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ABSTRACT 

The paper describes the engineering response to sinkholes encountered along the coast of the Dead Sea in Israel. 
The existence of large salt masses, and ground-water capable of dissolving the salt, together with the tectonic framework and the
draw-down of the Dead Sea level, created the sinkholes. 
Solving the problem started with a geological survey of the apparent locations of the sinkholes, followed by geo-radar surveys. In 
addition, Dynamic Compaction was used to densify the ground as well as to verify the geological and geophysical findings. 
Especially strong geomembranes were used in the entire area to bridge over potential new developments of sinkholes. 
As part of the solution, monitoring should be applied to identify any new, significant depression in order to take preventative 
measures such as grouting. 
The above procedure was used successfully in the construction of the main highway and hotel facilities along the Dead Sea. 

RÉSUMÉ
Cette communication décrit le traitement par l'ingéniérie civile des dolines d'affaissement ("sinkholes") courantes près de la côte de la
Mer Morte en Israël. L'existence de grandes masses de sel et d'eaux souterraines susceptibles de dissoudre ce sel, compte tenu du 
cadre tectonique et de l'abaissement du niveau de la Mer Morte, cause les affaissements. 
Le traitement du problème a commencé par une enquête géologique des lieux où apparaissent les dolines, suivie par des recherches au
géo-radar. De plus, on a utilisé le compactage dynamique pour confirmer les résultats géologiques et géophysiques et pour densifier
les sols.  
Des géomembranes particulièrement fortes ont été utilisées dans toute la région pour ponter les éventuelles ouvertures de nouveaux
affaissements. La solution comprend une surveillance continue pour identifier tout nouvel abaissement significatif et permettre de
prendre des mesures préventives (injections).  
Cette procédure a été utilisée avec succès pour la construction d'une route principale et d'installations hotelières le long de la Mer
Morte. 
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1 INTRODUCTION 

The sinkholes encountered along the coast of the Dead Sea in 
Israel are not the classical Carstic cavities created through a 

long-term process of water dissolving carbonate rocks, but are 
due to soil erosion associated with the dissolving of large 
underground salt masses. 

Most of the dissolving of the underground salt masses 
started some 15-20 years ago as a result of the severe draw-
down of the Dead Sea which reached a rate of about one meter 
per year. 

This phenomenon created severe engineering and safety 
problems in the inhabited strip along the central and south-
western coasts of the Sea. The sinkholes are rather pear-shaped 
caves typically reaching 10 m in diameter and 15 m deep.  
Problems start with smaller caves whereas larger caves create 
open craters (see Photo 1).  These sinkholes can appear 
suddenly without prior warning and pose a life-threatening risk 
to anyone or anything (see Photos 2, 3 and 4). 

2 THE FORMATION OF SINKHOLES 

The draw-down of the Dead Sea's water level increased the 
gradient of water flow coming down from the mountain-side on 
the west and also deepened the flow net, thus dissolving salt 
masses in the depths.  In addition, there is some indication that 
the sinkholes are located along tectonic cracks where the flow Photo 1:  A typical sinkhole which developed in the layered 
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of the water is believed to be easier, with greater dissolving 
potential. 

The geological formation within which all recorded sink- holes 
have been developed is known as the "Lissan Formation" 
ranging in age between 10-60x103 years. The Lissan Formation 
main body of sediments includes, essentially, deposits of fines 
(silt, clay or even fine sand constituents).  

Salt inclusions up to 20 m thick and some hundreds of 
meters wide, constitute horizons within the fine-grained 
deposits of the Lissan Formation.  

The existence of salt bodies (lenses, beds) is a result of the 
deposition of salt from the highly-concentrated salty water of 
the Sea, however, the closer the fine-grained Lissan deposits 
approach the Dolostone cliff surrounding the Dead Sea, the 
more mixed environment of  deposits including coarser 
fragments is formed.  In such cases, it is common to find sandy-
gravelly lenses penetrating into the otherwise silty clayey main 
body of Lissan sediments.  

Alluvial fans emerge out of  canyons cut into the Dolostone 
cliff. These alluvial fans - composed mainly of gravel, coarse 
sand and boulders – either scour into the fine-grained  
Lissan Formation or form a cover above it. 

The scours might reach down to about 100 m in depth, 
sweeping fines and salt beds of the friable sediment into the 
Sea.  This process is a result of the developing gradient of 
flowing water related to the continuous tectonic movements 
lowering the Dead Sea basin vis-a-vis its perimeter. 

The effect of scouring, assisted by the steeper gradients of 
flow,  sweep the fine deposits of the Lissan Formation including 
the interbedded salt deposits  towards the main body of the 
Dead Sea and practically eliminate the chances of the creation 
of sinkhole within the boundaries of the Alluvial Fan.   

Interfingering of lenses of coarse constituents and fine 
bedded deposits take place along segments of the shores of the 
Dead Sea.   

Several assumptions have been made as to the origin and 
process allowing the development of single or swarms of 
sinkholes.  

Observations carried out by the Geological Survey of Israel 
(GSI) and by private consultants led to a generally accepted 
model, requiring four factors for the development of the sink- 
holes:  

a. The existence of salt deposits below the surface. 

b. The existence of water (mainly Brines) that has both a low 
concentration of salt content, allowing a further dissolution 
of salt, as well as pressures (sometimes even artesian with 
respect to the surface topography), allow it to reach the salt 
deposits. 

c. Geological conduits enabling the contact between briny 
water and salt bodies.  Joints of structural-tectonical origin 
form the major conduits enabling these connections. 
Gravel lenses might also form conduits for the low- 
concentrated Brines to reach the salt bodies. 

d. The receding Dead Sea also allows a change in the position 
of local interfaces between the heavy Brines of the Dead 
Sea and the low-concentrated Brines existing above them. 
These changes increase the possible contact between salt 

Photo 2:  Rear of lorry 'swallowed' by sinkhole 

Photo 3:  Sinkholes caused this road to collapse 

Photo 4:  Sign warning of the presence of sinkholes 

Photos 5-9:  Formation stages of a new sinkhole which, 
over a period of some 14 months, eventually included the 
old one 
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bodies and the dissolving water.  

Another less important mechanism for the formation of 
sinkholes is the flushing of fine-grained particles (mainly silt 
and fine sand) from and through the gravel lenses, however, it is 
believed that sinkholes formed in this manner are generally 
smaller in depth and size.  
The two types of sinkholes correspond to the types of sediments 
accumulated along the shores of the proto Dead Sea, namely:  

a. Large sinkholes (single or groups) form along alignments 
(straight lines of tectonic origin or curved lines 
corresponding to landslides) to existing salt bodies. 

b. Where local silt lenses do exist within the gravelly-silty 
lenses, small single holes form.  

The size of a sinkhole is influenced, on the one hand, by its 
location and by the configuration of the salt beds within the 
Lissan, and on the other hand, by the size and location of the 
lenses of fine constituents inside the granular fans.  The depth of 

a sinkhole could correspond to the thickness of the salt body or 
to the extension of a fine-grained lens within the gravelly 
deposits. 

It is assumed that the formation of sinkholes follows two 
stages of development: 

a. Initial stage: the formation of a "pear"-shaped hole, 
with/without an aperture at its apex, following mechanical 
criteria,  with a circumference and height corresponding to 
the thickness of the local salt bed (the thicker the horizon – 

the larger the circumference). 
b. Final stage:  sliding and collapse of the walls forming the 

pear-shaped sinkhole.  In the final stage also, adjacent 
sinkholes join to form an open extended scour (Photo 2).  

3 THE ENGINEERING SOLUTION TO THE SINKHOLES 

3.1 Geological Survey 

The first step should be the making of a geological survey 

Photo 6 Photo 8

Photo 9Photo 7 
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aimed, with the help of test borings, at determining the soil 
profile, the depth and size of salt masses, and the presence of 
tectonic cracks and other data influencing the underground 
water flow (Alluvial Fans). 

3.2 Radar 
Geo-radar methods were used successfully to locate sinkholes 
as small as 2-5 m in diameter in the upper 10 m of the ground 
before using deep compaction prior to the foundation 
construction of one of the hotels near the Dead Sea. The falling 
mass/weight used for the deep compaction punched the 
sinkholes located by the Geo-radar. 

Geo-radar was also used successfully for the construction of 
the main highway in the area. 

3.3 Dynamic Compaction 
Dynamic Compaction with the falling mass/weight technique - 
i.e. deep compaction - was used successfully.  The aim of this 
method is to compact the soil and eliminate the sinkholes, as 
well as a means of locating the sinkholes by systematic tamping 
of the area. 

The Dynamic Compaction is used to break through the 'roof' 
into the cavity of  sinkholes close to the surface and thereby 
extend the service life of the roads. 

The compaction is effected by means of a free-falling 15-
20-ton  mass  from  a  height of 15-20 m  at  a  frequency  of 3-7 
times per minute.  (See Photo 10). 

3.4 Geomembrane 

3.4.1 Purpose 
The geomembrane's purpose is to prevent the falling-in of 
people or vehicles.  The settlement of the geomembrane with or 
without sensors will serve as a warning of the forming of a 
sinkhole.  A differential settlement of up to 1% (a change in the 
gradient of the road of 1:100) is considered permissible and a 
larger change should indicate a warning. 

3.4.2 Properties 
Tensile strength: In the main direction – 40-60 ton/m 
Max. strain:  4% (see characteristics of the stress) 
Mesh size:   No more than 2.0 cm 
Typical geomembrane width: 5 m 

3.4.3 Transport and storage 
The rolls of geomembrane must be stored at the site under clean 
and dry conditions and protected from possible mechanical 
damage.  They should be covered in order to prevent exposure 
to sunlight (U-V Rays). 

3.4.4 Preparation of the site 
Anchoring against sliding:  An anchoring canal about 1 m deep 
should be dug along the site. The geomembrane should be 
placed in the canal (in the shape of an "U") and covered with 
compacted backfill. 
After the site has been cleared and cleaned up, it should be 
compacted. 

3.4.5 Laying-down of the geomembrane 

a)  The geomembrane will be spread horizontally and vertically, 
that is, in counter-directions, and each one will be covered with 
a granular layer.   (See Photo 11).  
b)  The geomembrane will be laid in place carefully so as to 
avoid the forming of wrinkles, folds and/or any other type of 
movement. 
c) The overlapping between same-direction geomembranes 
should be at least 50 cm.  The edges should be secured by 
means of special pins. 
d)  Horizontal   overlapping  at   the  end  of  a   roll  should  be 
6 meters. 

The granular covering for the geomembrane:  A layer of gravels 
larger than 2.5 cm in diameter. Thickness of the layers should 
be 20 cm.  If necessary, a non-woven barrier should be laid 
down to prevent penetration of the upper material into the 
gravel layer. 

3.5 Follow-up 

Long-term follow-up after completing the stabilization of the 
whole site is necessary in order to detect possible development 
of new cavities.  This can be done by sensors attached to the 
geomembranes as well as by geodectic survey, to locate 
settlement of more than 5-10 cm.  Further geo-radar surveys 
may also be used for this purpose. 

4 CONCLUSIONS 

The engineering solution to the sinkholes in layered ground is 
by using a combination of geological surveys for tectonics and 
the soil profile, geo-radar for locating existing cavities, Deep 
Compaction to densify the soil and break potential cavities' 
roofs, and geomembranes for 'first-aid' if future sinkholes 
develop, as well as a follow-up by special sensors and geo-radar 
to locate newly developing cavities. 

Photo 11:  Laying-down of the Geomembrane which will 
be covered by a layer of compacted gravel 

Photo 10:  Dynamic Compaction:  Dropping a 20-ton weight 
from a height of 15-20 m for deep compaction 
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