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Based on passive seismic interferometry applied to ambient seismic noise recordings between station
pairs belonging to a small-scale array, we have obtained shear wave velocity images of the uppermost
materials that make up the Dead Sea Basin. We extracted empirical Green’s functions from cross-
correlations of long-term recordings of continuous data, and measured inter-station Rayleigh wave group
velocities from the daily correlation functions for positive and negative correlation time lags in the
0.1–0.5 Hz bandwidth. A tomographic inversion of the travel times estimated for each frequency is
performed, allowing the laterally varying 3-D surface wave velocity structure below the array to be
retrieved. Subsequently, the velocity-frequency curves are inverted to obtain S-wave velocity images
of the study area as horizontal depth sections and longitude- and latitude-depth sections. The results,
which are consistent with other previous ones, provide clear images of the local seismic velocity structure
of the basin. Low shear velocities are dominant at shallow depths above 3.5 km, but even so a spit of land
with a depth that does not exceed 4 km is identified as a salt diapir separating the low velocities associ-
ated with sedimentary infill on both sides of the Lisan Peninsula. The lack of low speeds at the sampling
depth of 11.5 km implies that there are no sediments and therefore that the basement is near 10–11 km
depth, but gradually decreasing from south to north. The results also highlight the bowl-shaped basin
with poorly consolidated sedimentary materials accumulated in the central part of the basin. The struc-
ture of the western margin of the basin evidences a certain asymmetry both whether it is compared to
the eastern margin and it is observed in north–south direction. Infill materials down to �8 km depth
are observed in the hollow of the basin, unlike what happens in the north and south where they are
spread beyond the western Dead Sea shore.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction a generic term for both low- and high-frequency components.
The shear wave velocity is usually measured in situ by means of
various invasive (borehole) or non-invasive techniques. Although
these techniques provide accurate and well-resolved values of
S-wave velocity (Badal et al., 2004) they suffer from several draw-
backs, such as increasing costs with required depth or only point-
wise estimates. In the last decades, passive seismic methods based
on surface waves have received considerable attention by the seis-
mologists. The success of these applications is explained by the fact
that the ambient seismic noise wavefield consists primarily of
surface waves (Campillo and Paul, 2003; Shapiro and Campillo,
2004; Wapenaar, 2004). The expression ‘ambient seismic noise’ is
Cultural activities are the source of high-frequency signals, also
called microtremors, whereas oceanic and atmospheric distur-
bances result in low-frequency signals or microseisms.

Since the beginning of this century the seismic interferometry
techniques have rapidly become popular in a variety of applica-
tions (see reviews by Campillo, 2006; Curtis et al., 2006; Wapenaar
et al., 2008; Schuster, 2009; Snieder et al., 2009). In particular, sur-
face wave tomography using ambient noise is a rapidly expanding
technique. The reason for its growing popularity is that it provides
significant advantages compared to conventional earthquake
tomography. It can be applied to regions with sparse or unevenly
distributed or even non-existent seismicity. It produces reliable
measurements at very low periods that are particularly difficult
using earthquakes or explosions due to scattering and attenuation,
which result in surface wave dispersion maps with high horizontal
resolution that can be correlated with features of the upper crust.
Another advantage of the ambient noise tomography over
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traditional earthquake tomography is the ability to estimate uncer-
tainties based on the repeatability of the measurements.

One of the most intriguing aspects demonstrated both theoreti-
cally and experimentally, is that a random, isotropic ambient noise
wavefield has correlations, which, on average, take the form of the
Green’s function of the medium, except for an additive phase factor
which does not affect the group velocity measurements (Rickett and
Claerbout, 1999; Lobkis and Weaver, 2001; Snieder, 2004; Wape-
naar, 2004; Sabra et al., 2005a; Sánchez-Sesma and Campillo,
2006). Between pairs of receivers, the Green’s function can be ex-
tracted from cross-correlations of long-time continuous records of
ambient seismic noise registered at both receivers, in turn allowing
an estimate of the propagation delay between the stations. The idea
of extracting coherent signal by cross-correlation of noise was ini-
tially applied to seismic waves in helioseismology (Duwall et al.,
1993). Weaver and Lobkis (2004) extracted Green’s function by
cross-correlating diffuse fields, and the response was favorably com-
pared to direct Rayleigh waves. This development led to Shapiro and
Campillo (2004) to cross-correlate vertical component records from
seismic station pairs in North America to obtain Rayleigh wave-
forms. Since then the technique has generated a lot of interest across
the globe; here we only cite some of the most relevant papers related
to different regions in the world: southern California (Sabra et al.,
2005b), Iceland (Gudmundsson et al., 2007), Baltic shield (Pedersen
et al., 2007), northern Italy (Marzorati and Bindi, 2008), southern
Africa (Yang et al., 2008), western United States (Lin et al., 2008),
China (Zheng et al., 2008), Tibet (Yao and van der Hilst, 2009), Alps
(Stehly et al., 2009), Australia (Saygin and Kennett, 2010), Mexico
(Gaite et al., 2012), western Iberia (Silveira et al., 2013).

However, although many authors are largely using seismic
noise to compute the empirical Green’s functions between stations,
we cannot lose sight that some theoretical and fundamental as-
pects are not well known nowadays. Theoretically, it has been
demonstrated that the cross-correlation of diffuse wavefields is
proportional to the imaginary part of the Green’s function. This
type of wavefield has some particular characteristics. For example,
diffusion-like regimes can be obtained when the wavefield is
generated by illumination with equipartitioned energy (Sánchez-
Sesma et al., 2008, 2011). Whereas seismic coda waves present a
diffuse behavior and their intensities decrease with time (Campillo
and Paul, 2003), up to now the consideration of the seismic noise
as a diffuse field is only a working hypothesis.

3D S-wave velocity images providing the local subsoil structure
are of interest for geophysical prospecting in general and for earth-
quake engineering in particular, also for monitoring purposes. In
this paper we present the seismic tomography of the Dead Sea ob-
tained by seismic interferometry (cross-correlation) based on
ambient noise and applied to recordings between station pairs
belonging to a small-scale array deployed to this end. It is about
a new study aimed to the migration of information from the fre-
quency domain to the depth domain. We extracted empirical
Green’s functions from cross-correlations of long-term recordings.
These functions contain Rayleigh waves whose group velocities are
calculated in the microseismic bandwidth 0.1–0.5 Hz. We mea-
sured travel times of Rayleigh waves propagating between station
pairs for different frequencies to later be inverted with the purpose
of providing independent group-velocity sections. We followed an
inversion procedure of Rayleigh wave velocity dispersion curves in
order to obtain accurate images of the Dead Sea in terms of S-wave
velocity at different depths.
2. The scenario and the data

The Dead Sea Transform, separating the African and Arabian
plates, is one of the world’s major transform faults. It extends for
more than 1000 km in an approximate N-NNE orientation from
the Red Sea Rift in the south to the Taurus-Zagros collision zone
in the north. Since its inception about 18 Ma ago, it has experi-
enced 105 km of lateral displacement (Quennell, 1958), being the
recent relative plate motion of 3–5 mm per year (Klinger et al.,
2000). Along its southern section, several basins of different sizes
are found (Garfunkel, 1981; Garfunkel et al., 1981; Reches, 1987).
The largest of them, about 150 km long and 15–20 km wide, is
the Dead Sea Basin (DSB). Located between the Araba/Arava fault
to the south and the Jericho fault to the north (Fig. 1a), it is one
of the largest such features on Earth (Kashai and Croker, 1987).
The longitudinal faults bordering the DSB are continuations of
the major strike-slip faults north and south of the basin (Garfunkel
and Ben-Avraham, 1996).

Following the success of the international multidisciplinary
geoscientific project DESERT (Weber et al., 2004, 2009), the DEad
Sea Integrated REsearch project (DESIRE) was launched in 2006,
focusing on the DSB. Among the experiments carried out in the
framework of the DESIRE project, 59 seismic stations were de-
ployed in the Dead Sea region from October 2006 to March 2008.
Most of the stations had short period sensors (1 Hz Mark L4 seis-
mometers), though some broadband seismometers (Guralp 40-T,
3-T and Streckeisen STS2) were also used. The data recorded by
broadband and short-period stations were digitized at 100 and
200 Hz, respectively. This network was designed with the main
objective of studying the crustal structure around the DSB by
recording local seismicity (Braeuer et al., 2009) and teleseismic
events and receiver function analysis (Mohsen et al., 2011). On
the topic at hand, continuous recordings over a period of months
are necessary for a correct analysis of ambient noise. Unfortu-
nately, not all locations had a recording station for the entire dura-
tion of the experiment, and there were a number of temporary and
permanent instrument failures and cases of vandalism. Further-
more, the distribution of array stations should have been as uni-
form as possible to avoid any bias or ill-posed condition, but this
rarely is so. After examining the quality of the recorded data we
chose 20 stations for the analysis (Fig. 1a). Many ray-paths sam-
pled the study area (Fig. 1b), thus minimizing the impact of diffrac-
tion-related errors and undesirable contributions coming from
outside velocity anomalies. Five months of data were used, from
May to September 2007.

Stankiewicz et al. (2012) have studied the ambient noise
sources affecting the Dead Sea through frequency-time analysis
and indentified the direction in which more energy is transmitted.
It was observed that for a number of station pairs the direction
from which the prominent signal arrived changed at a certain fre-
quency. Previously, Stankiewicz et al. (2010) had already seen a
similar reversal in Lake Toba, Sumatra. In our case this implies that
the noise sources have different dominant frequencies in different
directions. For station pairs separated in the north–south direction,
the direction of the incoming signal switches around 0.2 Hz, such
that lower frequencies come from the south, while higher frequen-
cies originate in the north. This allows argue that the noise origin is
most likely to be the Red Sea and the Mediterranean Sea, respec-
tively (see review on this topic in Yang and Ritzwoller, 2008).

In this study the cross-correlation integral is calculated for the
daily time series recorded at the 20 chosen stations, regardless of
other techniques for signal extraction (e.g. see Schimmel et al.,
2011). The success of the cross-correlation is due to waves which
are recorded at a station pair and which add constructively at lag
times that equal their propagation times between the station pair.
The daily cross-correlation of the noise vertical component sup-
plies the basic information from which we extract the Green’s
functions that lead to the Rayleigh waveforms traveling between
the two stations concerned. In absence of data recorded continu-
ously at a given station a day in particular (due to site maintenance
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Fig. 1. (a) Setting map of the Dead Sea area showing the location of the 20 seismic stations (triangles) used in this study. Symbols: AF, Araba/Arava Fault; JF, Jericho Fault; LP,
Lisan Peninsula. The inset shows the tectonic setting of the region. Station labeled as IS43 (to the north) is used as reference in Fig. 3. (b) Path coverage (straight lines) for
Rayleigh waves propagating between stations and transects taken as references for vertical cross-sections of the study area that are shown later in Fig. 8. Transect A–A0

crosses the study region from north to south, while transects B–B0 , C–C0 and D–D0 cross the Dead Sea from west to east.
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or instrument failure), the recorded data were discarded. An opti-
mized pre-processing of the signal not always is guarantee of more
reliable results; nevertheless, we carry out a series of operations
with this goal. Since we make use of broadband and short-period
stations simultaneously, we applied a Butterworth high pass filter
to all broadband recordings. This made the spectral responses of all
stations similar; without this step the cross-correlations of signals
from two different types of stations would be meaningless. Short
period data recorded at 200 Hz were re-sampled to 100 Hz with
the help of an antialising filter to be compatible with broadband
data. Furthermore, any instrumental error that adds a linear bias
to the record must be removed. Removing the mean of each daily
record prior to cross-correlation is necessary for accurately esti-
mating the amplitude of the signal. We divided the entire trace
by the highest (absolute) value of the waveform, thus setting the
amplitude to 1. If this normalization in time domain is not done,
when microseismic noise is detected, a daily trace from a day with
an earthquake will have much higher amplitude, and the cross-cor-
relation function of these traces will also be much higher, and the
stacking process will be contaminated by local and teleseismic
events if not by non-stationary noise sources near the stations. Gi-
ven that the ambient noise amplitude spectrum is not flat in the
frequency band of interest, we carried out spectral ‘whitening’ con-
sisting of dividing the full noise spectrum by the smoothed ampli-
tude spectrum. This operation results in that all frequencies have
comparable amplitudes, which reduces the effect of persistent
monochromatic sources (Villaseñor et al., 2007). In Fig. 2 we show
a flow chart that helps to understand at a glance the set of opera-
tions involved in the ambient seismic noise analysis.

For each available station pair, the resulting correlation function
is a two-sided time function with both positive and negative corre-
lation lags, which effectively describes the two directions in which
signal travels between stations. Fig. 3 shows the cross-correlation
of the signal recorded by station IS43 with all other stations, with
seismic energy arriving at the time expected for surface waves. We
stacked the daily correlation functions for each station pair to im-
prove the signal to noise ratio.
3. Group velocity variation at different frequencies

After stacking the daily correlations to the desired number of
days, the frequency dependent group velocities of the arrivals were
calculated using frequency-time analysis (Ritzwoller and Levshin,
1998). We filtered each Green’s function with progressively higher
frequency range and computed the envelope of each resulting fil-
tered trace. We then plotted these envelopes all together, as well
as the arrival times across the frequency spectrum using prede-
fined conditions regarding the theoretically possible velocities
and the prominence of the arrival. Measurable Green’s functions
were observed in the frequencies between 0.1 and 0.5 Hz. Coherent
arrivals could only be detected in this frequency range. We really
did try to get as much information as possible, but are limited by
the frequencies in which the noise is actually generated, as well
as the instrumental response.

Travel times of Rayleigh waves between station pairs were
measured at different frequencies within the range of interest, to
then be inverted tomographically and so obtain group velocity var-
iation for each frequency. To this end, we gridded the sampling re-
gion and we determined the slowness on each grid cell by
tomographic inversion (Chen et al., 2010). We performed 2D inver-
sions using different grid sizes. The models did not change signifi-
cantly when other meshes of similar grid sizes were used. The
results presented here were calculated on a 0.15� � 0.15�-sized
grid. Fig. 4 shows the surface wave group velocity patterns ob-
tained for different frequencies: 0.1, 0.2, 0.32 and 0.5 Hz. Rayleigh
waves of different frequencies have different group velocities due
to the fact they sample different depths, with lower frequencies



Fig. 2. Set of operations involved in the ambient seismic noise analysis (flow chart).

Fig. 3. Emergence of Rayleigh waveforms in the stacks of daily cross-correlations of
the signal recorded by station IS43 with all other stations, plotted against the
distance between stations. Straight lines show where arrivals corresponding to
velocities between 1.0 and 3.5 km/s would be expected.

Fig. 4. Surface wave group velocity patterns obtained for different frequencies: 0.1,
0.2, 0.32 and 0.5 Hz.
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penetrating deeper into the crust. The 0.5 Hz frequency samples
the uppermost �2 km, while the 0.1 Hz signal penetrates down
to �12 km.
4. Inversion of group velocities

Although the relationship between Rayleigh wave frequency
and sampling depth is quite informative, the fact is that it is not
straightforward. Hence our interest in inverting the velocity-fre-
quency curves to obtain shear velocity-depth models and further
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tomographic images of the study area, which will be displayed as
horizontal depth sections and vertical sections.
4.1. Inversion approach (implementation)

We start with an initial velocity model without low-velocity
layers that consists of a homogeneous half-space with constant
shear velocity of 3.2 km/s. The velocities in this reference model
are set to be larger than those plausible and the number of layers
and depths to boundaries between them are inputs for computa-
tion. Therefore the initial model neither resembles nor reflects
the actual structure.

We used a damped least-squares approach (Aki and Richards,
1980; Dimri, 1992) to invert group velocity dispersion. In this con-
text, the best damping factor for implementation is determined
from the trade-off between resolution and covariance. That is,
the optimum damping factor is the one that offers higher resolu-
tion and lower covariance simultaneously. In Fig. 5 we have plotted
the trade-off between resolution and covariance for different
damping. We chose s2 = 0.0005 as the optimum value for damping,
in which case the covariance does not exceed 0.0004 km2/s4 and
the resolution is very close to 0.5. As the biggest error affecting
the surface wave travel times never exceeds 0.5 s (because of the
very short distances travelled by the waves), then the error made
in the determination of depth-dependent shear velocity is in any
case less than 0.01 km/s (sqrt (0.25 ⁄ 0.0004)).

The initially assumed model is updated at each step of inversion
so that the variance between observed and calculated group veloc-
ity is computed to check the convergence of the process. The
procedure is repeated until the difference between the new shear
velocity values at a specified grid node and the shear velocity val-
ues computed in the previous step converges to a minimum rms
deviation in shear velocity of less than 0.001 km/s and a residual
dispersion fitting of less than 0.02 km/s. The convergence of the
process requires no more than fifteen successive iterations.
4.2. Variance reduction (reliability)

Fig. 6 shows an example of period-dependent surface wave
velocity at the grid point of latitude 31.275�N and longitude
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Fig. 5. Trade-off between covariance and resolution when using different damping
factors for inverting Rayleigh wave group velocity dispersion.
35.475�E, together with the best-fitting shear-wave velocity model
obtained by inversion. The model that gives the least variance be-
tween observed and calculated group velocity is considered as final
model at the target grid node. In Fig. 6a we compare the observed
Rayleigh group velocity dispersion with the theoretical dispersion
computed by forward modelling from the final velocity model, and
we can see an excellent coincidence between both curves. In
Fig. 6b the final shear velocity model appears completely differen-
tiated from the initial model, as expected. The error bounds in
shear velocity are indeed very small (in the third decimal place)
and are not plotted in the velocity-depth models, as they are not
visually relevant for further comparisons.

4.3. Resolving kernels (quality)

The kernels (rows) of the resolution matrix of the inverse prob-
lem were calculated at various depths and reference grid points to
illustrate the quality of the solution, since they are a measure of the
accuracy achieved when the solution is calculated at a target grid
node. In Fig. 6c we show the resolving kernels for the S-wave veloc-
ity model plotted in Fig. 6b. The kernels computed for other target
nodes and short wavelengths are of similar quality. The sharper the
peak of the kernel with respect to the baseline at each depth, the
better the agreement between the final and actual models, and
hence the greater the reliability of the inversion result. In our case,
the Rayleigh waveforms transmitted by ambient seismic noise
allow us to resolve down to �11 km depth.
5. Tomographic images and basin structure

The 3D seismic velocity structure of the Dead Sea is displayed
by: (a) S-wave velocity maps at various depths above the reliable
depth interval for short-period Rayleigh waves (Fig. 7); (b) S-wave
velocity cross-sections along a north–south profile A–A0 and three
west-to-east profiles B–B0, C–C0 and D–D0 (Fig. 8). These latitude-
and longitude-depth sections cross the northern, middle (Lisan
Peninsula) and southern parts of the Dead Sea, respectively
(Fig. 1b). Owing to the ray coverage near the basin edge, non-
uniqueness of the solution, smoothing introduced at different
stages of the inversion process and possible (although small)
smearing effects, all of them constraints which plague the inver-
sion process of waveforms, we make reference only to velocity
variations on a limited scale and the main features of basin
structure.

5.1. Horizontal slices

Fig. 7 shows tomographic images of the DSB as horizontal slices
at six sampling depths, and thus together giving an overview of the
velocity variation in 3D extending to a depth of 11.5 km. This is the
deepest than can be resolved with the available frequency range
that characterizes the Rayleigh waveforms used. Reliable maps
for shallower depths would require a greater number of seismic
stations, better azimuthal path coverage, shorter ray paths, i.e.
smaller interstation distances or spacing and higher sampling rate;
maps for deeper depths would require a greater penetration of the
waves and therefore longer periods, and longer ray paths in order
to enhance the signal-to-noise ratio.

The models here presented reveal shear velocities ranging be-
tween 1.8 and 3.0 km/s and gradually increasing as the depth in-
creases. The lowest speeds are found at a sampling depth of
1.5 km and dominate the whole DSB; more precisely, the north-
ern third of the Dead Sea area shows speeds between 2.3 and
2.8 km/s (although this part that lies northernmost was not well
probed by the waves), while the southernmost two-thirds show
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Fig. 7. Horizontal depth sections of the Dead Sea area computed for depths 1.5, 3.5, 5.5, 7.5, 9.5 and 11.5 km.

J. Badal et al. / Journal of Asian Earth Sciences 75 (2013) 26–35 31
speeds from 1.8 to 2.2 km/s. In particular, a zone emerging south
of the Lisan Peninsula at �31.1�N is featured by so low velocity
as 1.8 km/s. A similar velocity pattern can be seen at 3.5 km
depth, although not so low values as before. However, now it is
more evident a spit of land with speed 2.4 km/s, that starting
from the small peninsula at �31.3�N takes southwest direction
and separates two low velocity zones on both sides north and
south. This formation is the response to a concentration of low
fluid content mass identified as the Lisan salt diapir (Stankiewicz
et al., 2012), which separates the low velocities associated with
sedimentary infill on both sides of the peninsula (at �31.1�N
and 31.45�N). The depth of this formation does not exceed
4 km, what seems agree with an early estimation by Garfunkel
and Ben-Avraham (1996).

Moving away from the low-velocity zone, velocity increases
rapidly to the east and west, and a bit more gradually northward
and southward reaching values of 2.6 and 2.8 km/s on each side,
respectively. At a depth of 5.5 km, even with similar shear-velocity
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variation pattern, the velocities of the basin are already found
above 2.3 km/s everywhere, with the exception of a remnant
low-speed of 2.2 km/s in the same zone south of Lisan. This
scheme, with similar lateral velocity changes, is kept at least to a
depth of 9.5 km, from which speeds between 2.8 and 3.0 km/s
already are a common feature for the whole area.
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11.5 km depth. Being this change in velocity common to all the ba-
sin, the lack of a low velocity at this last reference depth means
that there are no sediments and therefore that the basement in
the DSB is at a depth near 10–11 km (at least in a large part of
the basin), that still is a depth sampled by the surface waves.
5.2. Cross-sections at prefixed longitude and latitudes

Fig. 8a displays an overall view of the DSB along a north–south
100 km-long profile, from 30.9�N to 31.8�N, which includes the
changes in shear velocity both laterally and with depth. The image
reveals a suite of crustal layers with laterally varying speeds and
gradually decreasing depths from south to north, above all in the
northern third of the basin. A clear uplift is observed halfway of
the profile coinciding with a slight elevation of the Dead Sea bot-
tom, which can be attributed to the upthrust of the diapiric salt
mass mentioned above. The basement in the DSB, represented by
the isoline of �2.8 km/s, can be now set at a depth of �11 km
along the 30 km further south; this depth becomes about
8–9 km at latitudes from 31.24�N to 31.32�N approximately, and
then increases up to the same values that before, and from
31.47�N decreases continuously northward where speeds of up
to 2.9–3.0 km/s appear at depths so shallow as 2–4 km. The
remaining layers fit this same pattern with a horizontal velocity
gradient so that the layer speeds are each time greater as we move
northward. An evident dissimilarity is observed in the southern
third of the basin with respect to the rest of it: sediments with
speed so low as 1.8–1.9 km/s and above the depth of 3 km are
found at latitudes that do not exceed �31.23�N, just south of the
Lisan salt diapir (this feature is also highlighted in the horizontal
slices at 1.5 and 3.5 km depths).

Fig. 8b–d enable seeing three sections of the DSB at prefixed lat-
itudes from north to south. The respective S-wave velocity patterns
show clearly the bowl-shaped basin, the north–south variation
in the inner velocity structure of the basin as well as the
smoothly changing depth of the basement. Pure sedimentary infill
(2.0–2.2 km/s) is present at depths not exceeding 3 km west of the
northern part of the Dead Sea (Fig. 8b), and hardly 2 km west of the
middle part of the basin (Fig. 8c), but also infill occupying a great
part of the bowl (Fig. 8d). Very poorly consolidated sedimentary
materials (2.1–2.2 km/s) are accumulated in the central part of
the basin (especially with greater thickness to the south),
which is also containing a bigger sediment deposit (speeds of
2.4–2.6 km/s) in comparison with the materials (2.7–2.8 km/s) in
the basin edges and beyond (Fig. 8b–d).

The cross-section imaged in Fig. 8c goes through the Lisan Pen-
insula and illustrates the seismic velocity structure of the DSB at
that latitude. Velocities of about 2.5–2.6 km/s are viewed down
to a depth of �8 km, filling completely the basin hollow, unlike
what happens in the north and south where these speeds are
spread beyond the western Dead Sea shore. The somewhat more
complex structure of the western margin of the basin evidences
a certain asymmetry both whether it is compared to the eastern
margin and it is observed in north–south direction (Fig. 8b–d).
6. Brief discussion

We have regarded the low-velocity seismic signature in the DSB
as the contrast element to set the basement of the basin, just
where the vertical velocity gradient is more pronounced and speed
increases significantly. The poorly consolidated materials having a
low-velocity regime are interpreted as sedimentary infill associ-
ated with the formation of the basin. The results highlight an
undulating basement at a depth close to 11 km, after 8–9 km, again
about 11 km and finally at gradually decreasing depths as we move
northward. This structural model is consistent with the P-wave
velocity model derived from wide-angle seismic data by Mechie
et al. (2009) for the southern DSB. These authors observed low
velocities in the DSB down to depths of �8 km; although the seis-
mic basement was set at a depth of 11 km in relation to older and
more compacted materials underlying the sedimentary infill. In
turn, the basement depths are consistent with those determined
from teleseismic P-wave tomography and gravity data by
Hofstetter et al. (2000) and in earlier seismic studies (Al-Zoubi
et al., 2002; Ten Brink et al., 2006).

Since salt comparatively exhibits higher seismic velocity
(Ezersky, 2006), a spit of land at �31.3�N is identified as a diapiric
formation, the Lisan salt diapir, which separates the low velocities
associated with the sedimentary infill on both sides north and
south of the basin. The estimated depth of this formation is
about 4 km (Figs. 7 and 8a) in agreement with Garfunkel and
Ben-Avraham (1996). The less compacted material is always found
in the central part of the DSB that encloses the poorly consolidated
sediments along nearly 100 km long of the basin. Still more, the
younger and most weathered sediments are around a narrow
north–south band occupying just the central portion of the basin
(Fig. 8b–d).

The extension of the low velocity zones westwards from the
Dead Sea shore (Fig. 8b and d) is also reflected by the different
faulting style on both borders of the basin caused by the transten-
sional deformation within the last 5 Myr. While the eastern margin
of the DSB is formed by relatively simple dip-slip and strike-slip
faults that separate the basin from the elevated Arabian Plate
(Quennell, 1958), the structure of the western margin, a �5 km
wide belt, reflects normal faulting and is more complex (Zak and
Freund, 1981; Sagy et al., 2003). These authors estimate the cumu-
lative vertical displacement at 10 km or more. Gravity modeling
(Ten Brink et al., 1993) confirms the asymmetrical shape of the ba-
sin, though it suggests that sediments are found off the western
coast of the Dead Sea to depths not exceeding 5 km.

Recently, local earthquake data from a temporary seismic
network installed in the southern Dead Sea area have been used
to obtain the distribution of the P-wave velocity and the VP/VS ratio
(Braeuer et al., 2012). The basin fill also shows an asymmetrical
structure but now with an average depth of 7 km at the western
boundary and between 10 and 14 km at the eastern boundary. This
discrepancy, even keeping the shape and general features of the
basin, may be due to the different sampled area (southern Dead
Sea area versus the whole basin), the nature of the dataset used
in each case (P- and S-arrival times versus Rayleigh wave travel
times for positive and negative correlation time lags), and also to
the working method applied (local earthquake tomography versus
passive seismic interferometry). Even so, it is a point of controversy
worthy of being studied more carefully.
7. Concluding remarks

The feasibility of the cross-correlation technique, when applied
to ambient seismic noise recorded daily between station pairs
belonging to an array in the Dead Sea region, has enabled us to
extract surface waves in the secondary microseismic bandwidth
0.1–0.5 Hz and then achieve an accurate view of the seismic
velocity structure of the Dead Sea Basin in all its extension. The
results presented here depict a bowl-shaped basin containing
sediment infill (lands of very low velocity) down to 4–5 km depth
in the southern third of the basin and only 2 km in its middle
third, with decreasing trend northward. Below this sediment shal-
low layer, materials a bit more consolidated (though still of low
velocities) and with the same trend are found at depths of up
to 11 km in the southern half and 8 km in the northern half.
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The rapid transition to a higher velocity regime is interpreted as
the basement, which is found at a depth close to 11 km in the
south for then decreasing gradually northward. Being true that
sedimentary infill is occupying the most part of the depression
and is accumulated in its central part, however the basin shows
a clearly asymmetrical structure with sedimentary materials
above 10 km unevenly distributed on its western margin and be-
yond the Dead Sea shore in contrast to shallower sediments on its
eastern margin.
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