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ABSTRACT 
 
More detailed characteristics of tectonism, 
including delineation and occurrence of uplift can 
influence the overall form, development and 
preservation of a fan landform. Some major new 
faults and lineaments trend parallel to the Sinjar 
fold axes are very significant in neotectonic 
movements activity within the study area. The 
interactions between tectonics, climate and base _ 
level change have produced distinctive fan 
geometric relationships between older and 
younger fan surfaces, and also expressed well in 
the morphometric properties of these fan systems.         
Examples of fans reflecting large scale variations in 
tectonism are those developed along the northern 
Sinjar Mountain in AL-Rabeea plain. Secondary 
transversal faults have impacted sediment yield 
and drop in the gradient, in step form and 
consequently caused termination of each stage 
and initiation of the next one, as demonstrated by 
the variations in shape and size of these multi-
stage fans and their sediment storage capacity. 
The movement of these faults caused the older 
fans to be dissected, and the younger fans to be 
deposited more further towards the north.   
   
In contrast to this phenomenon, distinct single 
stage fan landforms were recognized in the 
southern gently inclined ALJazira plain. The 
descriptive morphotectonic interpretations 
showed no evidence of neotectonism aligned with 
this plain. The fans vary considerably in 
morphology and extent because of varying 
characteristics of catchments areas, and different 
local base level changes, caused by differential 
erosion of bedrocks. 
 
Stratigraphic relations and tectonic development 
indicate that regional uplift and local tectonics, 
together with climatic fluctuations, have  
 

 
 
influenced the development of the alluvial fan 
landforms throughout the Quaternary.                                   
 
INTRODUCTION  
 
Alluvial fans are a conspicuous conical landform 
commonly developed where a channel emerges 
from a mountainous catchment to an adjoining 
plain of a wider valley (Fig. 1). 
 
The initial shape of a fan catchment and its 
subsequent evolution are largely a product of : (a) 
inherited local and regional structures such as 
faults, joints and geological contacts; (b) newly 
imposed (neotectoic) structural discontinuities, 
and (c) bedrock lithology (Bull, 1991). In general, 
faults or other discontinuities, whether inherited 
or neotectonic, become the locus of catchment 
development because these zones erode more 
quickly relative to adjoining ones, and thus focus 
overland flow. This factor is exemplified by 
comparing the catchment drainage network of the 
fan landforms in both limbs of Sinjar Mountain, 
with their underlying geology.  
 
The following works were carried out concerning 
the Sinjar Mountain front alluvial fans.  AL-
Daghastani (1989) divided the fans in Sinjar 
Mountain into active and inactive fans. Active 
alluvial fans being the larger. AL-Daghastani and 
AL-Dewachi, 2009; and Sissakian, 2011 executed 
the most comprehensive geomorphological work 
and mentiond the presence of multi_stage alluvial 
fans and their genesis. 
 
The landsat TM false color composite imagery, 
(147) bands was used to distinguish alluvial fan 
landforms, depending on the tone, texture shape, 
and drainage pattern of these fans (Fig. 1). These 
visual interpretation are matched by GIS software 
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program to calculate morphometric analysis of 
each catchment basins.   
 
The aim of this paper is to describe the 
distribution, drainage basin characteristics, surface 
morphology, tectonic activity on fan development 
and source area lithology of alluvial fan systems 
from both flanks of mountain front of Sinjar 
Anticline, using remote sensing technique. The 
paper focuses on the response of alluvial fan 
landforms to tectonic movement. 
 

 
Figure 1:  Landsat TM Image of Sinjar Anticline 

 
GEOLOGICAL SETTING 
 
The study area is located within the Foothill Zone 
of the Unstable Shelf of Nubio- Arabian Platform, 
along both slope plains of Sinjar Mountian. A 
morphostructural framework map has been  
compiled, by (AL-Daghstani and AL-Dewachi, 
2009), to show spatial morphotectonic zones 
distribution and distinctive tectonic anomalies in 
this area. The alluvial fan landforms along Sinjar 
Mountain are one of the most developed and 
complicated fan landforms in Iraq (Fig. 2). 
 
In Sinjar Mountain (anticline), the exposed rocks 
ranges in age from Cretaceous to Neogene. They 
are mostly carbonate except the restricted clastic 
outcrop of the Fatha Formation (Fig. 3). The 
highest peak attains 1462m, whereas the elevation 
of the surrounding plains ranges in height between 
(407- 432)m. The mountain forms asymmetrical 
anticline, almost with E-W trend that has steeper 
northern limb (45–80)°, and gentler southern limb 
(15 – 20)°,  its length is about 80 km, whilst the 
width is about 20km.  Geological maps  (Maala, 
1977; Hogopian et al., 1992 and Sissakian, 2000) 
were reviewed to indicate the relation between 
the exposed geological formations, in Sinjar 
Anticline, and the formation of the alluvial fan 
landforms and their extent. Different types of 

Quaternary sediments are developed in the study 
area ; they differ in age and genesis (Sissakian, 
2011). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Alluvial fan landforms in Sinjar Anticline 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Geology of  Sinjar Anticline after ( GEOSURV, 2009) 

 
Control on Fan Process 
 
At least five major factors influence fan processes, 
including catchment bedrock litholgy, catchment 
shape, neighbouring environments, climate and 
tectonism, (Blair and Mc Pherson, 2009). Although 
complicated due to interactions, the impact of 
each of these variables can be examined in which 
the study area is located, (Fig.4), (Table, 1). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Overlay of the alluvial fan landforms on landsat TM in 
Sinjar Anticline 
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Table 1: Characteristics of alluvial fans in the study area 

 
Catchment bedrock lithology                                                                   
 
The type of bedrock underlying the catchment is 
the main control on the primary processes of 
alluvial fans ( Blair, 1999). Rocks of differing 
lithology in Sinjar Mountain yield contrasting 
sediments suites and volumes due to their variable 
response to weathering. These effects can be 
exemplified by a survey of sediment found in fan 
catchments underlain by various bedrock in the 
Sinjar Structure. 
 
The various weathering styles of bedrock, and the 
colluvial textures they produce, promote different 
modes of erosion and sediment transport. For 
example, the first stage fans at the northern limb 
of Sinjar Anticline have different constituents as 
compared to remaining (four) stages. The main  
constituents of the first stage are very hard, 
splintery limestone pebbles and boulders that are 
derived mainly from Shiranish and Sinjar 
formations, very poorly sorted, the size varies from 
(20-60) cm, but boulders up to (1) m are common 
too (Fig. 5). The finer constituents are derived 
from Shiranish Formation. The limestone pebbles 
and boulders are sub rounded to rounded, where 
as those of chert are angular. Now the pebbles are 
almost loose due to recent feeder channel incision.                                                    
On the contrary, the constituents of the fans of the 
remaining stages are mainly of fine clastics with 

limestone pebbles up to 20 cm in size, usually 
capped by soil with loose limestone pebbles, on 
the top, and generally consists of better sorted 
stream flow sediments that are porous and 
permeable (Fig. 6). The greater abundance of 
mudflow and debris flow deposits in remaining 
four stages may result in decreased and less 
predictable porosity and permeability in these fan 
areas as compared to the first stage fan areas. 
 

 
Figure 5: Showing the strath surface between bed rock and 
alluvial deposit 

 

 
Figure 6: Showing type of alluvial deposit in multi stage fan, 
northern limb 

 
Catchment shape and preexisting geology 
 
The overall shape and evolution of a catchment 
can impact the   operative sedimentary processes 
on an alluvial fan landform. Catchment shape 
affects side slopes, feeder channel profile, relief, 
propensity for flash flood promotion, and 
sediment storage capacity ( Bull, 1962). Karsi and 
Dahona  catchments for example, are centred on a 
down dropped topography, the surface of which is 
composed of relatively soft Late Cretaceous marl 
and marly limestone. It is the main source for 
development of these alluvial fans. The resultant 
high sediment yield has produced the largest fan in 
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this sector of the northern Sinjar Mountain 
pedimont (Fig.7).  By contrast, near by small single 
stage fans have catchments developed up on well 
bedded and very hard limestones of Sinjar 
Formation (Late Paleocene – Early Eocene age), 
showing typically a small bottle neck catchment 
shape.  
 
Figures (7 and 4) showing that the position and 
orientation of feeder channels of the gully kersi 
fan coincide with thrust fault trending at a high 
angle at the northern limb of Sinjar Antictine. This 
relationship is enhanced weathering and erosion 
along the preexisting structures. 
 

 
Figure 7: Showing catchment shape areas of alluvial fans and 
prexisting geology at the northern limb of Sinjar anticline 

 
Effects of adjoining environment 
 
Aeolian, fluvial, volcanic, lacustrine, or marine 
environments that border alluvial fans can impact 
fan processes by modifying the conditions of 
deposition (Blair and Mc Pherson, 2009). 
 
No such of the above conditions affected the 
alluvial fan landforms in the study area. A well-
developed set of alluvial fans can be observed 
along both limbs of Sinjar Anticline. The first break 
in the slope is either along the contact between 
Shiranish and Sinjar Formations, in the northern 
limb, or Serikagni Formation in the southern limb, 
indicating apexes of the first stage alluvial fans. 
The breaks in gradient of the remaining stages can 
only be observed along the northern limb of Sinjar 
in Rabeea plain (Fig. 2). The apexes of the multi – 
fan stages are aligned on parallel lines that may 
indicate tectonic lines and may indicate active 
neotectonic environments (AL _ Daghastani and 
AL_Dewachi, 2009). 
 

Climatic effects 
 
Climate is widely believed to have a major control 
on alluvial fans because water availability impacts 
factors such as weathering, sediment generations, 
and vegetation. However, although many 
conclusions have been speculated, the effect of 
climate on fans remains unestablished. Two 
directions have emerged, one evaluating climatic 
variables, and the second associating specific fan 
processes to climate (Bull, 1991). 
 
The climate of the study area is semi – arid, with 
hot, dry summers and cool, moist winters, but with 
relatively light, seasonal rainfall (winter and spring 
), a rather extreme temperature range and high 
evaporation. The mean annual rainfall is 
approximately 400mm. 
 
The alluvial fan characteristics of the study area 
can only be explained by cyclic changes in 
processes by climatic changes and inherited 
structures and thus, every fan has trace properties 
unrelated to the present conditions acting on the 
fan system. This assumption coincides with 
present climate of the study area and the 
characteristics of the studied processes, forms, 
and facies of the two classes of alluvial fan 
landforms. 
 
Tectonic effects 
 
The most common and favorable conditions for 
the development and long term preservation of 
alluvial fans exist in tectonically active zones that 
juxtapose mountains and lowland plains (Harvey, 
1988; Wallace, 1984). A possible example of fans 
of this style are those in Sinjar Mountain where it 
is surrounded by accumulation glacis from both 
north and south (i.e, the gently inclined plains, 
AL_Rabeea and AL_Jazira plains respectively), 
developed adjacent to compressional structures 
formed since Paleozoic and continued 
intermittently up to Late Tertiary (AL-Daghastani 
and AL-Dewachi, 2009; Sissakian, 2011).       
       
Secondary and inherited structures have impacted 
sediment yield and catchment development there, 
as demonstrated by the variations in size and 
shape of these multi- fan stages and their 
catchments. The best developed multi-fan stages, 
as those in AL_Rabeea plain, are present in sub – 
provinces with the most recent transversal faulting 
parallel to the (E-W) trending major fault between 
Shiranish and Sinjar formations, along the 
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northern limb of Sinjar Anticline, that probably 
were still active and had contributed in the 
acceleration of fans development in this plain (Fig. 
2). Tectonic movement of these faults can change 
the base level of erosion, affect alluvial processes 
and evolution, and result in multi – stage of alluvial 
fan landforms (Fig. 8). These multi – stage fans can 
be used as synchronous time lines to date the 
movement on these faults and the occurrence of 
neotectonic area. The implications for the 
chronology are that the fan incision took place 
after the deposition of this fan surface in the late 
Pleistocene. The younger channel deposits have 
been dated as Holocene.  
 
Evidence for local thrust faulting along the 
southern limb can be seen in the study area, 
where Quaternary deposits of the alluvial fans (Fig. 
9) have been faulted by the NE_SW fault systems 
in Sinjar Formation, which has demonstrably 
disturbed Quaternary as well as Neogene rocks. 
 

 
Figure 8: Showing active incision and tilting of strath surface of 
alluvial deposit in multistage fan, northern limb 

 

 
Figure 9:  Showing local thrust fault along the southern limb 
disturbing fan deposit and Neogene rock 

 
Long-term fan adjustment 
 
Long profile data for feeder channel alluvial fans 
are extracted from GIS technique using DEM and 

displayed as graphic format (Fig. 10). Unless 
dominated by structural or tectonic control, the 
long profiles of numerous fan feeder channels 
measured in this study are overall, concave 
upward, but may have straight or even convex 
upward segments (table 1).   
 
The longitudinal profiles of these feeder channels 
are controlled more recently by the (L1 - L4) 
lineament fault systems. Analysis of selected 
streams pointed to structural and lithological 
anomalies in their locations. On the contrarily, the 
analysis of inactive alluvial fans showed distinctive 
smooth surface and form. Long profiles analysis 
showed no evidence of up normality in the 
measured slopes of the valley. 
 

 
Figure 10: Longitudinal profiles of Kersi fan (northern limb) and 
Sinjar fan (southern limb) 

 
CONCLUSION 
 
The Sinjar Mountain is a Cenozoic Foreland Basin 
System, located on the Unstable Shelf of the 
Arabian Platform, represented by the High Folded 
Zone. The Sinjar Anticline is the only structural 
form in the study area. The structure is 
characterized by thrust fault systems trending E-W 
parallel to the fold axis. The older fans are larger 
and closer to the mountain front. Their apexes are 
controlled by either the thrust fault along the 
northern limb or to geological contacts. 
Dislocation of feeder channels of first stage alluvial 
fan channels indicate that this active thrust fault 
has undergone vertical slip movement since the 
Late Pleistocene. Taking into account the existence 
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of this major fault in the northern limb of Sinjar 
Anticline, oriented E-W and in a marked alignment 
with parallel sets of geomorphic lineaments 
further north (the Rabeea plain), it is reasonable to 
assume that this multi-stage alluvial fan 
alignments developed during Late Pleistocene 
neotectonic event, which occurred throughout the 
northwestern foreland basin system in Iraq. The 
apexes of these younger multi_stage fans are 
juxataposed on the (L1 - L4) geomorphic 
lineaments (Basement thrust fault systems) . 
 
These thrust fault systems have caused the older 
alluvial fans (first stage) to be dissected, and the 
younger fans (four multi-stages) to be deposited 
more towards the northern plain of Sinjar Anticline 
(the Rabeea plain). The dislocation of feeder 
channels, vertical incision and the migration of 
alluvial fans suggests that tectonic activity was 
more intense during Late Pleistocene-Holocene 
time. Hence the aggradation and dissection 
sequence of the alluvial fan systems may partly 
reflect Quaternary climatic fluctuations but within 
a spatial framework determined by neotectonic 
activity. 
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