectonic effect on the triggering of the slides is
discussed including other parameters (Table 8). It is
clear from the presented data in Table 8 that the scored
LP.I., Hazard zone and Failure possibility decreases
with less effective tectonic zone (Zagros Suture,
Imbricate, High Folded and Low Folded zones,
respectively in decreasing tectonic intensity). This is
attributed to the location of the zones from the tec-
tonic plate boundary between the Arabian and Iranian
plates which are in colliding since Late Cretaceous
and till now. However, there are some discrepancies
which are related with the tectonic intensity. Each case
is attributed to certain factor (Table 8).

The high dip angle is the most significant aspect
that has caused landslide; especially when the involved
rocks are carbonate rocks. However, clastic rocks with
gentler dip amounts are slid too. This is attributed to
the presence of claystone beds. The claystone beds will
lose their cohesion forces after saturation; conse-

Fig. 13. Satellite image of Tuz Khurmatu Landslide (facing
SW) showing the slid mass.
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44�41�12��
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Table 6. Failure possibility estimation at each of the studied landslides

L.S.
no.

LPI
Failure 

Possibility
L.S.
no.

LPI
Failure

Possibility
value categ. value categ.

1 29 VI V. High 7.2 23 V High

2 26 VI V. High 7.3 24 V High

3.1 24 V High 7.4 24 V High

3.2 23 V High 8 26 VI V. High

4 27 VI V. High 9 26 VI V. High

5 26 VI V. High 10 25 V High

6.1 26 VI V. High 11 26 VI V. High

6.2 28 VI V. High 12 23 V High

6.3 27 VI V. High 13 24 V High

7.1 22 V High 14 25 V High
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Fig. 14. Top) Satellite image of Derbendikhan Landslide (facing NW); Bottom) Field photo, the back ground is the cliff which
appears in the satellite image (above the red arrow).
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quently, the friction angle will decrease causing the
failure of the rocks (Terzaghi, et al., 1996) [18].

Other aspect which has significant role in the
development of landslides is the dip and/ or the slope
direction. Weather the direction is towards the river or
otherwise. This aspect is presented in Bejerman’s
(1994) [2] method by “Unfavorable” or “Favorable”
(Tables 1, 2). Due to the significance of this aspect it
has one of the highest weights (4) (Tables 1, 2) among
the others.

The height of the slope also plays a significant role
in the development of the landslides, especially,
when the height is more than 35 m (Tables 1, 2).
Majority of the studied cases are more than 35 m in
height (Table 2). Another aspect which has significant
role in the development of the landslides in the studied

cases is the water infiltration, since the water infiltra-
tion will increase the pore water pressure and decrease
the internal friction angle. Among the studied cases,
only four haven’t scored the highest weight (Table 2).
Another aspect with significant role in the develop-
ment of the landslides is the weathering grade, which
ranges from High to Completely weathered and even
changed to soil.

We have recognized the covering areas of the
already existing landslide in the selected cases and
have identified different risk types (Table 9) which
may happen when the landslides will be activated. And
because the LPI category is mainly High with High to
Very High failure possibility (Table 6); therefore, the
identified risks will be more likely.
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Table 7. Summary of the presented landslides

Slide name, 
number and fig. no. Type of slide Materials Reason of slide Activity Remarks

Khabour
2.1.
Fig. 2

Landslide 
(rotational) Rocks Presence of thick 

soft rocks Dormant
Very old large slide; 
happened most probably 
during Pleistocene

Zibar
2.2
Fig. 3

Landslide Rocks and soil
Presence of thick 
soft marl beds 
in the Shiranish Fn

Dormant
Very old large slide; 
happened most probably 
during Pleistocene

Barda Sur
No. 2.3
Fig. 4

Mud flow Soil and soft 
claystone beds

Saturation 
of the claystone 
beds and covering 
residual soil

Dormant, 
the toe area 
shows slight 
activity

Two old slides. The older 
one is called Gopal and 
the second is Bard Sur. 
Both have shifted the river

Qalat Diza
No. 2.4
Fig. 5

Landslide
Soft marl 
and claystone
beds

Saturation 
of the marl 
and claystone beds, 
and undercut 
erosion of the river

Dormant, 
the toe area 
shows slight 
activity

Very old landslide, hap-
pened most probably 
during Pleistocene. The 
shape of the slid mass is 
modified due to alluvial 
fans and sliding in the 
opposite side of the river

Bull Qamish
No. 2.5
Fig. 6

Landslide Rocks

Presence of over 
saturated soft clay-
stone beds overlying 
thick limestone beds

Dormant

Large and old landslide 
At the right side, there
is a younger small slide 
happened within the main 
old slid mass

Taq Taq
No. 2.6
Fig. 7

Mud flow Soft claystone 
beds

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Dormant

Three old slides, 
the sliding order (age wise) 
cannot be differentiated. 
However, No. 2 
is most probably the 
youngest because there
is no flood plain yet

Saralu
No. 2.7
Fig. 8

Mud flow Soft claystone 
beds

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Dormant

Four old slides, the sliding 
order (age wise) cannot be 
differentiated because all 
the races are vanished

Halawah
No. 2.8
Fig. 9

Mud flow Soft claystone 
beds

Saturation
of the claystone 
beds and undercut 
erosion of the river

Dormant – 
slightly active

Old slide successively hap-
pened and most probably 
still on going as indicated 
from the successive 
shifting of the f lood plain

West Soran
No. 2.9
Fig. 10

Landslide Fairly hard 
to soft rocks

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Dormant
Old slide as indicated
from the presence 
of wide f lood plain

South Soran
No. 2.10
Fig. 11

Landslide Fairly hard 
to soft rocks

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Dormant

Very old landslide most 
probably happened during 
Pleistocene, as indicated 
from the presence of wide 
f lood plain surrounding 
the slid mass
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Est Rawandouz
No. 2.11
Fig. 12

Landslide Rocks Undercut 
erosion of the river

Dormant – 
slightly active

Slightly active landslide as 
indicated from the absence 
of f lood plain and active 
erosion traces in the toe 
area

Tuz Khurmatu
No. 2.12
Fig. 13

Mud flow Soft claystone 
beds

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Active

Active slide as indicated 
from shifting of the river 
course and the f lood plain 
successively

Derbendi-Khan
No. 2.13
Fig. 14

Landslide Fairly hard 
to soft rocks

Undercut erosion 
of the river 
and presence 
of soft rocks

Slightly active

Very old landslide, 
most probably happened 
during Pleistocene. The 
slight activity is indicated 
from the successive shift-
ing of the f lood plain

Daqooq
No. 2.14
Fig. 15

Mud flow Soft claystone 
beds

Saturation 
of the claystone 
beds and undercut 
erosion of the river

Dormant 
to slightly active

Old slide successively 
activated as indicated 
by the shifting
of the f lood plain

Slide name, 
number and fig. no. Type of slide Materials Reason of slide Activity Remarks

Table 7.   (Contd.)

Table 8. Relation between the studied slides and the tectonic zones

Types of slides: L S = Landslide, M F = Mud flow, L.P.I. H = High, M = Medium Failure possibility: V H = Very high, H = High.

Slide no. Figure no. Tectonic Zone Type of Slide L.P.I. Hazard Zone Failure Possibility Notes

1 2
Imbricate

L S 29 H V H

2 3 L S 26 H V H

3.1
4 Low Folded M F

24 M H

3.2 23 M H

4 5 Zagros Suture L S 27 H V H

Due to undercut 
of the Lesser Zab 

River

5 6

Low Folded

L S 26 H V H

6.1

7 M F

26 H V H

6.2 28 H V H

6.3 27 H V H

7.1

8 M F

22 M H

7.2 23 M H

7.3 24 M H

7.4 24 M H

8 9 L S 26 H V H Due to the height

9 10
Imbricate

L S 26 H V H

10 11 L S 25 M H Lack of vegetation

11 12 High Folded L S 26 H V H

12 13 Low Folded M F 23 M H

13 14 Low Folded L S 24 M H

14 15 Low Folded M F 25 M H
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Table 9. Estimated risk in the studied landslides

L. S. no. Land Slide Name LPI Value Failure Possibility Estimated Risks

1 Khabour 29 V. High Agricultural lands and unpaved road

2 Zibar 26 V. High Inhabitants, settlements, agricultural lands and paved road

3.1
Barda Sur

24 High Agricultural lands and unpaved road

3.2 23 High Agricultural lands and unpaved road

4 Qalat Diza 27 V. High Agricultural lands and unpaved road

5 Bull Qamish 26 V. High Agricultural lands and unpaved road

6.1

Taq Taq

26 V. High Agricultural lands and unpaved road

6.2 28 V. High Agricultural lands and unpaved road

6.3 27 V. High Agricultural lands and unpaved road

7.1

Sara Lu

22 High Oil pipe lines and paved road with electrical power net

7.2 23 High Oil pipe lines and paved road with electrical power net

7.3 24 High Oil pipe lines and paved road with electrical power net

7.4 24 High Inhabitants, settlements, oil pipe lines and paved road 
with electrical power net

8 Halawah 26 V. High Agricultural lands and unpaved road

9 West Soran 26 V. High Agricultural lands and unpaved road

10 South Soran 25 High Inhabitants, settlements, 
and paved road with electrical power net

11 East Rawandouz 26 V. High Wild area

12 Tuz Khurmatu 23 High Agricultural lands and unpaved road

13 Derbendikhan 24 High Inhabitants, settlements, and paved road 
with electrical power net

14 Daqooq 25 High Agricultural lands and unpaved road

Fig. 15. Satellite image of Daqooq Landslide (facing south). The dashed lines are the old courses of the stream.
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CONCLUSIONS
The following can be concluded from the current

study:
(1) The recorded LPI values range from 22–29,

which means Category V to VI, indicating High to
Very High Failure possibility, and Moderate to High
Hazard Zones.

(2) Among the studied landslides, only one land-
slide is in a wild area. All the other landslides have dif-
ferent risks to the community and the infrastructure.

(3) Among the 10 aspects for evaluating the LPI,
the slope height, dip amount, direction of the dip and/
or the slope; as related to the river, water infiltration,
and the weathering grade are the most significant
aspects which have main role in the development of
the landslides.

(4) Two main types of sliding occur: Landslides
and mud flow.

(5) Majority of the presented slides are dormant;
few of them are slightly active.

(6) The tectonic intensity effects on the triggering
possibility of the slides which decreases with decreas-
ing the intensity of folding. However, some exceptions
occur due to effect of other factors.
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