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Abstract New findings of the structure of the Dead Sea sedimentary basin and its eastern and western
bordering regions are obtained by P and PKP wave relative traveltime residuals of 644 teleseisms, as
recorded by the Dead Sea Integrated Research portable seismic network in the Dead Sea basin and its
neighboring regions. The Lisan Peninsula is characterized by relatively small teleseismic traveltime residuals
of about 0.14 s, in the latitude range of 31.22°–31.37° and at the longitude of 35.50°, slowly decreasing
toward the west. The largest teleseismic traveltime residuals are in the southern Dead Sea basin, south of
the Lisan Peninsula in the latitude range of 31.05°–31.15° and along longitude 35.45° and continuing
southward toward the Amaziahu Fault, reaching values of 0.4–0.5 s. There is a small positive residual at the
Amaziahu Fault and a small negative residual south of it probably marking the southern end of the
Dead Sea basin. East and west of the Dead Sea basin the mean teleseismic traveltime residuals are negative
with overall averages of �0.35 s and �0.45 s, respectively. Using the teleseismic residuals, we estimate
the horizontal dimensions of the Lisan salt diapir to be 23 km× 13 km at its widest and a maximal thickness
of about 7.2 km. The thickness of the Mount Sodom salt diapir is estimated as 6.2 km.

1. Introduction

Observations of teleseismic events can be a useful tool for obtaining a better understanding of the structure of
the area under study or the velocity contrast across a fault. In particular, the use of teleseismic traveltime
residuals is advantageous. The success of this method is due to the almost vertical arrivals of the incident waves,
which provide an integration of the medium below the seismic stations. The method was also applied
in other regions, e.g., the Kilauea Volcano in Hawaii, [Ellsworth and Koyanagi, 1977], the Coso geothermal
area in California [Reasenberg et al., 1980], the Central Africa Shear zone in Cameroon, the San Andreas, and
Calaveras faults in California [Dorbath et al., 1986, 1996], across the Dead Sea fault in California [Hofstetter et al.,
2000], and across the 1944 rupture zone of the North Anatolian fault in Turkey [Ozakin et al., 2012]. All these
studies used a relatively small number of stations, obtaining only general information on the structures or the
physical dimensions of large features.

The Dead Sea Integrated Research (DESIRE) campaign in the Dead Sea basin (DSB) and its bordering regions
aimed to study the seismotectonics of the basin (Figure 1). For achieving this goal, the DESIRE campaign
included a large number of stations in a relatively small area, unlike the studies mentioned above. In this
study we use many teleseismic observations of the dense network of the DESIRE campaign in the Dead Sea
basin, supported with the results of three wide-angle reflection/refraction profiles that were recently
conducted in the DSB (Figure 1), to obtain a better definition of the physical dimensions of major features
in the basin. Below, we specifically focus our attention on the Lisan andMount Sodom salt diapirs, and the location
of the Bokek and Ein Gedi transverse faults.

2. Tectonic Setting of the Dead Sea Basin

In this section we briefly describe the tectonic setting of the Dead Sea basin and its bordering regions. In
addition, we focus below on three wide-angle refraction/reflection profiles that were conducted in the Dead
Sea basin, to be used as a support for our interpretation. The Dead Sea basin (DSB) is the largest basin within the
Dead Sea fault (DSF), where the Dead Sea lake covers only part of the whole basin. The DSB is oftenmodeled as
a pull-apart basin, where the nearly north-south oriented Jericho and Arava faults, two large segments of the
DSF, bound it on the west and east, respectively [e.g., Neev and Hall1979; Garfunkel, 1981; Garfunkel et al., 1981;
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Sagy et al., 2003; Petrunin and Sobolev, 2006, 2008], which overlap in the DSB to form two en echelon strike-slip faults
(Figure 1). The actual extension of these segments is not well known. The basin is closed at its southern end by a
series of normal faults, the most visible being the Amaziahu fault, oriented NW-SE, which exhibits at least 50m of
downdip displacement, with a pronounced subsurface continuation [Kashai and Croker, 1987; Ben-Avraham, 1997;
Al-Zoubi et al., 2002; Ginzburg et al., 2006]. Frieslander [2000] and Ben-Avraham et al. [2008] suggested that Idan fault,
about 20km south of Amaziahu fault, is probably the southern end of the basin. No normal fault has been evidenced
at the northern end of the basin [Garfunkel, 1981], while within the basin transverse faulting is observed [Lazar, 2004;
Ben-Avraham et al., 2008, 2010]. The Lisan Peninsula, a large buried salt diapir, separates the DSB into two main
subbasins, a northern and a southern one, where topography of the Lisan Peninsula is slightly raised above the basin.
Tectonics has shaped the Dead Sea fault in general and the Dead Sea basin in particular over the past few million
years [e.g., Freund et al., 1970; Ben-Menahem et al., 1976; Garfunkel, 1981]. Many seismological, geophysical (i.e.,
refraction, reflection, and gravity) and geological studies have provided important information about the structure and
the velocity structure of the DSB and adjacent regions [e.g., Garfunkel et al., 1981; Van Eck and Hofstetter, 1989, 1990;
Rotstein et al., 1991; Aldersons et al., 2003; Frieslander, 2000; Shamir et al., 2005; Koulakov and Sobolev, 2006; Shamir, 2006;
Al-Zoubi et al., 2007; Hofstetter et al., 2007;Mohsen et al., 2011; Braeuer et al., 2012a, 2012b, 2014; Kaviani et al., 2013].

Ten Brink et al. [2006] and Ten Brink and Flores [2012] reported the results of twowide-angle reflection/refraction
(WRR) profiles (called also the E-W and N-S lines) which were conducted in 2004. The E-W line crossed the basin

Figure 1. (left) Schematic map of the Eastern Mediterranean Sea including the Dead Sea fault; rectangle indicates area
enlarged on the right; (right) tectonic setting of the DSB along with the main tectonic features, subbasins, and schematic
faults (F. refers to fault; black solid lines or black dashed lines where inferred) in the Dead Sea basin [after Neev and Hall,
1979; Ben-Avraham and ten Brink, 1989; Lazar, 2004; Bartov et al., 2004; Lazar et al., 2006; Ben-Avraham et al., 2008, 2010;
Hofstetter et al., 2008]. Red triangles present the DESIRE temporary stations. The northern and southern subbasins are
separated by the Lisan Peninsula (latitude 31.25°N) which is also indicated, where the Dead Sea lake covers only part of the
whole basin. Blue dash lines present the E-W, N-S, and DESIRE wide-angle reflection/refraction (WRR) profiles of Ten Brink et al.
[2006]; Ten Brink and Flores [2012], and Mechie et al. [2009], respectively.
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at latitude 31°N, just north of Amaziahu fault (E-W line in Figure 1). The N-S line was aligned with the Dead
Sea fault from about 50 km north of the Dead Sea Lake to about 120 km south of the lake. They defined the
low-density layer in the southern DSB as the upper crust, suggesting that the fault continues down to
18 km. They also reported that there is no indication of a low-velocity anomaly extending into the lower
crust under the DSB. The DESIRE project examined the DSB and its bordering regions, in general, and the
southern DSB in particular, comprising 66 seismic stations in the passive part of the project (Figure 1). The
very dense network of DESIRE, especially in the southern Dead Sea basin, enabled detailed seismological
studies, i.e., spatial distribution of seismicity and local earthquake tomography [Braeuer et al., 2012a, 2012b, 2014].
In the active part of DESIRE,Mechie et al. [2009] conducted an E-W seismic profiling, crossing the Lisan Peninsula along
latitude 31.3°N, which marks the border between the southern and northern Dead Sea subbasins (DESIRE profile in
Figure 1). They reported that the upper and lower crust boundary is at 20 km. The northern subbasin is characterized
by a sedimentary sequence (basin and prebasin sediments) of about 6 km, which thickens under the Lisan
Peninsula to about 12 km, shallows to about 8 km near the Amaziahu fault and to about 2 km of prebasin
sediments near the Idan fault [Ben-Avraham and Ginzburg, 1990; Hofstetter et al., 1991, 2000; Gardosh et al., 1997;
Ten Brink et al., 2006; Mechie et al., 2009; Ten Brink and Flores, 2012].

The above-mentioned refraction cross sections of the Dead Sea basin studies showed gradual changes of the
Moho depth under the southern DSB and its bordering regions. South of the lake, Ten Brink et al. [2006]
reported Moho values of 33 km, 31 km, and 29 km at about 30 km east of the DSB, under the DSB, and about
20 km west of the basin, respectively. Along latitude 31.3°N, crossing the Lisan Peninsula, Mechie et al.
[2009] reported Moho values of 32 km, 32 km, and 33 km at about 30 km east of the DSB, under the Lisan

Table 1. DESIRE Stations That Are Used in This Study; J or I, and S or B (in Station Name Column) Are for Jordan or Israel,
and Short Period or Broadband, Respectively

No. Station Name
Latitude
(°N)

Longitude
(°E)

Altitude
(m) No. Station Name

Latitude
(°N)

Longitude
(°E)

Altitude
(m)

1 JB01 31.23710 35.47915 -330 34 JB39 31.19470 35.60761 670
2 JB02 31.25192 35.46523 -331 35 JS40 31.11655 35.63011 1096
3 JS03 31.25877 35.44380 -331 36 JB41 31.27262 35.54250 -233
4 JB04 31.24997 35.42810 -385 37 IS01 31.27769 35.126145 533
5 JS05 31.23783 35.40220 -389 38 IS02 31.260524 35.234549 614
6 JS06 31.27531 35.46942 -318 39 IS08 31.235332 35.376277 -391
7 JB07 31.29146 35.47960 -330 40 IB09 31.231218 35.396592 -390
8 JS08 31.30699 35.48604 -352 41 IS10 31.215945 35.408608 -386
9 JS09 31.32339 35.48528 -345 42 IB11 31.201048 35.420185 -395
10 JB10 31.33855 35.49455 -394 43 IS12 31.186023 35.432131 -390
11 JS11 31.35122 35.50832 -395 44 IB13 31.171217 35.444040 -395
12 JB12 31.37247 35.50018 -393 45 IS14 31.153986 35.452216 -395
13 JS13 31.23487 35.50288 -330 46 IB15 31.136359 35.455273 -390
14 JS14 31.23980 35.52475 -288 47 IS16 31.11923 35.455472 -390
15 JB15 31.24745 35.54355 -215 48 IB17 31.101002 35.452280 -388
16 JS17 31.25093 35.59520 234 49 IB19 31.066879 35.435838 -385
17 JB18 31.25148 35.62162 411 50 IS20 31.052111 35.426091 -382
18 JB19 31.23319 35.64560 540 51 IB21 31.02075 35.420533 -380
19 JS20 31.21314 35.66253 574 52 IS27 31.145183 35.283961 90
20 JB21 31.19888 35.66875 753 53 IB22 31.062582 35.364652 -270
21 JS22 31.19445 35.69124 787 54 IB25 31.130217 35.363633 -320
22 JS23 31.22128 35.67334 665 55 IB31 31.316577 35.347416 -100
23 JS24 31.18134 35.70216 958 56 IS32 31.35350 35.354031 -270
24 JB25 31.08933 35.52062 -336 57 IS34 31.074711 35.332702 0
25 JS26 31.17172 35.53622 -358 58 IS35 30.990871 35.413377 -374
26 JS27 31.19172 35.53495 -344 59 IB36 30.931260 35.389620 -331
27 JS28 31.30299 35.53738 -338 60 IS37 31.416150 35.380630 -390
28 JB29 31.30007 35.56571 -160 61 IB38 31.448970 35.380940 -300
29 JS31 31.33068 35.58116 119 62 IS40 31.150690 35.365100 -363
30 JS33 31.33458 35.64223 991 63 IS41 30.767070 35.287930 -150
31 JS35 31.37906 35.69644 902 64 IS42 31.573220 35.399540 -250
32 JS36 31.42189 35.73890 811 65 IS43 31.67816 35.435390 -313
33 JB37 31.38895 35.67463 875 66 IB44 31.752690 35.462600 -320
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Peninsula, and about 20 km west of the Lisan Peninsula, respectively. Those studies are in accordance with
earlier refraction studies on both sides of the basin [Ginzburg et al., 1979a, 1979b, 1979c; El-Isa et al., 1987;
El-Isa, 1990] or results of local earthquake tomography [Koulakov and Sobolev, 2006]. Ten Brink et al. [2006],
Ten Brink and Flores [2012], and Mechie et al. [2009] reported that at depths from 20 km to the Moho at
about 32 km under the DSB there are no changes of the lower crust and any perturbation of Moho topography
is within the data resolution.

The Dead Sea Rift Transect (DESERT) project, being active from May 2001 to February 2002, was composed
of a 260 km long transect extending from the Mediterranean coast to the Arabian platform [Weber and
DESERT Group, 2004; Weber, 2005; Weber and DESIRE group, 2009]. The central part of the transect crosses
the DSF at a location in the Arava Valley which is about 60 km south of the Dead Sea lake [Mechie et al.,
2005]. Using the observed data of DESERT, Koulakov et al. [2006] reported that there is no reliable signature
of the Dead Sea Transform in the upper mantle structure. Based on all the refraction profiles, Mechie et al.
[2009] suggested that the Dead Sea pull-apart basin is essentially an upper crustal feature with upper
crustal extension, and below about 20 km the two plates move past each other in a shearing motion.
Consequently, any major observed traveltime anomaly is due to variations in seismic velocities of the upper
crust inside the basin and on both sides.

3. Method of Analysis and Teleseismic Data Reduction

The DESIRE project aimed to study the DSB and its bordering regions, in general, and the southern Dead Sea
basin in particular, comprising 66 stations from October 2006 to April 2008, having about an equal number of
broadband (BB) and short period (SP) seismometers (Figure 1 and Table 1). The main advantage in using the
DESIRE stations is the high density of stations in the southern Dead Sea basin (SDSB) and the Lisan Peninsula
with typical separation of 2 km between neighboring stations, and on the eastern and western flanks of the
basin typical separation of less than 7 km between neighboring stations, having a total number of 60 stations in
this area, and another six stations in the bordering regions. In comparison, there are only five permanent
stations of the Israel Seismic Network (ISN) and the Jordan Seismic Observatory (JSO) in the Lisan Peninsula and
the SDSB, and only another five stations in all the other parts of the Dead Sea basin combined, with a typical
separation of over 20 km between neighboring stations. In addition, near each permanent station of ISN and
JSO in the SDSB and the Lisan Peninsula a DESIRE station was installed, not more than 100m away. Themajority
of the stations were installed either on the Dead Sea dams, which surround the evaporation ponds in the

Figure 2. (left) Distribution of teleseismic events (blue circles) with magnitude greater than 5.0 that were recorded by
the DESIRE network (red star). The equidistant circles show distances in degrees to the center of the DESIRE network.
See text for more details; (right) number of events as a function of distance, within an interval of ±5°, from the center of
the DESIRE network.
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southern Dead Sea basin, or in the
Lisan Peninsula, and thus providing an
excellent opportunity to conduct
measurements in the middle of the basin.

The data set of the DESIRE project
comprises 644 earthquakes, which
occurred throughout the Dead Sea
basin at the distance range of 30°–154°
in the magnitude range of 5.0–8.5
(Figure 2), where the majority (~80%) of
the teleseisms range from 75° to 150°,
thus ensuring almost vertical arrivals of
the incident waves. There is an abundant
number of strong earthquakes from the
northeast and southeast quadrants
(mainly western and central Pacific Ocean
and eastern Asia), versus less strong
earthquakes from other quadrants, i.e.,
the Atlantic Ocean (Figure 2). However,

there is still a significant number of earthquakes in the quadrants west of the network to be used in the analysis.
The source parameters of these events are determined by the National Earthquake Information Center, U.S.
Geological Survey (http://earthquake.usgs.gov/regional/neic).

A total of about 37,000 P wave arrivals are read from the recordings of the short-period and broadband
vertical component seismic stations. For each event, all traces were visually compared and correlated using
distinct phases such as P (about 60% of all phases), or PP (about 20%), or PKP (about 20%), and if possible,
we also checked prominent phases such as pP or pPKP immediately following the distinct phase. If the
earthquake occurred at a distance of 98° or less, we use the P phase (see Figure 2) [Storchak et al., 2003].
For larger distances we use the clearest phase between PP and PKP. The sampling rate of the SP and BB
stations are 200 sps and 100 sps, respectively. Thus, the picking error is estimated to be less than 0.02 s. We
discarded doubtful readings, i.e., seismograms with unclear phases, corrupted seismograms, and noisy
seismograms. Because of the relatively small size of the network, systematic errors, caused by event
mislocation, and variation of the ray path shapes to the seismic stations, are estimated to be less than 0.01 s
[Engdahl et al., 1977]. Figure 3 shows four (out of 66) recordings of DESIRE stations of a strong earthquake
that occurred near Sumatra on 24 October 2007. We observe high similarity of the recordings at all stations.
In the next phase we use waveform cross correlation to measure accurate arrival times of all the stations
relative to a reference one. To ensure high-quality signals, not contaminated by external noise, we
discarded stations for which the correlation values were less than 0.8.

Considering that the geological structures on either side of the DSB are not identical, we corrected all travel time
residuals due to the different altitudes of the stations by moving them to the level of the Dead Sea lake (�400m
below sea level). Using results of crustal refraction and wide-angle reflection/refraction (WRR) studies
[Ginzburg et al., 1979a, 1979b; Ginzburg and Folkman, 1980; Ten Brink et al., 2006; Mechie et al., 2009; Ten Brink
and Flores, 2012], velocities of 3.8 km/s and 3.5 km/s are assigned for thewestern and eastern sides, respectively.

The paths to the stations either near the earthquake source or in the deeper parts of the mantle, away from
the stations, are essentially identical. Moreover, examining the E-W and N-S lines, and the DESIRE WRR
profile, it is clear that the upper mantle and lower crust are rather similar [Ten Brink et al., 2006;Mechie et al.,
2009; Mohsen et al., 2011; Ten Brink and Flores, 2012]. Changes in the arrival times among the stations are
the superposition of two factors: (1) being located at different distances relative to the epicenter and
(2) variations in the structure of the upper crust underneath the stations. To eliminate the first factor, we
calculated the theoretical travel time from the source to each station and also to the center of the network,
thus applying a moveout correction.

To account for the second factor, we examine two upper crust columns that represent the structure inside the
Dead Sea basin, and two columns that represent the shoulders of the basin (Figure 4). The columns that

Figure 3. Example of recordings at four DESIRE stations of Mw 6.8 earth-
quake on 24 October 2007, latitude 3.90°S, longitude 101.02°E (near
Sumatra), distance of 71.5° from the center of the network. Time is rela-
tive to the origin of the earthquake.
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represent the shoulders of the basin are
based on the DESIRE WRR profile
[Mechie et al., 2009]. Below a depth of
3 km, they are rather similar, and the
variations of P velocity in the upper part
of the upper crust are due to different
rock composition [Segev et al., 2006,
and references therein]. The Lisan
Peninsula column (actually Lisan salt
diapir column) and the Southern Dead
Sea basin (SDSB) column represent
columns inside the basin, are based on
the N-S line that traverses the Dead Sea
basin [Ten Brink and Flores, 2012,
Figure 6, and references therein]. The
SDSB column and the Lisan Peninsula
column present the sedimentary
sequence in the upper part of the
upper crust just north of the E-W WRR
profile [Ten Brink et al., 2006], and the
sedimentary sequence in the Lisan
Peninsula based on the N-S WRR profile
[Ten Brink and Flores, 2012] near the
crossing with the DESIRE WRR profile,
respectively. The total thickness of each
column is about 11 km. The columns
are similar except the upper layer in the
SDSB column that is composed of basin
fill with typical P velocity of 3.5 km/s
or mainly salt in the Lisan salt diapir
column with P velocity of 4.3 km/s
[Al-Zoubi and ten Brink, 2001]. Due to
the relatively slow material in the SDSB
column it is considered to be a “slow”
column while the Lisan column with P

velocity 4.3 km/s is a “fast” column leading to longer traveltime and shorter traveltime, respectively. The P
velocities in the layers in the columns that represent the shoulders on both sides of the basin are larger
than the P velocities in the columns inside the Dead Sea basin at any given depth in the upper crust
(Figure 4) [see also Ten Brink et al., 2006, Figure 1; Mechie et al., 2009, Figure 11; Ten Brink and Flores, 2012,
Figure 6], and the difference in the P velocities can be up to 1 km/s. Thus, relative to the columns in the
basin the columns that represent shoulders of the Dead Sea basin are significantly faster.

In order to minimize the source effect resulting from incorrect hypocenter location and origin time and to
minimize effects due to any lack of homogeneity along the raypaths away from the study area, we
use travel time residuals. The raw teleseismic traveltime residuals are given by tij = Tij(obs)� Tij(theor) for
the Ith station and Jth event, and the theoretical time is calculated using IASP91 model [Kennett and
Engdahl, 1991]. The relative traveltime residual is rij ¼ tij � tj for a given event, where the mean residual tj
is the average of observed arrivals for event j. The mean relative teleseismic traveltime residual for
each station ri is the average of all traveltime residuals of all events [i.e., Ellsworth and Koyanagi, 1977;
Reasenberg et al., 1980]. Each of the analyzed events was recorded by at least six stations, and usually by
more than 20 stations. The mean teleseismic traveltime residuals are obtained by averaging several dozen
residual values (>50) and usually several hundred, implying a small scatter of errors due to varying the
number of observations for a given event, and ruling out the dependence of the average residual on any
subset of stations.

Figure 4. (left) Typical upper crustal columns of the eastern and western
flanks of the Dead Sea basin [after Mechie et al., 2009]; (right) typical
upper part of the upper crust columns of the Lisan Peninsula (salt diapir)
and Southern Dead Sea basin [after Ten Brink and Flores, 2012, and
references therein]. Numbers inside the columns present P velocity and
numbers in between columns present the depth of a given boundary.
See text for further details.
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4. Results

Below, we present an overall view of the results, and in the next section we discuss their tectonic
implications. For a better understanding of the structure of the basin we use the mean relative teleseismic
traveltime residuals. The mean relative traveltime residuals for all stations using all events are shown in
Figure 5. Due to the wide range of azimuths and incidence angles, the mean teleseismic traveltime
residuals reflect an overall characterization of the relative velocity variations under the DESIRE network.
The general pattern is similar to that presented by Hofstetter et al. [1991, 2000]. However, in this study, the
number of recording stations for each event is significantly larger providing a better station distribution
inside the DSB and in its bordering regions.

The mean relative teleseismic traveltime residuals are actually a summation of all the anomalies seen by the
upcoming rays from the bottom of the model to the top and can be interpreted as a result of crustal changes.
To test the influence of the DSB on the upcoming rays for stations that are located on the eastern andwestern
flanks of the basin, we use the mean teleseismic traveltime residuals of earthquakes that were originated
from the east and the west, for stations that are located on the eastern and western sides, respectively
(Figures 6a and 6b). The differences between the teleseismic travel time residuals in Figures 5a and 6a are
shown in Figures 6c and 6d. Most of the stations, 18 out of 24, present differences that are less than 0.1 s,
showing that the influence of the DSB on the upcoming rays is negligible.

Figure 5 shows mean relative teleseismic traveltime residuals in the southern DSB along with main tectonic
features. In general, stations situated inside and outside the DSB report positive and negative teleseismic
traveltime residuals, respectively, essentially delineating the borders of the basin. The Lisan Peninsula is a

Figure 5. (a) Mean relative teleseismic travel time residuals (seconds; center of the number is the location of the seismic
station) that were obtained for the DESIRE stations in the whole DSB. Negative residuals are presented in red. Blue
dashed lines present the E-W, N-S, and DESIRE wide-angle reflection/refraction (WRR) profiles of Ten Brink et al. [2006],
Ten Brink and Flores [2012], and Mechie et al. [2009], respectively. Main tectonic features are schematically shown
(see also Figure 1). Red solid circles present the Lisan 1 (L) and Sodom Deep 1 (S) boreholes; (b) teleseismic traveltime
residuals of Figure 5a are presented by inverted triangles (red and black colors are for negative and positive anomalies,
respectively) whose sizes are proportional to the residuals. In addition, the sizes of small andmedium triangles weremultiplied
by 8 and 2, respectively. Range of values is shown in the upper left corner.
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large and wide salt dome and several seismic stations were installed on top of it. It is characterized by relatively
small positive teleseismic travel time residuals of about 0.14 s, in the latitude range of 31.22 °N–31.37°N and
longitude of 35.50 °E, slowly decreasing in a westward direction. Mount Sodom is a significantly smaller salt
dome and only one station was installed near the top, obtaining a teleseismic traveltime residual of 0.02 s
(just north of the Sodom Deep 1 borehole, Figure 5), and another was installed west of it just off the basin
on hard dolomite rock. The largest traveltime residuals are in the southern DSB, south of the Lisan Peninsula in
the latitude range of 31.05°N–31.15°N and along longitude 35.45°E and continuing southward toward
Amaziahu Fault, reaching values of 0.3 to 0.4 s (Figure 5). We get small positive residual in the Amaziahu
Fault and small negative residual about 20 km south of it. East of the southern DSB and the Lisan Peninsula, the
mean teleseismic traveltime residuals are negative, having values in the range between�0.21 and�0.53 s with
an overall average of �0.35 s. West of the DSB, at distances of up to 20 km and along the margins of the
northern and southern Dead Sea basins, the mean teleseismic traveltime residuals are slightly more negative,
having values in the range between �0.27 and �0.58 s, with an overall average of �0.45 s.

5. Discussion

The large number of mean relative teleseismic traveltime residuals inside the DSB and in the bordering sides
enables a detailed study of the region (Figure 5). The discussion section is divided into two subsections

Figure 6. (a) Mean relative teleseismic travel time residuals (seconds; center of the residual value is the location of station)
that were obtained for the DESIRE stations based on earthquakes from either east or west for the eastern and western
stations, respectively, avoiding the influence of the DSB; (b) residuals of Figure 6a are presented by inverted triangles, with
the same color and size designations as Figure 5b; (c) difference between the teleseismic travel time residuals in Figures 5a
and 6a for a given station; (d) residuals of Figure 6c are plotted by inverted triangles. The sizes of small, medium, and large
triangles were multiplied by 200, 5, and 2, respectively. Range of values is shown in the upper left corner.
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dealing with first, the spatial distribution of the mean relative teleseismic traveltime residuals, and second,
the dimensions of the Lisan and Sodom salt diapirs.

5.1. Spatial Distribution of the Mean Relative Teleseismic Traveltime Residuals

In general, the DSB is characterized by positive values while the bordering regions are negative. We focus our
attention on three profiles, the DESIRE WRR crossed the basin in the Lisan Peninsula [Mechie et al., 2009],
the E-W line that is located south of the Dead Sea lake [Ten Brink et al., 2006] and N-S line that traverses the
Dead Sea basin [Ten Brink and Flores, 2012], allowing us to obtain deeper understanding of the structure of
this region (Figures 1 and 5). Along the DESIRE WRR profile [Mechie et al., 2009], the differences between
the Lisan Peninsula and the eastern and western sides of the DSB are about 0.5 and 0.6 s, respectively. Based
on the latter study, in the shallowest 11 km of the DSB the average velocity is about 4.4 km/s and in the
deeper 9 km it is about 6.2 km/s, while on the eastern and western sides for the same depths the values are
5.4 km/s and 6.4 km/s and 5.6 km/s and 6.4 km/s, respectively (Figure 4). Using these velocity differences,
especially in the upper part of the crust along the DESIRE WRR profile, the large differences in the mean
relative teleseismic traveltime residuals can be easily explained.

In a similar way, we can examine the E-W WRR profile [Ten Brink et al., 2006] (see Figure 5). Along this profile,
there are no DESIRE stations on the eastern side and on the western side there are two nearby stations,
yielding a difference in the teleseismic traveltime residuals of about 0.8 s. The velocity differences in the first
10 km is about 1.0 km/s and about 0.5 km/s in the depth range from 10 to 18 km. Based on the above
mentioned values along the E-W WRR profile, the large differences in the teleseismic traveltime residuals are
obvious. Mohsen et al. [2011], using receiver function analysis, obtained similar results in which there is an
increase in the sediment delay times in the DSB and a decrease to the east.

The N-S WRR line [Ten Brink et al., 2012] (see Figure 5) is composed of two segments. The northern segment
is along the eastern shoreline of the Dead Sea lake southward to (35.55°E; 31.25°N). There are only three
DESIRE stations that are located near the end of this segment, presenting negative residuals. The southern
segment of the N-S line stretches along the western shoreline of the Lisan from (35.45°E; 31.25°N) and
then it continues southward in the center of the southern Dead Sea basin along the dams that surround the
evaporation ponds. There are 14 DESIRE stations located along the northern part of this segment between
latitudes 31.25°N and 31.00°N, presenting relatively small positive residuals near the Lisan Peninsula and
larger positive residuals south of latitude 31.15°N, yielding a difference in the teleseismic traveltime
residuals of about 0.5 s. Following Ten Brink and Flores [2012], the typical columns in the southern Dead Sea
basin and the Lisan Peninsula (southern segment of N-S line) are presented in Figure 4. The velocity
difference in the first 4.5 km is about 0.8 km/s. Based on the values along the N-S WRR profile mentioned
above, the difference in the teleseismic traveltime residuals of 0.5 s is obvious. Using receiver function
analysis Mohsen et al. [2011] reported an increase in the sediment delay times in the western part of the
southern DSB. In conclusion, the mean teleseismic traveltimes residuals are consistent with the reports
of the E-W, N-S and DESIRE WRR profiles [Ten Brink et al., 2006;Mechie et al., 2009], and the receiver function
analysis [Mohsen et al., 2011].

The relative teleseismic traveltime residuals clearly delineate the faults on the eastern and western sides of
the DSB [Deves et al., 2011; Kagan et al., 2011] (see also Figure 5). Inside the DSB the positive teleseismic
residuals are associated with the thick layer of soft material relative to the ambient hard material on both
sides of the basin which are associated with negative teleseismic residuals [Ten Brink et al., 2006;Mechie et al.,
2009; Ten Brink and Flores, 2012]. The Jordanian highlands on the eastern side of the DSB are of higher altitude
than the western side [Segev et al., 2006; Deves et al., 2011]. The bounding flanks of the DSB are geologically
different due to the relative left-lateral movement of about 105 km between both sides of the Dead Sea
rift. In the Jordanian highlands, on the east side, a sequence of sandstone overlies the granitic rocks
while on the western side a limestone-dolomite sequence is exposed [e.g., Ten Brink et al., 1993; Rybakov
et al., 1999; Sagy et al., 2003; Bartov et al., 2004; Ten Brink and Flores, 2012]. These geological differences are
apparent also in the determined velocity values. Ten Brink et al. [2006], Mechie et al. [2009], Hofstetter et al.
[2012], and Braeuer et al. [2012b] showed that the eastern side has equal or higher-velocity values than
the western side at all depths, from shallow depth down to about 20 km (see Figure 4). Below about 20 km
the top of the lower crust on the western side is elevated in comparison to the eastern side, which is
composed of faster material [Ten Brink et al., 2006;Mechie et al., 2009; Ten Brink and Flores, 2012]. Thus, if we
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compare the velocities in the mass
columns on both sides of the basin, we
obtain near canceling-out effects, but
the western mass column is slightly
faster overall, rendering to slightly
more negative teleseismic traveltime
residuals on the western side relative
to those on the eastern side.

The Lisan Peninsula, which borders the
northern and southern subbasins, and
the center of the southern subbasin,
are characterized by average positive
teleseismic travel time residuals of
0.10 s and 0.36 s, respectively. These
observations are fully consistent with
the observations of Ten Brink and Flores
[2012], in which the basin under the
Lisan Peninsula is 8–8.5 km deep and
shallowing to 5 km deep under
Amaziahu fault, about 30 km south of
the Lisan Peninsula. The differences in
the teleseismic traveltime residuals
are due to the existence of a large salt
body in the Lisan Peninsula, a relatively
fast material, while in the center of
the southern subbasin the size of the
salt body is significantly smaller.
North of the Amaziahu fault (~10 km)
the teleseismic traveltime residuals
are about 0.3 s gradually decreasing
southward in the area of the fault
itself to 0.12 s and even becoming
negative about 15 km south of the
fault. These observations accord well
with observations of shallowing and
termination of the basin of Al-Zoubi
and ten Brink [2002], Ben-Avraham et al.
[2008], Hofstetter et al. [2012], and Ten
Brink and Flores [2012].

The Ein Gedi, Bokek, Amaziahu, and Idan
faults, between latitudes 30.7 °N and
31.4 °N, are four main transverse faults
that border the Lisan Peninsula or the
southern DSB [Ben-Avraham and ten

Brink, 1989; Ginzburg and Ben-Avraham, 1997; Larsen et al., 2002; Ginzburg et al., 2006; Ben-Avraham and
Schubert, 2006; Ben-Avraham et al., 2008, 2010, and references therein] (Figure 5). The Ein Gedi and Bokek faults
border the Lisan Peninsula on the north and south sides, respectively. Based on results of local earthquake
tomography, Braeuer et al. [2012a, 2012b] reported on strong contrasts in the model of VP/VS ratio. Between
depths of 2 and 5 km there are observable large ratios (up to 2) north of latitude 31.35 °N and
south of latitude 31.20 °N, which define the Ein Gedi and Bokek faults. Using the teleseismic traveltime
residuals, we see a clear change from 0.21 s to 0.39 s at stations IB13 and IS14, respectively, which occurs south
of latitude 31.171°N and north of latitude 31.154°N (Figure 7 and Table 1). This change of residual values defines
the location of the Bokek fault, which is wholly in agreement with the report of Braeuer et al. [2012b].

Figure 7. (a) Mean relative teleseismic traveltime residuals (seconds) in
the Lisan Peninsula, southern DSB, and surrounding regions. L1, N1, N3,
NM1, GS1, and S present the Lisan 1, NRA 1, NRA 3, Numeira 1, and Ghor
Safi 1 and Sodom Deep 1 boreholes, respectively. AF, BF, EGF, GSF, JF
present the Arava fault, Bokek fault, Ein Gedi fault, Ghor Safi fault, and
Jericho fault, respectively. The red dashed line presents the probable
limits of the Lisan salt diapir. Stations IB13 and IS14 are located on both
sides of the BF, station JB12 is located south of EGF, and station IB22 is
on Mount Sodom (near Sodom Deep 1 borehole). See text for further
details; (b) residuals of Figure 7a are presented by inverted triangles,
where colors and sizes are as in Figure 5b.
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There are no stations located in the lake itself north of the Lisan Peninsula or north of the EinGedi fault (Figure 5).
The northernmost station on the Lisan Peninsula is JB12 at latitude 31.372°N (Figure 7 and Table 1), having
a small positive residual anomaly of 0.14 s, similar to other neighboring stations in the Lisan Peninsula,
located south of this station and near the center of the Lisan Penisula. This implies that the station is
located over the Lisan salt diapir. Since most of the teleseisms occurred at distances of 80°. or larger from
the station (Figure 2), then the maximal incidence angle relative to the vertical is 20°, or even as low as 15°.
We assume a large VP/VS ratio change at depth of 5 km, as reported by Braeuer et al. [2012b]. In this
case, only upcoming rays within horizontal distance of 1.5 km or smaller, originating from earthquakes that
are located north of the station, are observed at station JB12. Thus, the Ein Gedi fault is probably located
about 2 km north of the station or at approximate latitude of 31.4°N. This result is fully consistent with
the report of Braeuer et al. [2012b] of large VP/VS ratio north of 31.35°N.

The southern DSB is located just south of the Lisan Peninsula, being bordered on the north side by the
Bokek fault, in the south by Idan fault, and is bisected by the Amaziahu fault. There is a significant change
in the mean relative teleseismic traveltime residuals from an average value of 0.35 s inside the basin to
about 0.10–0.15 s in the Lisan Peninsula across the Bokek fault, and across the Amaziahu fault to a value of
0.12 s and even negative south of the fault near the Idan fault (Figure 5). The latter is considered to be
the southernmost end of the DSB [Ben-Avraham et al., 2008, and references therein]. The sedimentary
sequence thins southward [Neev and Hall, 1979; Ginzburg et al., 2006; Ten Brink and Flores, 2012]. The single
slightly negative teleseismic traveltime residual value near the southwest corner of the Idan basin (Figure 5)
supports this observation.

5.2. The Dimensions of the Lisan and Sodom Salt Diapirs

The large number of mean relative teleseismic traveltime residuals inside the DSB and in the bordering
sides (Figure 5) enables a better determination of the physical dimensions of the Lisan and the Sodom
salt diapirs. In this subsection we focus our attention on the Lisan and Sodom salt diapirs, which are
bounded in a relatively small triangle between the E-W line in the southwest, N-S line in the east, and DESIRE
WRR in the north (latitudes 31.0–31.4 and longitudes 35.35–35.55). Thus, we assume that the paths away from
the Dead Sea basin and near the remote sources, and the paths in the deeper parts of the mantle are highly
similar. The changes in the teleseismic traveltime residuals are due to the different structures of the upper
crustal columns (Figure 3). The columns in the southern Dead Sea basin and the Lisan Peninsula are similar
except that the upper part of the upper crust facilitates the determination of the physical dimensions of the
Lisan and the Sodom salt diapirs.

The mean relative teleseismic traveltime residuals in the Lisan Peninsula, with an average value of 0.14 s, are
smaller than those in the center of the southern DSB presenting an average value of 0.35 s. The Sodom Deep
1 and Lisan 1 boreholes (S and L in Figure 5) show thick layers of salt of at least 1 km and well over 4 km,
respectively [Abu-Saad and Andrews, 1993; Garfunkel and Ben-Avraham, 1996, 2001; Gardosh et al., 1997;
Al-Zoubi and ten Brink, 2001]. Salt, despite its relatively low mass density, has unusually high seismic velocity
comparable to regular light mass density sedimentary rock but still lower when compared to dolomite or
hard limestone [Dobrin, 1952]. Thus, one would expect small positive teleseismic traveltimes residuals in the
case of stations that are situated above the Lisan salt dome (Figure 5). The density log of Sodom Deep 1
borehole shows a gradual increase of mass density from 2100 kg/m3 close to the surface to about 2400 to
2500 kg/m3 at depths of 4 to 5 km due to compaction, and then it almost levels off at depth of 6.5 km (bottom
of the borehole). Throughout the entire borehole the mass density is definitely lower than a comparable
dolomite and limestone column.

Several studies using geological and geophysical observations determined the horizontal extension of the
Lisan salt diapir. Al-Zoubi and ten Brink [2001, and references therein] presented a thorough study
of the Lisan salt diapir based on a compilation of magnetic, gravity, and borehole data. They also used a
series of reflection lines along the northwest shore of the Lisan Peninsula, crossing the Lisan Peninsula,
crossing the southern DSB, and on both sides of the basin. The cross sections in the Lisan Peninsula, i.e.,
along the northwest shore, present a thick salt layer. The three boreholes, Lisan 1, NRA 1, and NRA 3, in the
Lisan Peninsula penetrated a thin cover layer of Lisan marl and then a thick layer of salt, never reaching
the bottom of the salt layer. At the Ghor Safi 1 and Numeira 1 boreholes, located south of the Lisan
Peninsula, no salt is observed. Braeuer et al. [2012b] reported that the VP model of the Lisan Peninsula
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shows no special features. Choi et al. [2011] applied 3-D density modeling to new compilations of airborne,
shipborne, and terrestrial data sets of Bouguer gravity of the entire DSB. They identified three main salt
diapirs: one in the northern Dead Sea subbasin, the Lisan diapir and Mount Sodom diapir. Meqbel et al.
[2013] conducted a magnetotelluric study across the DSB to obtain the electrical properties of geological
and hydrological units. They reported that the Lisan salt body is characterized by very high resistivity,
indicating the absence of fluids necessary for electric conductivity. The calculated horizontal dimensions of
the Lisan salt diapir following the above-mentioned studies are presented in Table 1. We note that the
last two studies suggest a significantly larger salt diapir relative to the calculated dimensions of Al-Zoubi
and ten Brink [2001].

Observations of teleseismic events can be a useful tool for determining the horizontal dimensions of the
Lisan salt diapir, due to the almost vertical arrivals of the incident waves. Thus, high positive values of
teleseismic traveltime residuals of 0.3 s or more, which are observed over most of the southern DSB south of
Bokek fault, are due to mainly soft material with relatively small quantities of salt. Small positive residual
values that are less than 0.20 s and even as low as�0.03 s represent medium to thick salt layers, respectively.
Figure 7 presents average teleseismic traveltime residuals in the Lisan Peninsula and surrounding regions
along with the locations of several boreholes. The Lisan Peninsula is characterized by relatively small positive
residuals with an average of about 0.13 s, and some undulations occasionally showing negative values of
�0.01 s and �0.03 s. Southwest of the Lisan Peninsula we get slightly smaller values of from 0.04 to 0.12 s.
The borehole NRA 1 is located on the southeast side of a large salt body where the thickness of the salt layer is
5.5 km. The salt body is bordered on the east side by the north-south Ghor Safi fault, which is located
about 2.0 km west of the Arava fault [Al-Zoubi and ten Brink, 2001, Figures 11 and 12]. The teleseismic residual
value as obtained from a nearby station is 0.22 s. Thus, we assume that such residual reflects a station near the
edge of the salt diapir, as probably some parts of the paths of the upcoming rays may propagate through
nonsalt material. Therefore, teleseismic travel time residuals greater than 0.25 s, largely in the southern DSB,
indicate relatively soft sediments with little or no salt, and negative teleseismic residuals that are less than
�0.10 s, typically on both sides of the basin, are associated with hard rock (i.e., dolomite of hard limestone)
likewise without salt. The red dashed line in Figure 7 represents the probable size of the Lisan salt diapir,
based on the obtained teleseismic traveltime residuals. The salt diapir is bounded on the north, west, south,
and east sides by the Ein Gedi, Jericho, Bokek, and Ghor Safi faults, respectively. The horizontal dimensions of
the salt diapir are about 23 km at its longest place by about 13 km at its widest place. Our estimate is larger
than the estimate of Al-Zoubi and ten Brink [2001], but with better agreement with the results of Choi et al.
[2011] and Meqbel et al. [2013] (see Table 2).

In the next phase we estimate the thickness of the Lisan salt diapir, based on the differences between the
teleseismic traveltime residuals in the southern DSB and in the Lisan Peninsula. We can use the sedimentary
column in the southern DSB as a standard column and compare it with an equivalent column in the Lisan salt
diapir, assuming that the salt replaces the soft sediments. Gardosh et al. [1997] report that the density log
of Sodom Deep 1 borehole shows a gradual increase of mass density from 2100 kg/m3 close to the surface to
about 2400 kg/m3 to 2500 kg/m3 at depths of 4 to 5 km, and then it almost levels at depth of 6.5 km (bottom
of borehole). Average velocities for the sedimentary column and salt are takes as 3.5 km/s and 4.3 km/s
Al-Zoubi and ten Brink [2001]. Average teleseismic traveltime residual of the southern DSB is 0.35 s. Figure 8
and Table 2 present calculated thickness of the Lisan salt diapir at each observing station and also a cross
section in the sedimentary sequence along the Lisan Peninsula and the dam in the southern Dead Sea
basin (right side in Figure 8a). We note the undulations of the thickness of the salt diapir (thick black line in the

Table 2. Comparison of the Dimensions of the Lisan Salt Diapir as Obtained by Several Studiesa

Geophysical Method
Maximal Horizontal
Dimensions (km)

Average (Maximal)
Thickness (km) Authors

Borehole, reflection, gravimetric
and magnetic

13 × 10 7.1 Al-Zoubi and ten Brink [2001]

Gravimetric 20 × 10 8 (5.5) Choi et al. [2011]
Magnetotelluric 17 × 12 5-6 Meqbel et al. [2013]
Seismology 23 × 13 7.2 (4.3) This study

aThe values of thickness are the maximal value and average value in parenthesis.
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cross section in Figure 8a), where away
from the center the determined
thicknesses are normally smaller. The
mean teleseismic traveltimes residual
at the center of the Lisan salt diapir
is �0.03 s (west of borehole NRA 3,
Figure 7), thus suggesting that the
maximal thickness of the salt layer is
7.2 km. The picking error is estimated
to be less than 0.02 s, which suggests
a thickness error of about 80m.
This value is comparable with the
maximum value of 7.1 km of Al-Zoubi
and ten Brink [2001] near NRA 3 and
8 km of Choi et al. [2011]. The thickness
in the other parts of the Lisan salt
diapir is not uniform, varying between
3.6 km and 5.8 km with an average
thickness of 4.3 km, except for a high
value of 6.8 in the northern part of the
diapir just south of the Ein Gedi fault,
and low values of 2.6 km and 2.8 km
near the Bokek fault. The average
thickness is smaller than the estimates
of 5.5 km and 5–6 km of Choi et al.
[2011] and Meqbel et al. [2013],
respectively (see Table 2).

In a similar manner we can estimate the
thickness of Mount Sodom salt diapir.
Sodom salt diapir is significantly
smaller than the Lisan salt diapir.
Gardosh et al. [1997] and Ginzburg et al.
[2006], using measurements at Sodom
Deep 1 borehole and reflection
studies, suggested that the diapir may
stem from a salt layer that is located
at a depth of 5–6 km with thickness of
less than 1 km. Based on the observed
seismic activity at Mount Sodom,
Hofstetter et al. [2012] reported that the
entire structure is relatively shallow
with no deep roots. The diapir is
surrounded by the Amiaz plain and the
southern Dead Sea basin on the

western and eastern sides of Sodom salt diapir, respectively, are composed of light and slow sediments
(see stratigraphic sections in Stein [2001], Bartov and Sagy [2004], Ben-Avraham et al. [2008, and references
therein]). One can expect positive teleseismic traveltime residuals of 0.3 s or more for stations that are
located in the Amiaz plain and southern Dead Sea basin. In the DESIRE campaign only one station (IB22, see
Table 1) was operating near the center of the diapir with mean relative teleseismic traveltime residual
of 0.02 s suggesting a thickness of 6.2 km (Figure 8). The relative small residual value of 0.02 s rules out the
possibility that the upcoming rays were propagating in the Amiaz plain or southern Dead Sea basin.
Our result is comparable with the suggested thickness of Gardosh et al. [1997] and Ginzburg et al. [2006]
and larger than the thickness of 4 km as suggested by Choi et al. [2011].

Figure 8. (a) Thickness (kilometers) of salt layer in the Lisan and Sodom
diapirs as obtained from the mean relative teleseismic traveltime resi-
duals. Red numbers present local maximal thickness of the salt exceeding
5.5 km. The red solid line presents the location of a cross section of the
sedimentary section (right side) through the Lisan Peninsula and along the
N-S line in the dam in the southern Dead Sea basin. Dashed black lines in
the cross section present the sedimentary sequence of Figure 4, and solid
black line present the thickness in km of the salt diapir along the cross
section. See Figure 7 for more information; (b) residuals of Figure 8a are
presented by inverted triangles, where sizes are proportional to thickness.
Inverted triangles with black frame present local maximal thickness of the
salt exceeding 5.5 km.
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6. Conclusions

We study the structure of the Dead Sea basin and its neighboring regions using P and PKP wave relative
travel time residuals of 644 teleseisms, as recorded by the DESIRE portable seismic network. Based on
the teleseismic residuals our findings of the structure are as follows:

1. The Lisan Peninsula is characterized by relatively small teleseismic traveltime residuals of about 0.14 s, in the
latitude range of 31.22°N–31.37°N and at the longitude of 35.50°E, slowly decreasing toward the west.
The southern Dead Sea basin, south of the Lisan Peninsula in the latitude range of 31.05°N–31.15°N and
along longitude 35.45°E and continuing southward toward the Amaziahu fault, is characterized by the
largest positive teleseismic traveltime residuals reaching values of 0.4–0.5 s. The above mentioned
anomalies are consistent with thick layers of salt and soft sediments in the upper part of the upper crust
(Figure 3), respectively, as was shown in reports of the E-W, N-S and DESIRE WRR profiles [Ten Brink et al.,
2006; Mechie et al., 2009], and the receiver function analysis [Mohsen et al., 2011].

2. The mean teleseismic traveltime residuals, east of the southern DSB and the Lisan Peninsula, are negative,
having values in the range between �0.21 s and �0.53 s with an overall average of �0.35 s. West of the
DSB, at distances of up to 20km and along the margins of the northern and southern Dead Sea basins, the
mean teleseismic traveltime residuals are slightly more negative having values in the range between
�0.27 s and�0.58 s, with an overall average of�0.45 s. These observations are consistent with the report of
the DESIRE WRR profile [Mechie et al., 2009] and the receiver function analysis [Mohsen et al., 2011].

3. Using the teleseismic residuals we estimate the horizontal dimensions of the Lisan salt diapir to be
23 km×13 km at its widest and a maximal thickness of about 7.2 km. The thickness of the Mount
Sodom salt diapir is estimated as 6.2 km.

4. The changes of teleseismic traveltime residuals, in the stations on the dams of the evaporation ponds,
define the location of the Bokek fault south of latitude 31.171°N and north of latitude 31.154°N or about
31.16°N, in full agreement with the report of Braeuer et al. [2012b].

5. There are no stations located in the Dead Sea lake itself north of the Lisan Peninsula or north of the Ein
Gedi fault (Figure 5), which bounds the Lisan Peninsula on the northern side. However, based on the
teleseismic traveltime residual in the northernmost station in the Lisan Peninsula and the report of
Braeuer et al. [2012b], the Ein Gedi fault is probably located about 2 km north of the station or about
latitude 31.38°N.

6. The DESIRE project provided important and detailed information regarding the southern Dead Sea basin.
However, an extensive study of both diapirs is still needed involving many seismic stations which can
provide a more accurate determination of the physical dimensions of the salt diapirs.
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