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Abstract 
   The origin of huge dislocated limestone blocks on the southern part of Sharazoor plain and toe of 
Baranan Mountain (homocline) of are discussed. The homocline is elongate ridge, which is trending 
southeast- northwest at southern boundary of western part of Sharazoor plain at 20 km south of 
Sulaimaniya city. Field study showed that the blocks are slid from   upper part of the homocline scarp.   
The   thin section study showed the blocks belong to Sinjar Formation. This slide is proved to include 
both plane sliding, on the limestone of Sinjar Formation, and rotational sliding on Kolosh formation. This   
slide   is the largest one recorded in Iraq. 
The sliding and enlargement o f the plain is discussed and combined together through three stages. The 
main stage of enlargement of the plain is attributed to erosion by the stream and successive sliding of the 
cliff.  The sliding is triggered by lateral and vertical erosion undercutting of the base of northeast side of 
the homocline by Tanjero stream during long time. These led to oversteepening of the paleoslope of scarp 
slope and consequently its failure and sliding. Both the sliding and the development of the Sharazoor 
plain are combined with northward and southward migration of the Tanjero stream during lateral and 
vertical erosion. The sliding failure is analyzed structurally and plotted on stereonet, which showed that 
the masses are dislocated mainly by plane sliding at upper part and by    rotational siding at lower part 
on Kolosh Formation. The failure aided by low angle dipping of homocline and   normal fault.  This fault 
with two sets of conjugate hko joints might have act as    release surfaces. The low dip angle of the 
homocline also promoted release of the blocks under the    effect of the gravity. 
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Introduction 

 

The studied area located at northeastern 
Iraq, about 20km to the south of 
Sulaimaniya City (Fig.1).  The area 
includes the western part of the famous 
Sharazoor plain and an elongate high 
ridge, which is called Baranan (Zirgoez) 
Mountain. This mountain has northwest- 
southeast trending between    
Darbandikhan dam and Dokan dam at 
southeastern and the   northwest end of the 
studied area respectively. The mountain 
has many local names such as Shaffa 
Rash, Zirgoez Bakr Agha and Tasluja 
Mountain. Structurally the mountain is a 

homoclinal ridge and its strata dipping 25 
degrees toward southwest.  
   The western part of the plain is located 
between    toes of Goizha anticline and 
Baranan homocline (Fig.1). The plain is   
dissected longitudinally by Tanjero 
stream, nearly parallel to the homocline 
(Fig. 2). The   stream divides the eastern 
part of the plain into two parts, southern 
and northern, both parts gently sloping 
toward the stream channel. The stream 
course is closer to Baranan Homocline 
and nearly parallel to the contact    
between Tanjero and Kolosh Formations 
(Fig. 3). 
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Geological setting  
    The studied area is located within the High Folded Zones near the boundary between 
Low and High Folded Zones of Buday (1980) [1]. In this area, Baranan (Zirgoez) 
homocline dips at 25 (back slope) toward southwest, which is nearly, equal to amount of 
the    slope angles. While the scarp slope form high cliff, which has about    60 degrees 
of slope. The cliff is    looking over the Sharazoor plain and Sulaimaniya city. Along its 
elongation many Tertiary units are exposed. These units are Kolosh), Sinjar Gercus and 
Pila Spi Formations   from the bottom to the top of the cliff successively. These 
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formations have the thickness of 1000, 120, 70 and 60 meters. Kolosh Formation is 
cropped out at an area extending from the    base of the cliff to the right bank of the 
stream which covered sporadically by huge masses of thick bedded limestone (Fig. 2 
and 4). The blocks are detached from the cliff and slid from the slope   onto plain.  Now 
they rested on southern boundary of Sharazoor plain on Kolosh Formation. Some of 
these blocks are far   than three kilometers from the cliff. They   have sporadic 
distribution some of them weighted more than 800 million tones. Their distribution can 
be seen clearly on map and at the field from Tasluja, at northwest to Zarayn town at 
southeast. 
    The study of origin of these limestone masses can unlock the development stages of 
the western part of Sharazoor plain (Fig.4 and 5). In the area of the study, both Kolosh and 
Sinjar Formations   are closely related to dislocation of the limestone blocks and 
development of that part of Sharazoor plain included in this study. 
The field and thin section studies showed that these blocks are belonging to Sinjar 
Formation as they are composed of well bedded to massive fossiliferous limestone, rich 
in nummulites (Plate 2.3) and miliolide forams with gastropod and pelecypods. The 
moderate weathering        of the blocks probably proves that the sliding has occurred 
during Holocene (recent), which is no older than 8000 years. 
    In addition to the present slidings, the area   around the plain contains many sliding 
masses. These masses located directly at northwestern boundary of the studied area such 
as a rockslide at the northern   side of Charmaga valley and Qara-Chatan rockslide at the 
southwestern limb of Piramagroon Anticline. This latter slide is studied in detail by   
Hamasur (1999) [2] and Karim et al. (2000) [3]. 
   Sliding, joint and fault are participated in the shaping of cliffs. According to the slope 
classification of Al-Saadi 1981, in:(Al-Asade, 1996) [4] the scarp slope is called parallel 
slope. Because the   angle between the slope trend and strike of the strata is deviated 
less than 20 degrees. 
 
Development stages of the sliding 
Stage 1 (Depositional Stage) 
   The most effective stage of the development of the plain is the deposition of the paleo-
shoreline, which exactly located at the northern boundary of the plain, which nearly 
coincides, with the toe of the Azmir and Goizha anticlines (Fig.   5). During   Paleocene 
and Eocene the limit of the deposition of the   weathering resisting rocks (Sinjar 
Formation) was coinciding nearly with the paleo-shoreline (Fig.5).  At the area between 
the toe of the anticlines and present position of the Baranan homocline the thickness of 
limestone of Sinjar and Pila Spi Formation was at the minimum   due to coastal onlap 
phenomenon (termination). The thickness of the two formations is increased gradually 
toward southwest due to location of depocenter (core of the reef), which reach, at the 
location of sliding, 120m and 70m respectively. Karim (1999) [5] observed and studied 
this type of thickness change of Sinjar Formation from Sartak Bamo area (10km east of 
Darbandikhan town). He observed that at the distance of 2km and toward southwest, the 
thickness change from 20 m to 60m Al-Surdashy (1988) [6] studied the outcrop of 
Sinjar formation at the northeastern scarp of the homocline near Zirgoez village and he 
proved that the formation has shoal environment along present studied area. 
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   In the depositional time of these two 
formations the present Azmir-Goizha 
anticlines was at the initiation stage as    a 
low positive paleo-high above the sea 
level. Sinjar and Pila Spi Formation were 
terminated against the Paleocene -Eocene 
low anticline of Azimr-Goizha. 
 
Stage 2 (deformational stage)  
   This stage includes the longest time 
span of Tertiary and began after 
deposition of the Sinjar, Gercus, and Pila 
Spi Formations. It starts with deep burial 
and subsequent uplift. Simultaneously 
with these, the horizontal tectonic stresses 
were exerted on the deposited rock units. 
The main force in the area was appeared 
during the orogenic movement of 
continent-continent colliding between 
Iranian and Arabian plate. According to 
Karim, 2004[7], this collision is started 
during Upper Cretaceous and continued 
during Tertiary. In this stage the deposited 
formations are folded, fractured and 
faulted. Many minor synclines and 
anticlines are formed. All these minor 
structures are superimposed on gently 
dipping   homocline and Sharazoor plain 
(Fig. 5). 
 
Stage 3 (erosional stage) 
   After the burial and uplift, the deformed 
area was undergoing gradual extensive    
erosion. The maximum erosion is 
happened at the    thinnest portion of the 
homocline, which in our estimate, it 
happened at the area of coastal onlapping 
of the Sinjar and Pila Spi Formations. This 
is happened before exposing of Sinjar and 
Pila Spi Formations. This is because these 
formations were at their minimum 
thickness at the coastal area (Fig.5). The 
erosion is aided by more or less jointing 
and fracturing due to bending.  

    So the erosion was progressed from the 
southwestern limb of Azmir-Goizha 
anticline toward the present scarp of 
Baranan (Zirgoez) Homocline. At end of 
this stage and with erosion, the previous 
positions of the Tanjero stream were 
migrated southward continuously toward 
the present position. The underlying soft 
rocks of Kolosh Formations aided the 
erosion. (Fig.5) This shifting is possibly 
associated with some minor sliding.  
        
Stage 4 (sliding stage) 
   Emery and Myers (1996, p.179) [8] 

defined sliding as shear failure along 
discrete shear planes subparallel to 
underlying beds. Slide may behave 
elastically at top, plastically at the base 
and thin at lateral margin. This stage 
characterized by occurrence of the main 
and the last slidings. The slid mass (in few 
places transformed to slide debris) now 
spread on the southern part of the plain at 
the toe of Baranan mountain (Plate 1.1 
and 1.2) and (Fig. 4). Before the last 
sliding the Tanjero stream had been 
shifted (migrated) southwestward beyond 
its present location (Fig.5). So that it was 
reached the present position of the slid 
mass. Bloom (1998, p.263) [9] showed by 
diagram and mentioned lateral migration 
of a stream down dip on soft rocks 
(Kolosh Formation in the case of present 
paper). He called this process “homoclinal 
shifting”.  
 When the channel stream   reached the 
closest position to the monocline, the cliff 
had been oversteepened and remained 
without support. Consequently the cliff 
masses slid toward the existed slope toe 
and some masses reached the plain. The 
sliding of these huge limestone blocks    
caused the stream to retreat backward 
(migrate toward northeast). This backward 
migration of stream is analogous to   a 
new road excavated by inexperienced 
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engineer in mountainous area. When the 
road   makes unstable high side, the side 
rocks may slide and change the route of 

the road (migrate). In this example the 
excavation of the road and sliding can be  
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compared with southwest and northeast 
migration of the channel respectively. The   
present slide is similar to Viont slide in 
Italy which changed the position of the 
channel of Viont river away from slide 
(see Boom [9] ).      
 The occurrence of Kolosh Formation 
promoted the processes of sliding due to 
softness of the lithology of the formation 
(mostly marl and calcareous shale). The 
measured angle of internal friction is no 
more than 25 degrees.    
   The plain between the anticline and 
homocline can be regarded as natural 
large channel whose southwestern bank 
(homocline) was unstable. Thorne (1990) 
[10] studied small channels of these types 
and   showed that high banks fail by 
rotational slip along curved surface when 
their slopes are less than 60 degrees. He 
observed that slip surface passes just 
above the toe of the bank. The sliding of 
the limestone block of Baranan 
Homocline is nearly similar to that 
mentioned above channel because the 
sliding on the lower slope on the Kolosh 
Formation was included clear    rotational 
slide.             
    Fischenich (1989) [11] claimed that 
nank failures in river   system occur 
through one of the three modes: 
1) Hydraulic force that remove erodible 

bed (Kolosh Formation in the present  
2) study) or bank material.Geotechnical 

instabilities.A combination of 
hydraulic & geotechnical factors. 

Situation of slided blocks 
    The existence of joints and   faults in 
the rock of Sinjar Formation may be acted 
as release surface for sliding.  At the 
upper part of the slope the masses slid on 
Sinjar Formation while at the lower part, 
they moved on soft marl of Kolosh 
Formation. This Formation, in the area, 

has soft lithology, which   consists mainly 
of marl and calcareous shale. Now the 
sliding    surfaces   are slightly weathered   
and dissected by   ravines and even small 
valleys. Most of the remained parts of slid 
blocks show the original bedding plane 
(Plate 1.1 and 1.2) with some 
disintegration and deformation. 
   In some place the direction of dip   
shows prominent changes. So that original 
S50W dip direction of the bedding plane 
of homocline is changes, in some place, to 
east or west. The amount of dip of the 
slided masses also increased, from 25 to 
more than 70degrees for some blocks. 
Therefore the dislocation of the blocks is 
happened by sliding not faulting. This   
agrees with what is given by Sparks 
(1974,p.56) [12] who cited and illustrated 
by diagrams that sliding blocks suffer 
from increase of dip angle while the 
faulted blocks do not (Fig.4 and plate1). 
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He gave another difference, which 
manifested by the fact that the dislocation 
by fault continues into the underlying 

incompetent rocks (Fig.2a). The sliding is 
not only included Sinjar Formation, but 
included both overlying Gercus and Pila 
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Spi Formations (Fig.5). As these two 
formations have softer lithologies and 
thinner beds than Sinjar Formation, so 
they removed by erosion after sliding. Till 
now some slided blocks partially covered 
by Gercus Formation (Plate 1.1 and 1.2) 
and (Fig.  4).   
   The weight of some blocks are 
measured to be more than 800 million 
tones, these huge masses exerted high 
pressure on the underlying rocks during 
sliding so that some brecciated rocks can 
be seen on the sliding surfaces (Plate 2.2). 
   The distinguishing of the    bedding 
plane along surface of the blocks is   
attributed to two factors; the first one is 
relatively low sliding elevation (no more 
than 250m) and slope angle of 50 degrees. 
This low elevation of sliding gave the 
masses low velocity of sliding. The 
second one is the resting carpet of the 
slided masses, is composed of soft marl. 
This carpet of marl   possibly absorbed 
nearly all-dynamic force of blocks during 
sliding.  Dennis (1987) [13] mentioned 
that the slid slabs are transported rapidly 
and usually disintegrated down slope 
during movement and finally come to rest 
as jumbled and brecciated masses.  
According to Hamasur (1999) [2] and  
(Karim et al. (2000) [3] these processes 
are happened for Qara-Chattan (at 
southwestern limb of Piramagroon 
anticline) rockslide which slided from 
elevation of about 1000m and rested on 
hard rock (mainly Kometan Formation). 
   The second factor is returned to 
constituents of the original slid masses, 
which is composed of competent 
fossiliferous limestone Sinjar Formation 
(Plate 2.3). It is possible that brecciated 
blocks (if existed) of Sinjar Formation are 
removed by weathering.  
Graphical representation of the data 
  Before graphical representation of the 
sliding processes on stereonet, the field 

study of the area is conducted for 
measuring; all the structural discontinuity 
associated and promoted the sliding. 
According to Zhou (2000) [14] the 
ruptures (fractures) and joints make up 
main discontinuities for rock sliding.  In 
this study, fractures, joints, faults and 
bedding are measured in the field.  
For the plotting of   the structural data as 
rose diagram, a Windows based software 
(named Rock   Ware) is used as following: 
1. The original data for joints were    taken 
in the field as compass quadrant reading. 
For convenient, they are converted to their 
equivalent azimuthal reading before 
entered into the PC. 
2. The effect of tectonic tilt is corrected 
when the tectonic tilting is more than 30 
degrees   (Tucker, 1988) [15].      
 3.The attitude of structural 
geomorphological elements (fault, slope, 
sliding masses) are plotted   on the      
Schmidt stereonet by   careful treating of 
the data and their arrangement because 
they must be formatted either according to 
Dip Direction or according to Right Hand 
Rule (see help file in the Rockware 
Software). In the present study, the 
compass readings are    arranged (or 
converted) to azimuthal data by using Dip 
Direction Format for drawing of the 
stereonet diagrams   (Fig. 6).   
The effect of the structures on the 
sliding are as following:  
1.The main joint    sets are two conjugated 
sets of hko which nearly dipping vertical 
and   striking 45o and 305o (Fig.6). They 
are striking obliquely on the axis of 
homocline. These joints are possibly acted 
as lateral   release surfaces for the sliding 
blocks. 
 2. The normal longitudinal fault (dip slip 
fault) is distinguished which nearly run 
parallel to the crest of the ridge (Baranan 
mountain It strikes 320o dips 50 towards 
northeast (Plate2.1). The role of this fault, 
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as release surface for the later sliding is 
not known. This is because the position of 
the fault is more than 500m far from the 
sliding scar. But if it had been   associated 
with parallel faults or en echelon faults 

they may had played main role for sliding 
of the blocks. Therefore these possible 
parallel faults treated as main factor for 
sliding in 
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  stereonet analysis.  At the extreme 
eastern end of the studied (homocline) 
area, near Darbandikhan Dam site, Jassim 
et al. (1975)[16] recorded a normal fault 
but they regarded as syn-depostional fault 

not as post-depostional one as assumed in 
this study.  
3. After the stream erosion (under cutting 
of the slope scarp of homocline), the most 
important structural factor for the sliding  
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is the dipping angle of   homocline. It is 
dipping at 25o degrees toward 243o 

(S63W). This type of dipping creates 
suitable   unstable condition for that part 
of the homocline that is looking over the 
Tanjero stream (looking northeastward).  
The effect of the low angle dipping is as 
following: 
A. The stream might have eroded the soft 
marl and calcareous shale of Kolosh 
Formation easily vertically and laterally 
(towards southwest) without any obstacle. 
This scored the support     below the scarp 
slope of the homocline and cause 
detaching of large blocks from scarp 
slope. geomorphologically the ridge   can 
be regarded as large cuesta, because it has 
gentle slope (equal  nearly to dip angle) on 
one  side (southwestern side) and steep 
slope on the other (scarp slope). So the 
removing of the support led to successive 
sliding of the cuesta (Baranan ridge). 
B. The low dipping angle of the 
homocline makes the     undercut blocks 
to be unstable. The masses may be 
supported   partially by weathered marl; it 
was most possibly that part of the masses 
is located outside the fresh marl and inside 
the weathered marl (or calcareous shale) 
of the Kolosh Formation. In this study the 
internal friction of the weathered (or 
deformed marl) is specified to be 25 
degrees for plotting on the stereonet 
(Fig.6). The sliding is proved to be plane 
sliding at the upper part of the slope and    
rotational sliding at the lower part on 
Kolosh Formation. Blyth and de Freitas 
(1974, p.372) [17] showed the difference 
between plane and rotational sliding.    
4. The effect of the paleo-hydrological 
setting (It was nearly similar to present 
one) cannot be excluded in promoting 
sliding. Like at the present time, the 
discharge of groundwater existed as   
spring between the contact of the Kolosh 
and Sinjar Formations eroded and 

undercut the scarp slope. The ancient 
discharge between the two formations 
now can be seen as famous Hazard Merd 
caves which   can be seen from 
Sulaimaniya city by small binocular. 
(Fig.1). According to Jiao et al. (1999) 
[18], the saturated slope materials, after 
rainstorm, accelerate their failure. The 
present   slide is   also might be   aided by 
groundwater due to increasing the weight 
and decreasing the internal friction.    

Conclusion 
This study has reached the following 
conclusions: 
1.The development of western part of the 
Sharazoor plain is attributed to    Tanjero 
stream erosion and sliding of huge block 
from the Baranan Homocline.   
2. More than 9 slid blocks are recorded 
and mapped for the first time.     
3. The development of the plain is 
discussed through four stages they are 
depostional, deformational, erosional and 
sliding stages successively.  
4. The slid blocks are belonging to Sinjar 
Formation, slide for more than 3km, and 
descended 300m from crest of homocline 
to the plain. 
5. During time, Tanjero stream has 
changed its course. It was assumed that 
the streambed was closer to the homocline 
than the present. But retreated 
northeastward after the sliding. 
6. The sliding is proved to be plane sliding 
at the upper part of the slope and    
rotational sliding at the lower part on 
Kolosh Formation. 
7. The underlying Kolosh Formation has 
great effect on both sliding and 
development of the plain by its low angle 
of internal friction and easiness of erosion 
both laterally and vertically.  
8. The sliding is occurred during recent 
(Holocene) times (no older than 8000 
years). 
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