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1 Abstract 
 
The Dead Sea is the terminal lake of a drainage area almost equivalent to the size of Switzerland. 
This enclosed basin appears to be very suitable for the study of the impacts of human activity as 
well as global changes on the dynamic of natural equilibrium. The present-day landscape of the 
Dead Sea is the result of complex interactions. Its interpretation enables us to shed light on the 
geological processes at work for millennia and the human-induced ones prevailing for the last four 
decades. Since the 1960s, irrigated agricultural and industrial activities were in continuous 
development almost everywhere within the drainage basin. Accordingly, a new hydrological 
disequilibrium has been developing and sinkholes, landslides and subsidence hazards have been 
added to the recurring threats of earthquakes and related phenomena such as soil liquefaction. Over 
the last few years, tourist resorts have been spreading along parts of the Dead Sea shore.  
 
In this paper, the geological hazards encountered along the 80 kilometres of the Jordanian Dead 
Sea coast are located, described and explained whenever possible.  
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2 Introduction 
 
The Dead Sea area is the lowest place on Earth. Its coastal zone is prone to a number of geological 
hazards, both natural and human-induced. On the one hand, there are earthquakes, and soil 
liquefaction, on the other hand, the increasing number of coastal incidents related to ground 
subsidence, landslides and sinkholes, recorded by scientists during the last 40 years is interpreted as 
the consequences of the rapid lowering of the Dead Sea, which began in the 1960s. Since 2000, the 
lowering rate has been greater than 100 cm.yr-1 (YIECHIELI et al., 2003). The water level has 
dropped from around 392m below sea level (bsl) in the 1950s to 418m bsl in 2004. The lowering is 
accelerating because more and more dams and pumping stations have been built in the whole basin. 
It is generally admitted that if a large water supply is not added in the near future, the Dead Sea 
will be reduced to a very salty small pool by 2050. Although geological hazards affect the Dead 
Sea shore as a whole, in the present paper the focus is on the eastern or Jordanian side of this hyper 
saline terminal lake (Figure 1).  

 
 
2.1 Description of the Area of Interest 
 
The 80 km-long Jordanian coastal zone can be divided into four segments (Figure 1), these are:  
 

• The muddy-gravely alluvial plain of the Jordan River and Wadi Udheimi southeast toward 
the delta of the Wadi Mukheiras (Figure 1: 1, 2 and 4). The length of the shoreline is about 
4.5 km. This area has been devoted to tourism development. 

 

• The wide mountainous segment (about 53km) of the Eastern margin of the Dead Sea pull-
apart (Figure 2: A), extending from the delta of the Wadi Mukheiras to the delta of the 
Wadi Mutayl (Figure 1: 4 to 8). Here beaches are absent or narrow and the only relatively 
wide flat surfaces are found over the alluvial fans, which recently emerged due to the drop 
in level of the Dead Sea 

 

• Ghor al Haditha is a 3km wide depositional piedmont (Figure 1: 11). It corresponds to 
coalescing alluvial fans: Wadi Mutayl, Wadi Ibn Hammad and Wadi Kerak (Figure 1: 8, 9 
and 10). Due to the abundance of fresh ground water the good soil and the hot-humid 
climate, irrigated agriculture has spread between Ghor al-Haditha and the circular 
depression of Birkat el Haj (Figure 1: from 11 toward 12). Accompanying the retreating 
shoreline of the Dead Sea, a wide mudflat has slowly developed along the extension of the 
fans. These new exposed lands are uncultivated, essentially because of their salt content, 
mud holes and “quick sand” (more precisely “quick silt” in this case) 

 

• The present day shoreline of the Lisan Peninsula (Figure 1: 13) is about 22km-long. It 
corresponds to the external limit of a recent emerged platform made of sub horizontal 
layers of marls and gypsum (Figure 1: from 10 toward 17). From the 1990s, the Arab 
Potash Company has used these new lands to build two huge salt evaporation ponds at a 
cost of 38 and 32 millions U.S. dollars (Figure 1: 14 and 15) respectively 

 



 Abou Karaki, N. et al.  14-3 

 
 

 

 
 

Figure 1: Numbers 1 and 17 are the limits of the study area. 1) delta of the Jordan River; 2) delta 
of the Wadi Udheimi; 3) the hamlet of Suwayma; 4) delta of the Wadi Mukheiras; 5) delta 
of the Wadi Zerqa Mai’n; 6) delta of the Wadi Mujib; 7) delta of the Wadi Shuqeiq; 8) 
delta of the Wadi Mutayl; 9) delta of the Wadi Ibn Hammad; 10) delta of the Wadi Kerak; 
11) Ghor al Haditha; 12) Birkat el Haj; 13) the Lisan Peninsula; 14) Saltpan19 of the Arab 
Potash Company (outlined); 15) Saltpan 18 of the Arab Potash Company; 16) the dried-up 
Lynch Strait; 17) delta of the Wadi Araba. (©) SPOT image (November 2002). Projection 
UTM (36), WGS84, kilometres. 

 
 

2.2 Objectives 
 
In this paper, the geological hazards at work are examined. We located, studied and provided the 
explanation for areas of sinkholes, subsidence and landslides that appeared along the Jordanian 
coast of the Dead Sea during the last 15 years. All of which are mostly the results of human impact 
on the Dead Sea hydrogeological setting. 
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Moreover, we also located the major historical earthquakes of the last two millennia (equivalent 
Richter magnitude M ≥ 7) related to the activity of the Jordan-Dead Sea Transform (JDST) fault 
zone. 
 
In the discussion part, we explain why geological hazards could have a serious impact on the 
economic development along the Dead Sea shore, and especially the expansion of tourist resorts. 
Indeed, in spite of the natural and anthropic constraints: 
 

• the very strong slopes bounding the shore (SALAMEH , 1997) 

• the development of agriculture in Ghor al Haditha 

• the industry of potash extraction in the south 

• the military zones spreading in the Jordan valley and the army facilities built over some 
alluvial fans 

 
the Dead Sea coast is becoming a focal area for national and international investments in tourism. 

 
 

3 Environmental Background 
 
3.1 Geology 
 
3.1.1 Tectonic Setting 
 
The Dead Sea is the terminal lake of a 43000km2 drainage basin (Figure 2: B, USGS, 1998). It 
occupies a small segment (about 80km by 15km, Figure 2: A) of the JDST area. This major 
tectonic zone defines a 1100km long continental plate boundary of the transform type connecting 
the active centres of the Red Sea floor spreading together with the continental convergence zone 
between the Arabian and the Eurasian plates (i.e. MCKENZIE et al., 1970; GARFUNKEL et al., 1981). 
The transform system is accommodating the relative motion between Arabia and Africa and is a 
major source of seismic hazards in the Eastern Mediterranean and North-western Arabia (ABOU 

KARAKI , 1987). The JDST extends from the entrance of the Gulf of Aqaba in the south and it 
continues northwards in the gulf by a network of three pull-apart basins (BEN-AVRAHAM , 1985) 
and then by an almost linear fault in the Wadi Araba (KLINGER et al., 2000 a, b) until a coalescence 
of fault zones, east of the Lisan Peninsula (ABOU KARAKI , 1987) (Figure 2: A). From there, the 
JDST delimits the largest pull-apart basin resulting from the overlap between the Wadi Araba and 
the Jordan Valley faults, along the plate boundary in which the Dead Sea is located (Figure 2: A). 
Northward, the transform continues towards Turkey by crossing through Lebanon and Syria. The 
JDST is mainly functioning as a left lateral shear with 107km of displacement along the transform 
that is believed to have taken place mainly during the last 15M years (QUENNELL, 1958, 
COURTILLOT et al., 1987).  
 
Geophysical studies have shown that the Lisan Peninsula caps the biggest salt diapir in the Dead 
Sea basin (e.g. AL-ZOUBI and TEN BRINK, 2001). The uplift rate is evaluated at 1 to 2 mm.yr-1 
(BARTOV, 1999; SHIMONI  et al., 2002). The upward movement of the salt body has strongly 
influenced the morphology of the southern part of the peninsula (SUNNA, 1986). Two distinct fault 
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and fracture networks spread from this uplifted area. Elliptic segments compose the first one while 
the second forms a radial system underlined by kilometric linear dried-up canyons. Those networks 
and the ones of the Dead Sea pull-apart basin resulting from the left lateral shear had 
interpenetrated each other (CLOSSON, 2005). Consequently, the fault that bounded Lisan peninsula 
is characterized by numerous intersection points of faults all along its margins.  
 
 

 
Figure 2: A. The faults network of the Dead Sea pull-apart basin. Adapted from BEN AVRAHAM  

(1997). B. The Dead Sea drainage basin (43000km2). Adapted from USGS (1998). 
 
 
3.1.2 Lithological Setting 
 
The sediments deposited in the Jordan - Dead Sea - Araba Rift are mainly coarse continental 
conglomerates; some marine sediments, and sediments of a series of Pleistocene saline lakes that 
preceded the formation of the Dead Sea (mainly chalk, clay and gypsum) during the Neogene-
Quaternary. The earliest of these water bodies was the marine “Sedom lagoon” (STEIN, 2001). 
After the disconnection of the “Sedom lagoon” from the open sea, several saline lakes were 
developed in the Dead Sea basin - Jordan Valley. “Lake Amora” or “Samra” that existed from early 
to late Pleistocene, “Lake Lisan” (~70000 – 15000 Before Present (B.P.)) that is the late 
Pleistocene precursor of the Dead Sea, and the Holocene Dead Sea (STEIN, 2001). The lacustrine 
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saline water bodies behave as “amplifier lakes” whose size and depth reflect the changing climatic 
conditions in the region. Lake Lisan history reflects fluctuations between wetter and drier periods. 
Its level changed between ~330 and ~150 m bsl. These fluctuations appear to be modulated by the 
cold and warm cycles, respectively in the northern Hemisphere. Its maximum elevation was 
reached at ~27000 – 23000 B.P. (STEIN, 2001). High lake stand conditions (wet periods) were 
accompanied by development of a layered configuration and precipitation of aragonite from the 
upper layer. This layer also acted as sulfate accumulator during the lake's high stands. The sulfate 
was removed, resulting in formation of gypsum beds, upon climatic - induced mixing between the 
upper and lower layers or even complete overturn of the lake during dry periods (STEIN, 2001). Its 
minimum elevation was reached at ~47000 – 43000 B.P. During low lake stands, thick clastic 
layers were accumulated in the shallow shoulders of the lake basin. Lake Lisan began to recede at 
~17000 – 15000 B.P. and at 12000 – 11000 B.P. the post-Lisan water body declined to its 
minimum level. During most of the Holocene the lake (paleo-Dead Sea) stabilized at ~400 m bsl. 

 
 

3.2 The 20th Century Evolution of the Dead Sea Water Level  
 
During the last four centuries, the water level of the Dead Sea has varied between -385 and -405m 
bsl (USGS, 1998). From the 1960s however, the bulk of the Jordan River, the most important 
tributary (Figure 2: B), has been diverted for irrigated agricultural and domestic purposes. 
Moreover, dams and pumping stations within the Dead Sea catchment area have continuously 
decreased the contribution of the other tributaries feeding into the Dead Sea. SALAMEH  and EL-
NASER (1999, 2000) have shown that the water quantity flowing into the northern Dead Sea basin 
does not exceed 375 Mm3yr-1 while the evaporation rate is about 1250 Mm3yr-1. This leaves a water 
deficit of 875 Mm3yr-1. Hence, the evaporation rate and the swerve of 90 % of the Jordan River is 
leading to a decrease in the level of the lake. In consequence, its surface has been shrinking by 
more than 30 % if compared with the surface of the 1960s. In the end of the 1970s, the lake split 
into a southern basin (covered by saltpans) and a northern one (Figure 2: B).  
 
 

3.3 The Migration of the Fresh Salt Water Interface and its Aftermaths 
 
However, by far, the most important consequence is not directly visible. This is the seaward 
movement of the fresh-saline interface and the shifting of underground fresh water from areas all 
around the Dead Sea to compensate for the lowering (SALAMEH  and EL-NASER, 1999, 2000). The 
high-density Dead Sea water (1,235 gcm-³) forms a special interface configuration with the fresh 
groundwater resources of its surrounding aquifers. The fresh groundwater column beneath its 
surroundings is around one tenth of its length compared to oceanic water. This fact alone indicates 
the vulnerability of the fresh groundwater resources to the impacts of changes in the Dead Sea level 
and to saltwater migration. SALAMEH  and EL-NASER (1999, 2000) used Ghyben-Herzberg and 
Glover equations to calculate the volumes of water in coastal aquifers which were replaced by 
freshwater due to the interface seaward migration as a result of the drop in the level of the Dead 
Sea. The calculated amounts of freshwater which substituted salt Dead Sea water due to the 
migration of interface are 3,21*1011 m³, from a Dead Sea level of -392 m to 411 m bsl. Geoelectric 
sounding measurements showed that areas underlying the coastal aquifers formerly occupied by the 
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Dead Sea water are gradually becoming flushed and occupied by freshwater. The latter is becoming 
salinized due to the residuals of Dead Sea water in the aquifer matrix, the present salinity of which 
is lower than that of the Dead Sea water. Hence, the conceptual models for sinkhole development 
can be primarily related to the rapid drop in the Dead Sea level over the last decade. A first (salt) 
model is based on the assumption that salt is dissolved by flowing water, artesian water and springs 
in the salt beds intercalated with the alluvial fans sand-gravels and mud flats (ABELSON et al., 
2003). A second (flushing) model is based on the assumption that turbulent underground water 
flows associated with a massive mass transport of insoluble fractions (clay and silt) have produced 
subsurface hollows. These expand upwards and finally appear on the surface as sinkholes (ARKIN 
and GILAT , 2000). The salt cavern causes the collapse of the overlaing strata and finally appears on 
the surface as a sinkhole. 
 
Recently, it had been shown that the sinkhole sites propagation could be partially or totally 
controlled by active faults buried within the Dead Sea fill sinkhole (YECHIELI et al., 2003; 
CLOSSON, 2005) or intersections between faults and fractures (CLOSSON, 2005). From a 
hydrogeological point of view, faults and cracks networks function commonly as conduits for the 
ground water. Water circulates in the subsurface from areas of high precipitation and hence 
recharges toward regions where precipitation is poorer. Such a relation exists between the 
surrounding plateaus with 350-400 mm of precipitation per year and the Dead Sea valley where 
precipitation is less than 100 mmyr-1 (USGS, 1998). At intersections of faults water movement is 
more active and turbulent flows are most likely to occur. If salt layers are present, then the 
necessary conditions are met to create sinkholes and subsidence. 

 
 
4 Natural Hazards along the Dead Sea coast 
 
4.1 Sinkholes 
 
 

 
 

Figure 3: sinkholes area before the Dead Sea lowering from 1960’s. 
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Figure 4: sinkholes’ locations from the lowering until April 2004. SEP means Salt Evaporation 
Pond. 

 
 

4.2.1 The Lisan Shore 
 
For centuries sinkholes and uvalas affected the Lisan Peninsula (Figure 3). They are evidence that 
dissolution phenomena have affected the salty Lisan formation long time before the Dead Sea 
recession and that rocks are particularly vulnerable to dissolution phenomena. At least during the 
1990s, collapses continue to appear regularly, but essentially in the southern part (BAER et al., 
2002). Their location seems to be controlled by the elliptic faults’ pattern related to the Lisan diapir 
uplift (Figure 4; CLOSSON, 2005). Recent sinkholes affect the Lisan’s faulted margin on the eastern 
side. On the west side, field observations, technical reports and discussions with safety engineers of 
the Arab Potash Company have shown that such features are known from at least 1992 (KNIGHT, 
1993; TAPPONNIER, 1993). Lineaments of mud holes at the bottom of the drying-up Lynch Strait 
have suggested a possible relation with buried faults (TAPPONNIER, 1993; CLOSSON, 2005). 
Springs of brackish and sulphur water exist in several places along the western Lisan shore and as 
submarine discharges. Hence, streams coming from the Peninsula and flowing under the bottom of 
the recent emerged platform can be considered as one of the key elements in the appearance of 
sinkholes and dissolution phenomena affecting the saltpans (Figure 4, see SEP18 and 19). 
Moreover, the geographic locations of the sinkholes correlates well with the intersection points 
between the radial fault system emanating from the southern dome of the Lisan diapir and the main 
fault networks of the Dead Sea pull-apart defined by BEN AVRAHAM  (1997) and BARTOV et al. 
(2002). 
 
During a field survey to the destroyed dyke of saltpan 19 area (CLOSSON et al., 2003a, b), in April 
2004, two metric sinkholes were discovered in the exact place where the dyke was built before its 
destruction in 2000. They most probably result from the dissolution of shallow salt layers and 
indicate that underground fresh or brackish water circulates under the bottom of this saltpan. 
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4.2.2 Ghor al Haditha 
 
Ghor al Haditha has been affected by sinkholes for more than 15 years.  The monitoring of this area 
dates back to the beginning of the 1990s (e.g. BARJOUS and SWEIDAN, 2004). Year after year, it 
appeared that gravel holes were roughly aligned inside a ribbon-like shape passage, 200 m wide, 
along the alluvial fan’s tip (TAQIEDDIN, 2000). This feature was interpreted as a consequence of a 
possible buried fault used as a main conduit by ground streams. During our field survey in April 
2004, several tens of holes affecting the recent emerged mudflat were carefully located using a 
portable Global Positioning System device. Then, their location was compared with the set of 
sinkholes located during the last ten years (CLOSSON, 2005). All new features were precisely 
positioned in the extension of the hazardous lineament. Our inventory allowed extending the fault 
track from 2 km to 4.5 km. At the geometric intersection between the sinkholes lineament and the 
West Dhira fault zone (Figure 2), springs occur as well as an unmapped fault which affects the rift 
margin at this place. At the other end of the lineament, a fault zone was inferred from geophysical 
surveys carried out at the beginning of the sixties by Philips Petroleum Ltd. (Figure 2, Ghor Safi 
Fault). 
 

 
Figure 5: A sinkhole affecting the wadi Mukheiras alluvial fan (A, B). The site is located about 

100m north of Mariott hotel. C, sinkhole affecting the shore near Suwayma (Rest House 
parcel). 

 
From the comparison between boreholes of three hazardous areas (TAQIEDDIN et al., 2000; 
YECHIELI et al., 2003), one can deduce that a single metric salt layer could be at the origin of 
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sinkholes and subsidence in Ghor al Haditha, the Lynch Strait and the Ze’elim plain (Western Dead 
Sea Coast). The contemporary appearance of collapses in places separated by several kilometres, at 
the beginning of the nineties, argues for a common origin of the phenomena. From one C14 analysis 
(Yechieli et al., 2003), it seems that this salt layer was deposited contemporaneous to the drying up 
of the former Lake Lisan (NEEV and EMERY, 1967). 
 
 

4.2.3. Suwayma and Wadi Mukheiras  
 
One of the main findings during the field survey in April 2004 was the sinkholes area (quickly 
filled in) affecting the alluvial fan of the Wadi Mukheiras (Figures 1 and 5) and the tourism resort 
of Suwayma. 
 
 

4.3 Subsidence 
 

 
 

Figure 6: Subsidence areas mapped from Differential radar interferometry (BAER et al., 2002; 
Closson et al., 2003 a, b; Closson, 2005) and field observations. Our knowledge of uplift 
and subsidence essentially derives from radar interferometry. The efficiency of this 
technique is limited by the lost of radar coherence. For this reason, topsoil deformations for 
the northern and the eastern shore were not detected. In these places, topsoil modifications 
and/or the vegetation prevent the preservation of coherence from one acquisition to the 
next one (at least 35 days). 

 
 
From a synthetic aperture radar differential interferometry technique applied to the European 
Remote Sensing satellite images, several authors have shown that at least since 1992, the recent 
emerged platform surrounding the Lisan Peninsula is affected by several kilometric subsidence 
features most probably fault-bounded (CLOSSON et al., 2003 a, b; CLOSSON et al., 2005; CLOSSON, 
2005; DERAUW, 1999). These observations support the idea of the high instability of the emerging 
lands over the last 40 years. The two most active deformation fields were observed along the 
northern part of the Lisan Peninsula. 
 



 Abou Karaki, N. et al.  14-11 

 
 

 

BEAR et al. (2002) have shown that the rate of subsidence could be related to the compaction of 
marl due to the Dead Sea lowering. However, they do not discuss about the shape and the 
geographic distribution of areas in subsidence. SHIMONI  et al. (2002) and CLOSSON et al. (2003b) 
suggested that diapirism could be the triggering factor of such a subsidence too. Moreover, 
CLOSSON et al. (2005) have suggested a possible relation between subsidence and the geological 
structural setting. 
 
It is worth noting that CLOSSON et al. (2003 a) have shown that the widest subsidence area could be 
related to the most important incident encountered along the Dead Sea since the 1960s, i.e. the 
collapse of the dyke of the saltpan 19 in March 22nd, 2000. Four years after, field observations have 
confirmed the very high instability of this area. Indeed, the remaining dyke of this saltpan has been 
strongly affected by continuing subsidence as supported by decimetric cracks perpendicularly 
cross-cutting the whole dyke, metric road collapses that could be related to sinkholes and 
decametric landslides affecting numerous segments of the salt pan. Almost all features are placed, 
precisely, in the most vulnerable parts that have been previously mapped. Moreover, according to 
safety engineers of the Arab Potash Company, these fractures appeared months to years after the 
rapid emptying of the pond. Consequently, they are not related to the decompression or the likely 
isostatic movement directly posterior to the incident.  
 
In Ghor al Haditha, during the 1990s, two hectometric adjacent areas started to subside. In 2002, a 
third one has appeared more than 500m NNE ward. E. Salameh has measured the difference 
between fresh water conductivity at the apex and the tip of the most affected place. He has deduced 
that, in a few kilometres, the concentration of salt increased at an average of 40 g/l. This high 
concentration confirms the existence of soluble deposits in the underground. Given an average 
discharge at the apex of 120 l/s, wide bowl shaped subsidence features can thus be easily explained. 
From radar interferometry, BAER et al. (2002) have mapped one deformation field affecting the 
mudflat located in front of the tip of Wadi Kerak alluvial fan. 

 
 
4.4 Landslide 
 

 
 

Figure 7: Location of the areas affected by landslides. 
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4.4.1 Ghor al Haditha 
 
Two landslides are affecting a surface of about 200m by 70m (Figure 7). The hazardous areas have 
stood over the tip of the Wadi Mutayl for around three years. When visiting the site in April 2004, 
the main wide channel of the Wadi was completely dry. The landslide area was clearly in constant 
evolution, i.e. growing bigger. It appears that the landslide is threatening the Dead Sea cosmetic 
factory, around 200 m from the limit observed in April. Indeed, the landslide zone is a complicated 
structure because several factors must be taken into consideration in order to understand its 
dynamics: 
 

• The area is located inside the hazardous ribbon-shape of sinkholes. A buried fault is most 
probably present below this place 

• The landslides affect half of one of the three bowl-shaped subsidence features. This part of 
the depression is over the tip of the Wadi Mutayl alluvial fan. The other part is over the 
recent emerged mudflat. The landslides thus affect the gravely fan area only 

• Many sinkholes have perforated the bottom of the whole depression 

• Exits of underground streams are located inside the bowl-shaped feature. There, 
retrogressive erosion occurs producing landslides all around the springs’ heads 

• There are two adjacent landslides: one corresponds to a former exit line now abandoned; 
the second corresponds to the present day springs line. From the direction of displacement, 
it seems possible to infer that the exit of underground streams could move towards the west 
(the factory site area) and generate damage 

• The force of the small river was such that it cut across the mudflat slope in front of the 
spring line and found its way directly towards the Dead Sea 

 
Here again careful monitoring and a local investigation should take place in order to assess possible 
damage to the cosmetic factory in the near future. 
 
 
4.4.2 Suwayma’s coastal area 
 
The Suwayma’s coastal area is located in the northern part of the Dead Sea (Figure 7). On Monday 
September 6th, 1999, a landslide affected several hundred meters of the shore (Figure 8). The “Rest-
house” parcel (less than 100m wide) and the adjacent beach “sunshade” areas were reduced. After 
this incident, first official investigations concluded that the triggering factor was most probably the 
injection of water into the subsurface from the “Rest-house” sewage system. However, during our 
investigation of the site in April 2004, we observed numerous evidences of past and present 
landslides along 800 m-coast line, on both sides of the “Rest-house” parcel. We also observed one 
sinkhole (Figure 5, C), proving that the area is always hazardous. 
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Figure 8: Landslides affecting the shore of Suwayma in 1999. 
 
 
We think that the dynamic generating processes of the active coastal morphology are directly 
related to the retrogressive erosion of brackish water springs. From boreholes two hundreds meters 
landward, discussions with land users and the development of the natural vegetation, it is obvious 
that ground water exists in the whole area very close to the surface, even in dry periods. We 
interpret the 1999’s and present-day landslides as a consequence of the dramatic lowering of the 
Dead Sea. From topographic maps and older satellite images, we assume that the shoreline 
stability, before the Dead Sea level lowering, was probably due to the equilibrium between the 
pressure of the Dead Sea water body and the one of the fan deposits saturated with brackish water. 
The very rapid lowering of the base level destabilized the seaward margin of this area composed of 
mud and gravel, as attested by abandoned metric cliffs, around one hundred meters landward. In 
the sea, plumes of sediments and observations by swimmers indicated the presence of springs 
underwater. Consequently, we predict that the present day scar will become an abandoned cliff in 
five to ten years and the submarine springs will result in landslides when they emerge in around 
five to ten years. 
 
 

4.5 Major historical Earthquakes along the Jordan-Dead Sea Transform Fault Zone  
 
The central part of the JDST is an active fault zone that runs along the Jordan western border. 
There, a moderately large earthquake in the Dead Sea area could have damaging effects on major 
population centres. For example, the earthquake of Palestine on 11th July 1927, M = 6.2, caused 
the death of hundreds of people and wide spread destruction both east and west of the Jordan River 
(WILLIS , 1928; VERED and STRIEM, 1977; ABOU KARAKI , 1987, 1999). The recurrence of 
earthquakes can be computed, based on seismic event samples from seismicity catalogues 



14-14  … Environmental hazards along the Dead Sea coast … 
 

 

(Instrumental and Historical) running back over past millennia, completed whenever possible by 
paleoseismicity and archeoseismicity data. These catalogues, combined with the mapping of active 
faults, provide the basis for understanding both the geographical distribution of earthquakes and 
their probable occurrence. The historical and instrumental seismicity data suggest that the Jordan - 
Dead Sea Transform has generated earthquakes of the class M ≥ 7, approximately once every few 
hundred years: Table 1 and Figure 9. 
 
It could be possible to present another list of events. For example, AL-TARAZI  (1992) gave a 
magnitude of 7.4 for the earthquake of 1546 AD. However, ABOU KARAKI  (1987) evaluated the 
magnitude of that earthquake at 6.5 only, moreover in a later revision, AMBRASEYS and KARCZ 
(1992) gave a magnitude of 6.0 to that same event. Table 1 presents the earthquakes of the class M 
≥ 7 as revised by Abou Karaki in the present state of the art for the Apame Project, Abou Karaki 
(2004). 

 
In the XX century, there are at least three well documented instrumental earthquakes 5 <M< 6 
which occurred in or very close to the Dead Sea proper in 1956, 1979, and 2004. 
 
 
Table 1: Revised seismicity (ABOU KARAKI , 1987 and references therein, 1995a, 1996, 2001, 

2004) of the Jordan - Dead Sea Transform south of Lat. 36°N for the last 2000 years. These 
earthquakes represent past events evaluated to have an Equivalent Ms magnitude ≥ 7.0. We 
added the instrumental earthquake of the Gulf of Aqaba, Mw= 7.3 (KLINGER, 1999).  

 

 DATE (AD) LONG LAT Main Affected locality, intensity class 

1 115 36 36 Antioch (3) 

2 525 36 36 Antioch (3), 

3 748 35.5 32.5 Pella (2) 

4 1063 36 35 Tripoli (2); 

5 18 March 1068 35.5 31 Ramla (2). 

6 20 May 1202 36.5 34 Baalbeck (3) 

7 25 Nov. 1759 36 34 Baalbeck (3) 

8 13 Aug. 1822 36.5 36 Aleppo (2) 

9 22 Nov. 1995 34.8 28.75 Nuweiba (2) (Gulf of Aqaba) 
 
Intensity classes 1 = Non destructive [III,VI]; 2= Destructive [VII-IX]; 3 = Very Destructive [X-XII]; 
"epicentral" errors  for the historical earthquakes of about ± 1° or more are possible.   
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Figure 9: Geographic location of the main historical events (Class of Ms ≥ 7) (see Table 1). 

Position errors may exceed +/- 1Deg. ABOU KARAKI  (1987, 1995b, 1996, 2001, 2004). 
The National Aeronautics and Space Administration, Jet Propulsion Laboratory, Pasadena, 
California, had computed the background image from a Shuttle Radar Topography Mission 
elevation dataset (http://photojournal.jpl.nasa.gov/catalog/PIA04965). 
 
 



14-16  … Environmental hazards along the Dead Sea coast … 
 

 

4.5.1 Earthquake induced Problems: the Liquefaction in Alluvial Fans 
 
During earthquakes, soils may turn to quicksand especially in the case of the existence of upward 
hydraulic gradient in the ground water body, which is very shallow in the case of the Dead Sea 
(SALAMEH  and EL-NASER, 2000). 
 
HARRIS and BEARDOW (1995) have observed that the soil deposits close to the present edge of the 
Dead Sea are intensely stratified. During the rainy season, floods deposit sheets of loose sandy 
sediments, while during the dry season, fine silts, clays and local evaporites (salt or gypsum) are 
deposited. This continuous process results in a regular stratified deposit consisting of liquefiable 
sand layers separated by relatively impermeable silt or salt layers. 
 
From experience, HAIGH and MADABHUSHI (2002) have shown that layered deposits of liquefiable 
sand and relatively impermeable silt, as found by HARRIS and BEARDOW (1995), are susceptible to 
liquefaction in the case of an earthquake with M ≥ 6.0. They have also established that the presence 
of impermeable layers slow the dissipation of excess pore-pressures. Hence, it may greatly increase 
the magnitude of lateral spreading that would result owing to the formation of extremely low shear 
strength water films at the boundaries between layers. They have experimentally shown that 
liquefaction induced lateral spreading of these deposits occurs after an earthquake. Therefore, 
displacements of hundreds of metres are possible even on fairly gentle slopes. 
 

 
 

Figure 10: Rock undulations (black arrowheads) interpreted as possible lacustrine seismites in the 
Lisan Formation, Lisan peninsula (picture of D. Closson, 2002). 
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Evidence acquired from field observations state that such hazards are present all along the DS 
coast. WILLIAMS  (2004) undertook paleoseismological studies of the fan deltas on the western 
shores of the Dead Sea. Observations and analysis have revealed a number of outcrops showing 
evidence of past earthquake induced liquefaction. Carbon-14 dating on organic remains found 
throughout the outcrops has been performed at some locations, allowing for preliminary 
assignment of observed liquefaction features in the outcrop to historically reported earthquakes. 
These results could be extended to similar outcrops on the eastern coastal areas, where features and 
earthquake deformed sediments “seismites” had been found and studied by EL-ISA and MUSTAFA 
(1986). These are visible all along the eastern areas where the lisan formation sediments are present 
(EL-ISA, 2005, personal communication; AL-HOMOUD et al., 1999; EL-ISA and MUSTAFA, 1986; 
ENZEL et al., 2000; KEN TOR et al., 2001). It is out of the scope of this paper to present indication 
of the spatial and temporal pattern of specific causing events. As an example, Figure 10 shows rock 
undulations in the Lisan formation of the Lisan Peninsula that could be the result of shaking during 
earthquakes. 

 
 
5 Discussion 
 
5.1 Potential Problems and direct Economic Impact in Jordan resulting from 

Hazards related to the Dead Sea Lowering 
 
Over the Lisan Peninsula, from 2000 to 2002, the Arab Potash Company had lost at least 70 
millions U.S. dollars. This represents the total cost of the destroyed saltpan 19 (due to sinkholes 
and/or subsidence) and the cost of saltpan 18 which became unusable after it’s nearly total 
emptying (2002) to prevent another incident after sinkholes threatened its stability. 
 
The inhabitants of Ghor al Haditha reported several incidents involving animals falling into 
sinkholes. A Jordanian newspaper (AD-DUSTOUR DAILY, 17 Feb.2000) mentioned one of them (the 
rescue of a child and a donkey). More serious incidents could occur in Ghor al Haditha. A 
particular case is in relation to the present day location of the Dead Sea Cosmetic Factory, where 
the facilities are standing along the former 1960s Dead Sea shore and at a few hundred meters 
distance from the hazardous lineament where sinkholes, subsidence, and landslide occurred. The 
factory is connected to the “Dead Sea road 65” by an access road, partly destroyed, perpendicularly 
crossed by cracks evolving dangerously. During field surveys in December 2003 and April 2004, 
heavily loaded trucks were observed travelling on the access road where several sinkholes appeared 
during the nineties. Moreover, during harvest time, many vans shuttle between the farms and the 
markets all around the area. 
 
 

5.2 Tourism Development at the Dead Sea and the Increase of Risk 
 
Since the Peace Treaty signed with Israel in October 26th, 1994, tourism has emerged as one of the 
most rapidly growing activities. It is expected to become a prime source of foreign currency 
earning the country over one billion U.S. dollars a year. Among others, the Dead Sea is considered 
as one of the key areas in the strategy of national tourism development. After the Peace Treaty, the 
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Jordan Valley Authority which controls the land at the Dead Sea and regulates tourism investments 
in the area adopted a “Tourism Master Plan of the Dead Sea” for developing the 60 kilometres’ 
eastern shoreline. It identifies three major zones of development: 
 

• Suwayma (or Suweimeh) in the North. 

• Zara in the centre 

• Al-Mazara in the South 
 

The General Director of the Jordan Valley Authority, stated (Ad-Dustour Daily, Januray 5th, 2005) 
that the volume of tourism investment in the eastern coastal area of the Dead Sea will reaches 450 
Million Jordan Dinars (630 Million US dollars), tourism infrastructures totaling 25000 beds will be 
constructed.  A National Park over 2000 donums (2M m²) will be constructed in Suwayma area. 
 
According to Water and Irrigation Minister Dr. Hazim El-Naser, 1.4 billion U.S. dollars will be 
invested around the Dead Sea by 2010 (JORDAN NEWSLETTER, 2003). At present, the main issue is 
to ensure availability of water supply. Several projects to convey water to this area are under 
construction. Jordan Valley Authority in cooperation with the Water Authority of Jordan has 
constructed a conveyor from the wells upstream of Kafrein Dam to convey about 2M m3.yr-1 to the 
area. However, this quantity will not be sufficient to cover the expected needs for the year 2010, 
and more water will be transferred from southern wadis through another project (SAIDAM  et al., 
2004). 
 
With regard to the rapid development of infrastructures along the shore, the association “Friends of 
the Earth Middle East” has called for several immediate measures to help preserve the Dead Sea 
Basin: 
 

• Limit tourism development to the Northern and Southern stretches, leaving the ecologically 
sensitive middle corridors on both the Eastern and Western shores preserved 

• At the same time, Eco-sensitive tourism development, taking advantage of the region's 
unique features should be encouraged as a counter to other forms of development 

 
The proposed building of hotels along the central shorelines of the Dead Sea poses a severe threat 
to the natural and cultural resources of this ecologically sensitive area. Additional construction of 
water parks, shopping malls, and urban facilities for the new influx of employees will all place 
further pressure on the land and water resources. Moreover, untreated sewage into the Dead Sea 
from these surrounding areas is projected to increase as well-possibly from 15M m3 to as much as 
35-50M m3. 
 
Geo-hazards related to the Dead Sea lowering are well known to both environmentalists and 
planners. However, it is quite surprising to note that they are neither mentioned nor even 
comprehended as a constraint (for example, ASMAR, 2002) on the development of tourism along 
the Dead Sea shore. 
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5.3 The Dead Sea – Red Sea Canal 
 
One possible explanation for the confidence of the planners in their choices could be their 
knowledge that work on the Red Sea – Dead Sea Canal will begin soon. One of the major ideas 
behind the canal's project is the compensation of the Dead Sea’s negative water balance. The lake 
level should rise to 400 m bsl (in 2004 it is 418 m bsl). However, in 2005, the project is far from 
being completed. Indeed, during the 1990s, the Trilateral Economic Committee of Jordan, Israel 
and the USA provided the concept of integrated development for the Jordan Rift Valley for the 
purpose of promoting peace and the economic development of both Israel and Jordan. The Harza 
JRV Group (HARZA JRV GROUP, 1996) completed a Pre-Feasibility Study in 1996 under the 
sponsorship of the World Bank and the Italian Government (Source: Ministry of Water and 
Irrigation). It authorized the Jordanian Tourism Master Plan of the Dead Sea to identify potential 
for development. However, before the building of the pipeline or the canal, the first step is to 
develop a full scale detailed Feasibility Study to build upon and refine the Pre-Feasibility work. 
The estimated cost is around 5 to 10 million U.S. dollars. Jordan and Israel have agreed to proceed 
with a full Feasibility Study. Alternative approaches to implementation have been studied. Donor 
Agencies have been contacted to provide financing. 
 
In 2004, the Minister of Water, Irrigation and Agriculture’ Dr. El-Naser told the International 
Water Demand Management Conference that the World Bank is expected to fund a 10 million U.S. 
dollar Feasibility Study after Jordan, the Palestinian Authority and Israel agree on “satisfactory” 
terms of reference for the mega-plan (JORDAN TIMES, Wednesday, June 2, 2004). 
 
The global costs will be dependent on the final configurations but orders of magnitude can be 
roughly be estimated as: Red Sea - Dead Sea Canal ~0.8 Billion U.S. dollar (3-5 years before 
completion), Desalination Project and Conveyance to Demand Centres ≈ 3.0 Billion U.S. dollar (10 
years before completion) (Source: Ministry of Water and Irrigation). In consequence, the work of 
the Red Sea - Dead Sea Canal is not yet ready to start and the Dead Sea will continue to decrease 
by more than one metre per year minimum during the next decade. Hence, in regard to the geo-
hazards induced by the Dead Sea lowering, the building of tourist resorts and the creation of the 
Red Sea - Dead Sea Canal and the stabilisation of the Dead Sea level to –400 m must ideally 
proceed side by side. 
 
 

6 Conclusions 
 
Until 2004, the hazardous areas related to sinkholes and subsidence have only affected the southern 
part i.e. Ghor al Haditha and the Lisan Peninsula. In April 2004, we have recorded two sinkholes 
site affecting the northern part. The inventory of hazard events indicates that the number of 
collapses had been increasing during the past few years. 
 
Landslides pose a threat to industrial infrastructures and tourism resorts. They are relatively young 
phenomena related to the presence of springs. We believe that their relative consequences could be 
more and more important due to the building of new tourism resorts in the most exposed zones. 
 



14-20  … Environmental hazards along the Dead Sea coast … 
 

 

Earthquakes and soil liquefaction are likely to affect the Dead Sea shore. We have shown that both 
the historical and instrumental records indicate that the Dead Sea pull-apart structure is one of the 
highly active segments of the JDST. The liquefaction of the soil is directly related to the local 
sequence of deposits. Most tourism resorts are located over young, loose, non-coherent fluvial 
deposits of alluvial fans, which are characterized by maximum inter-fingering between the Dead 
Sea mudstone/salt and the medium- to fine-grained loose sediments. Soil liquefaction could be one 
of the main destructive factors along the coast in the case of an earthquake of M ≥ 6.0 (HAIGH and 
MADABHUSHI, 2002). 
 
Our investigations have revealed that alluvial fans recently emerged could be more and more 
exposed to hazard features in the next few years. Because they are complex dynamic systems, in 
constant evolution, they are unstable by nature. It is evidenced by the following elements: 
 

• The areas with the alluvial fan sediments were all immersed into the lake only forty years 
ago. They are now exposed directly to the fresh water. Salt deposits will be progressively 
dissolved and their disappearance will initiate local subsidence. 

• Unconsolidated material such as boulder, gravel and mudstone needs decades to settle until 
achieving a relatively stable equilibrium. However, the exposition of such layers to the 
underground stream flows entails necessarily readjustments. In the worst cases, it can turn 
into landslides along the unstable margin of the fans. 

• Fluvial deposits are found under sea water. Hence, the present day slopes profile doesn’t fit 
with the slope equilibrium prevailing in emerged conditions. Consequently, readjustments 
will certainly appear with time along the fan margins. 

• The lowering of the base level (around 100cm.yr-1) is greater than the ability of the rivers 
(and obviously the water tables) to readjust their equilibrium profiles. Hence, fresh water 
can be found very close to the top of the fans and dissolution can take place almost 
everywhere inside the body of the recent emerged sediments. 

• The lowering of the base level acts as a strong destabilizing factor by increasing the ground 
water velocity. This generates turbulence, particularly near the tip, where the ground water 
can progressively erode and transport sediments outside the fan creating voids that turn into 
sinkholes (Figure 5). 

• The construction of deeply anchored massive buildings modifies the underground water 
circulation and locally generates turbulences capable eroding finer material. To export the 
transported material outside the fans and create cavities that will turn into sinkholes, 
relatively wide conduits must exist. Given that all fans are located over the West Dhira and 
East intrabasinal fault zone (Figure 2: A), and due to the seismic activity of the area (the 
last widely felt earthquake in the area occurred on February 11th 2004, ML=5.2), it is 
inferred that numerous conduits should cross all fans. 

 
The details on the hazards affecting the Dead Sea shores should be considered as a very serious 
warning to planners of any project dealing with the Dead Sea shores in all the riparian states within 
the frame of the development of tourism. Indeed, no construction should be built without proper 
integrated, environmental, geological, geophysical, remote sensing and geotechnical studies. This 
implies careful monitoring after completion and, ideally, an accurate modelling of soil deformation 
related to any future decrease of the Dead Sea level or to any hypothetical future rise if the Red Sea 



 Abou Karaki, N. et al.  14-21 

 
 

 

– Dead Sea canal is to be completed. 
 
From one year to another, the fate of the Dead Sea–Red Sea canal is evaluated positively or 
negatively. However, even if accepted in 2004, such a project should take several years to build, 
and by that time the level of the Dead Sea will have dropped by an additional number of meters 
which is problematic for the shoreline, the coastal area and the groundwater resources. E. Salameh 
has stated that if rainfall should increase, e.g. of five to six percent, it will not help the lake to rise. 
Hence, the fate of the Dead Sea is clear: it will dry out and shrink to a very small pool, consisting 
of very salty brine. There is no hope unless man brings water into it from the Red Sea. The Red 
Sea–Dead Sea project is thus vital and essential because it will also conserve the groundwater 
resources of the riparian countries (SALAMEH  and EL-NASER, 1999, 2000). 
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