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ABSTRACT 

The Wadi Zerka Ma’in catchment area is located in the North East of the Dead Sea. It contains a confined 
river of about 23 km length. The region is characterized by a recent sharp base level drop and a strong 
orographic control on climatic parameters such as temperature and precipitation. It is controlled by three 
regional structural systems as follow: 1) the anticline – syncline system (late Cretaceous - end of Miocene) 
which is a part of Syrian fold arc system; 2) NW – SE faults system which were generated simultaneously 
and parallel to the Red Sea spreading; 3) NWW – SSE faults system which are perpendicular to the Dead 
Sea and younger than the Red Sea fault system; 4) NNW – SSE faults system (middle Miocene – until 
now) which were generated simultaneously and parallel to the active Dead Sea transform fault. The 
structural setting of the study area was evaluated by means of a three-dimensional (3D) geological model, a 
digital elevation model (DEM) with resolutions 15 meters and stream profile analysis. DEM generation was 
performed using ASTER data. We found that the Wadi is located at the junction of two main fault systems. 
The major feature is a trans-tensional fault displacement which changes from 0 to 200 m. We showed that 
the catchment area is a result of a rotational fault while the river changes its flow direction according to the 
different fault system directions. The lower portion of the basin is affected by the major base level drops 
and display contributing rivers in exceptional non-equilibrium. Thus this catchment allows observing the 
rapid adaptation of the drainage system to both climatic and tectonic forcing. 
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1. INTRODUCTION 
The Wadi Zerka Maien catchment area is located in the north west of the Dead Sea and has an area of about 
272 km². It has a dendritic drainage system which runs directionally from north east to the west and 
discharges directly into the Dead Sea (Fig.1). Its cropping rocks are mostly sedimentary and belong to 
Cenozoic, Mesozoic and Paleozoic Eras. The lithological units of the upper part consist mainly of 
nonclastic sedimentary rocks. The lower part consists of clastic sediments. However, basalt, extrusive 
igneous rock, covers partly the lower part of the catchment area.Faults and folds have different directions, 
distributions and geological ages (Fig.2).  
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The aim of this research is to evaluate how structures influenced the structural setting and drainage 
networks of the catchment area through remote sensing techniques that provide a useful method for 

 Fig.1: Location of Wadi Zerka Ma’in River catchment. The catchment area has a dendritic 
drainage pattern. Zerka Ma’in River is confined a River valley and partly ephemeral. 
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Fig. 2: The geological map of the study area (digitized from Natural Resources Authority maps sheet 
number 3153-I, 3153-II and 3153-III). Rocks of three Ears crop out in the study area: Cenozoic, 
Mesozoic and Paleozoic.  
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a better description and interpretation of the geometry of the structures [1]. 

2.   GEOLOGY 

The Arabian-Nubian Shield, composed of Pre-Cambrian crystalline, performed in up and down movements 
during epirogenic activities since Pre-Cambrian time. The epirogenic activities resulted in marine 
transgressions and regressions of Tethys Ocean. The geological layers of the case study were deposited by 
the North West transgressions of the Tethus ocean and the erosion of the uplifting of the Arabian-Nubian 
Shield, from the south during the regression [2] (Tab.1). 
 

 
 
 
 
 

Tab.1: Geological layers of the study area. 
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The quaternary rocks are mainly basaltic rocks from three plunges and have ages range from 0.6 to 6 Ma 
BP [3]. The study area is located on the eastern side of the Dead Sea transform fault that represents part of 
the boundary between the African and Arabian plates with a rate of motion of about 6mm/year. It connects 
the divergent plate boundary along the Red Sea with the zone of plate convergence along the alpine 
orogenic belt in Turkey [4].  
 
There are three major fault systems in Jordan. The faults in the study area belong to those systems,: 1) NW-
SE faults system (parallel to the Red Sea): the oldest faults system which had been created simultaneously 
with the Red Sea spreading basin and has an age between mid-Oligocene to early mid-Miocene [5]; 2) 
NNW-SSE faults system(parallel to the Dead Sea): they were created simultaneously with the conservative 
movement along the Dead Sea transform faults, they are younger than previous faults system; 3) NWW-
SEE faults system (perpendicular to the Dead Sea): they are the youngest faults system in the area [6]. The 
anticline-syncline systems in the upper part of the catchment area belong to Syrian arc folds. They are a 
bundle of NNE-SSW to ENE-SSW trending folds which were created between late Cretaceous and the end 
of Miocene by mild compressional deformation [7].   

3.   METHODOLOGY 
Remote sensing (RS) provides a synoptic view of the terrestrial landscape and is used for surveying, 
monitoring, and change detection analysis of natural resources. Geographic information system (GIS) are 
useful for the analyses of spatial and temporal parameters detected by remote sensing techniques [8].  
 
An integrated approach of remote sensing and GIS was used to evaluate the structural setting and drainage 
network of the study area (Fig.4). ASTER Image 2005 was used to generate a 15m (digital elevation 
model) DEM through Geomatica V10.3 software (Fig. 5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ArcGIS 9.3 was used to extract the drainage network, water divides and to perform geo-referenced maps, 
digitizing, overlaying layers, view shed visualization and topographic cross sections (Fig. 6). The 
topographic cross sections were converted to geological cross sections which built a structural model 
through the GMS software. The thicknesses of the layers in the structural model were calibrated by actual  
 
 

Fig. 4: Simplified workflow model.   
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Fig. 6: DEM for the study area and the locations of the topographic profiles. 
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boreholes. After that contractive interpolation for these cross sections was carried out to build a three 
dimensional (3D) stratigraphical model (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 4. DISCUSSION AND CONCLUSION 
The drainage network of the case study area has exactly the same direction as the fault system in the study 
area as follow: 
1) NW – SE drainage network that is parallel to the oldest fault system (Red Sea faults system); 2) NWW – 
SEE drainage network that is parallel to perpendicular faults to the Dead Sea and youngest than the 
previous drainage network; 3) NNW - SSE drainage network is the youngest drainage network in the study 
area and parallel to the faults that are parallel to the Dead sea transform fault (Fig.8).  
 
The topographic profile of Zerka Ma’in River and crosser lines (Fig.9) shows tow topographical dropping 
as follow: 
1) 200 m elevation drop at the distance of 34 km, in the middle of the catchment area (Fig. 10); 2) 250 m 
elevation drop at the distance of 45 km at the lower portion of the catchment area. The first topographical 
drop is a result of trans-tensional fault zone (Fig.10). The second topographical drop is a result of river 
incision of sandstone units. This river incision was developed rapidly as a result of the fast declining of the 
Dead Sea level that reaches up to 1m per year [9].  
 

Calibrated cross sections 

Fig. 7: 3D stratigraphical model of the study 
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Fig. 8: Drainage network directions in the study area. 

Drainage networks directions is similar to the faults directions 
(rose diagram) as follow: 
1) Parallel to the Red Sea faults. 
2) Perpendicular to the faults on the Dead Sea. 
3) Parallel to Dead Sea transform fault. 
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The catchment area of wadi Zerka Maien represents a rotational fault, with displacement from 0 to 200 m 
that was developed by the anticline-syncline system (Turonian - end Oligocene) at the top of the catchment 
area. The component of the three fault systems are: NNW – SSE that is parallel to the Dead Sea (youngest 
fault system), NWW – SEE perpendicular to the Dead Sea and NW-SE faults parallel to the Red Sea (the 
oldest fault system) (Fig. 11). 

  

1) 200m topographic droop at the long 
of 34 Km of the river. 

2) 250m topographic droop (TP) at the long 49 
Km of the river. 

A) 

Fig. 9: A) Topographic profile for Zerka Main River. 
           B) Topographic profiles cross Zerka Ma’in River. 

B) 
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Fig 10: Location of the Trans-tensional fault zone in the study area. 

Trans-tensional fault zone 
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Fig 11: Location of the Trans-tensional fault zone in the study area. 
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