
Variations of the... 1JKAU:  Earth Sci.,  vol. 15, pp.1-27 (2004 A.D. / 1425 A.H.)

1

Variations of the Crustal Structure of Arabia

T.A. MOKHTAR

Department of Geophysics, Faculty of Earth Sciences
King Abdulaziz University

P.O. Box 80206, Jeddah 21589, Saudi Arabia

Received: 19/1/2003     Revised: 23/9/2003      Accepted: 29/10/2003  

ABSTRACT.  Data from the broadband seismic stations deployed in Sau-
di Arabia during 1996 made it possible to study the variation of sur-
face wave dispersion of the Arabian plate as a function of azimuth.
Careful selection of the paths from earthquakes associated with the
boundaries of the Arabian plate was made, and the group velocities of
the fundamental mode of both Love and Rayleigh waves along these
paths were studied. Results show that the Arabian plate is character-
ized mainly by two different sets of similar group velocity curves that
are related to the two major geological units, the Arabian shield and
the Arabian platform. The group velocities along paths that traverse
the eastern, northeastern, and northwestern regions of Arabia are
found to be representative of the Arabian platform geologic province,
and are slower than those along the Gulf of Aqaba, the southeastern
and the southwestern paths, which in turn represent the Arabian shield
geologic province.

The group velocity data were inverted to obtain shear wave velocity
structure models of both the shield and the platform regions. Damped
least-squares inversions method that utilizes a differential rather than
stochastic damping was used to obtain smooth shear wave velocity
models. The resulting models are in good agreement with previous re-
sults obtained from tomographic inversion.

Introduction

The study of surface wave dispersion had begun independently by Love (1911).
Surface wave studies applied to understanding the structure of the earth date
from the 1930�s with the early work of Gutenberg and Richter (1936). The mod-
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ern era of surface wave dispersion research probably began with the studies of
Dziewonski et al. (1969) and Knopoff (1972). Most current dispersion studies
are little different from those in the 1970�s, excepting the utilization of more
powerful computers and algorithms, the vastly-improved instrumentation, the
better path coverage across most regions of interest, as well as the very high
quality digital seismic data.

The purpose of this study is to use data from a number of stations located on
the Arabian peninsula to characterize the seismic wave propagation across the
Arabian plate using very high quality broadband digital seismic data signals
from within the plate. The Arabian plate is characterized by diverse seis-
motectonic environments and plate boundaries (Barazangi, 1981). Very little is
known, however, about the characteristics and variations of its physical prop-
erties.

Most of the previous studies that are related to the crust of this plate are
based upon narrow band data such as those obtained from seismic refraction
profiles (e.g. Drake and Girdler, 1964; Blank et al., 1979; Healy et al., 1982;
Makris et al., 1984; Prodhel, 1985; Mooney et al., 1985; Mechie et al., 1986;
and Badri, 1991). The other main source of information for studying the crust is
the data from surface waves. Analysis of these data was either restricted to short
periods (e.g. Mokhtar et al., 1988) or consisted of narrow band surface waves
recordings of regional and teleseismic earthquakes (e.g. Niazi, 1968; Knopoff
and Fouda, 1975). These studies did not reveal details of the variations of the
crustal structure of the Arabian plate because the data used were insensitive to
variations in the seismic velocities of the crust.

Mokhtar (1987) and Mokhtar et al. (1988) used short period Rayleigh waves
recorded by a deep seismic refraction profile along a 1000 km line that traverses
the Arabian shield to invert for the shallow structure of the Arabian shield. It
was found that the shear wave velocity in the shield increases from 2.6 km/s to
3.4 km/s in the upper 400 m of the crust.

In addition, recent work using data from RIYD station and other WWSSN
stations in the region gave preliminary results about the nature of the shear
wave velocity structure of the crust (Seber and Mitchell, 1992; Ghalib, 1992;
and Mokhtar and Al-Saeed, 1994). Again,  only narrow band data were used in
these studies. The first attempt, however, to study the crust using data from
within the plate itself was that of Mokhtar and Al-Saeed (1994). They used data
records from RYD station, which lies near the middle of the Arabian plate. The
results of this study showed that the average shear wave velocity of the crust of
the Arabian shield is higher than that of the Arabian platform and is about 3.61
km/s for the upper crust and 3.88 km/s for the lower crust, and the total crustal
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thickness is about 40 km. The crustal thickness beneath the platform reaches
about 45 km, and its upper and lower crust velocities are 3.24 km/s and 3.4 km/s,
respectively.

Ghalib (1992) used dispersion data from earthquakes surrounding the Arabian
plate to invert for shear wave velocities using a two dimensional grid of 3º × 3º.
He concluded that the seismic velocity of the crust is highest under the shield,
but below 40 km depth it is lower than the rest of the plate. Ghalib (1992) also
presented maps showing the variations of the shear wave velocity beneath the
Arabian plate. Mokhtar et al. (1999) and Mokhtar et al. (2001) investigated the
group velocity distribution beneath the Arabian plate using tomographic in-
version of surface waves dispersion data to produce maps showing group veloc-
ity variations across the Arabian plate. Their results showed that systematic dif-
ferences were observed in the distribution of short period velocities between the
shield and the platform areas, with higher S-wave velocity in the shield area.

Dispersion of Surface Waves across Arabia

In this study, the group velocities of both Love and Rayleigh waves were
studied along several different path groups. Each single path consists of the sig-
ment of the great circle that transects the epicenter and the station used. Several
epicenters to receiver paths are considered. They can be grouped according to
their direction of propagation and the geological provinces traversed by the
great circle path into 6 different paths. These are the eastern, northeastern,
northwestern, Gulf of Aqaba, southwestern, and southeastern paths (Fig. 1).

A total of nine broadband temporary stations were deployed across the Ara-
bian shield to collect very high quality waveform data and the associated par-
ametric data describing the sources over a period of one year and three months
(Vernon and Berger, 1998). These stations consisted of STS-2 seismometers re-
cording continuously on REFTEK data loggers. The experiment was conducted
as an effort to locate the best sites with respect to properties of detection thresh-
olds and ground noise level. The data from these nine stations suggest the sites
in the Arabian shield to be among the best sites in the world and that they are
extremely quiet. The temporary deployment station codes, coordinates, and
names for the sites used are listed in Table (1).

Seismic data recorded by AFIF, HALM, RANI, RAYN, RIYD, and UQSK
stations for a number of earthquakes that took place in southern and north-
western Iran, northern Arabia, the Gulf of Aqaba, the middle and southern Red
Sea, and the Gulf of Aden were used. These events are listed in Table (2). The
paths were carefully chosen in order that the total or, at least, the major part of
the length of each path would lie within either the shield or the platform.



T.A. Mokhtar4

FIG. 1. Maps showing the six different propagation paths from the locations of the earthquakes
used in each path to the seismic stations at which data were available for these events.
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TABLE 1. Station codes, coordinate, and names for the sites used in the Saudi Arabian broadband
deployment (Vernon and Berger, 1998).

Station name Latitudeº Longitudeº Elevation (km)       Location in Saudi Arabia

   AFIF 23.9310 43.0400 1.1160        Afif
   BISH 19.9228 42.6901 1.3790        Bisha
   HALM 22.8454 44.3173 0.9300        Hadabat Al-Mahri
   RANI 21.3116 42.7761 1.0010        Raniyah
   RAYN 23.5220 45.5008 0.7920        Ar-Rayn
   RIYD 24.7220 46.6430 0.7170        Riyadh
   SODA 18.2921 42.3769 2.8760       Al-Soda
   TAIF 21.2810 40.3490 2.0500       Taif
   UQSK 25.7890 42.3600 0.9500       Uqlat as Sugur

TABLE  2. Parameters of the earthquakes used in this study.

Date Origin time Hypocenter

Y M D H M S Latitudeº Longitudeº H Magnitude
(km) mb

1995 12 31 10 53 00.92 29.42 52.38 33 4.30
12 31 11 56 39.55 29.39 52.44 33 4.70

1996 01 02 19 14 40.76 28.71 34.30 10 4.60
01 03 08 42 25.75 38.99 48.72 56 5.40
01 03 10 05 28.60 28.71 34.94 10 5.00
01 04 10 31 41.73 32.13 49.44 33 4.80
01 04 14 24 41.59 28.69 34.76 10 4.40
01 04 15 28 36.61 35.46 39.56 10 4.60
01 04 16 25 32.47 28.69 34.71 10 4.30
01 04 17 22 39.56 28.72 34.74 10 4.30
01 04 17 34 48.22 28.68 34.68 10 4.30
01 06 07 36 09.48 28.89 34.94 10 4.40
01 08 13 18 25.08 29.25 34.73 10 4.40
01 14 20 05 24.09 36.59 51.15 33 4.00
01 18 21 14 34.80 10.11 56.71 24 5.10
01 24 05 28 07.41 29.50 51.02 44 4.50
01 24 06 05 26.03 29.36 51.01 34 4.50
01 25 18 05 21.51 29.30 51.01 48 4.70
01 26 13 11 13.85 29.34 51.01 33 4.60
01 26 19 01 28.73 28.75 52.38 33 4.40
01 28 08 43 16.36 34.27 46.46 33 4.90
02 20 08 36 46.71 15.77 39.21 33 4.50
02 21 04 59 53.45 28.88 34.75 22 5.40
02 26 07 17 28.31 28.73 34.82 23 5.00
02 26 08 08 19.20 28.28 57.06 32 5.50
03 07 10 03 54.48 13.43 49.69 10 4.20
03 08 01 48 56.29 28.06 51.95 33 4.10
03 13 08 05 30.01 28.87 51.61 33 4.00
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03 14 21 47 58.86 14.74 55.74 10 5.20
03 16 20 18 33.05 29.32 51.03 33 4.30
03 16 20 21 41.59 29.41 50.89 33 4.00
03 18 03 11 42.71 29.48 51.01 33 4.00
03 20 01 54 53.76 28.40 51.41 41 3.90
03 20 11 48 41.74 36.91 36.01 10 3.90
03 20 22 24 04.48 29.47 50.99 33 4.50
03 23 04 02 11.37 28.88 52.77 33 4.30
03 27 03 33 47.75 28.74 52.00 33 4.00
03 28 07 28 28.12 11.92 57.81 10 5.80
03 28 19 24 00.23 13.29 50.76 10 4.30
03 28 19 27 12.23 13.31 50.72 10 4.50
03 31 15 12 16.82 29.66 50.62 10 4.30
03 31 16 02 06.07 32.05 49.47 33 4.30
03 31 21 13 28.20 29.77 50.51 36 4.10
04 01 14 20 52.77 29.50 50.83 33 4.20
04 01 16 51 40.44 29.68 50.68 33 4.20
04 02 10 41 24.28 29.43 51.71 33 3.90
04 07 05 57 52.75 15.70 42.33 10 4.10
04 08 02 20 43.51 38.23 38.98 10 3.80
04 09 17 38 23.61 28.17 56.86 33 4.00
04 10 21 50 43.05 28.13 56.74 33 4.70
04 11 20 00 12.24 32.49 49.03 33 3.80
04 15 14 10 42.58 26.59 54.38 33 4.00
04 18 20 13 04.50 27.86 56.87 33 4.00
04 20 18 30 28.23 28.06 51.87 33 4.00
04 22 14 42 32.38 39.17 47.37 29 5.00
04 26 15 02 59.37 27.57 55.94 33 3.90
04 30 03 41 41.24 15.29 42.05 10 4.00
04 30 17 36 09.03 15.30 42.06 10 4.10
05 01 11 45 20.60 15.45 41.99 10 4.30

1996 05 02 23 12 17.41 15.35 42.05 10 4.30
05 03 17 04 07.53 16.17 42.48 10 3.90
05 05 20 42 17.48 15.46 41.92 10 4.40
05 06 10 18 11.02 32.79 48.70 33 3.80
05 18 20 10 22.74 34.48 47.68 33 3.80
06 05 13 13 16.23 35.82 35.66 10 4.60
06 16 02 46 00.14 12.07 43.89 10 4.40
06 16 04 57 23.68 12.03 43.79 10 4.20
06 18 08 11 05.73 39.16 45.80 51 4.70
06 18 23 44 11.34 36.14 35.86 10 4.40
06 19 00 18 02.17 36.11 35.91 10 4.70
06 19 07 07 59.83 39.12 45.94 33 3.90

TABLE  2. Continued.

Date Origin time Hypocenter

Y M D H M S Latitudeº Longitudeº H Magnitude
(km) mb
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06 23 02 16 41.47 12.24 46.76 10 4.20
06 23 15 41 36.10 14.69 54.35 10 4.60
06 30 07 40 00.26 39.00 40.64 10 3.90
07 01 08 14 46.86 28.29 52.26 33 4.30
07 12 19 52 28.32 14.40 53.63 10 4.60
07 15 19 31 45.55 33.06 49.84 33 4.40
07 16 08 40 46.62 32.92 47.95 33 4.10
07 16 16 46 16.68 32.67 47.77 33 4.20
07 17 22 12 17.88 37.51 49.84 33 4.30
07 18 14 27 57.79 31.26 55.59 33 4.00
07 19 02 28 49.37 39.82 54.08 33 5.00
07 31 18 46 11.76 19.08 39.16 10 4.10
08 06 20 27 19.63 27.68 53.01 33 4.80
08 12 23 58 08.28 28.14 51.79 33 4.20
08 18 21 20 10.29 13.06 57.94 24 4.10
08 24 05 15 56.33 31.46 51.01 33 4.40
08 25 00 53 08.93 32.65 48.08 33 4.40
08 25 14 17 08.28 35.96 52.95 33 4.40
09 02 02 59 04.09 11.62 43.67 10 4.30
09 05 04 17 16.20 18.95 39.26 10 4.80
09 06 12 36 56.20 27.81 52.42 33 4.50
09 15 02 21 10.43 29.04 35.00 10 4.20

Group velocities of the fundamental mode of both phases were determined
along each path used. The two horizontal components (northern and eastern
components) were rotated to obtain the transverse components to determine the
Love wave dispersion. The vertical components were used to study Rayleigh
waves dispersion. The instrument response was removed from the data and each
trace was filtered using band-pass filter to corner frequencies 0.01-1.0 hz.

Examples of the vertical, transverse, and radial components of the filtered
seismograms used are shown in Fig. (2). This example represents the record of
the event that occurred on January 4, 1996 at 10H, 31M, and 41.73S (Table 2).
The multiple filter analysis technique (MFT) developed by Dziewonski et al.
(1969) was used to determine the fundamental mode group velocity dispersion
along each single path. A narrow band-pass filter was used to separate the spec-
trum of the fundamental mode from the other modes. The employed symmetric
Gaussian filter, H(ω), centered at ω = ωo, is defined as (Herrmann, 1973):

TABLE  2. Continued.

Date Origin time Hypocenter

Y M D H M S Latitudeº Longitudeº H Magnitude
(km) mb
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Where

and ωo and ωc are the filter center and cutoff angular frequencies, respectively.
The parameter α controls the filter bandwidth, and hence the filter resolution in
the vicinity of each ωo and velocity value. The result of filtering the input spec-
tra using the above Gaussian filter is a filtered time signal whose envelope
reaches a maximum at the group velocity arrival times. The envelope of the fil-
tered time history for a single mode is approximately:

where Uo refers to the group velocity, t is the time at which the Gaussian en-
velope has a maximum amplitude and is given by t = r/Uo, and r is the observa-
tion distance.

The envelope is searched for the occurrences of the largest value at each pe-
riod. Fig. (3) is an example of the output of the MFT analysis. Fig. (3a) shows
the fundamental mode spectral amplitude of Rayleigh waves obtained from
AFIF vertical component for the even shown in Fig. (2). The epicentral distance
for this event from AFIF station is 1106 km. Fig. (3) shows the group velocities
at each considered period. The peak spectral amplitude can be correlated to the
group velocity value in Fig. (3b). The normalized trace envelopes for each fre-
quency are contoured. At each filter frequency the resulting envelope is normal-
ized to a maximum of 1.0. Contours are drawn at the logarithmic levels of �0.5,
�0.4, �0.3, �0.2, �0.1, and 0.0. The contours represent the envelope of the maxi-
mum energy at the various periods as determined by the Gaussian filter of the
multiple filter analysis. A band-pass filtered version of the inverse FFT of the
input spectra is displayed at the far right. Immediately to the left, the same trace
is plotted as amplitude versus apparent velocity. This will make it possible to
correlate the group velocity contour values to the trace itself.

As shown in the example of Fig. (3), the highest amplitudes of the funda-
mental mode spectral values are observed for periods between 5 and 20 sec-
onds. The amplitude decreases for higher periods until it reaches a minimum at
about 70 seconds period. The corresponding group velocities of the funda-
mental mode can be picked up from the group velocity plot for this period
range. However, the values for periods longer  than 60 seconds could not be
trusted due to their very low amplitudes. In general, the period range for which
there are reliable observations for the epicentral distances considered is less
than 60 seconds.
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FIG. 3. An example of the output of the MFT performed on AFIF vertical component for the
event shown in Fig. (2). (a) The amplitude spectrum of the analyzed seismogram. (b) The
group velocity contours and the group velocity of the fundamental mode Rayleigh waves.
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Shear Wave Velocity Inversion

The purpose of inversion is to extract information, which involves the estima-
tion of the physical parameters of a postulated model from a set of observations.
Typically, the linear least squares problem is presented according to the fol-
lowing formulation:

Y = Ax + ε

Where Y is an m × 1 vector of observations, A is an m ×  n coefficient matrix
which relates the model parameters to observations, x is an n × 1 vector of un-
known model parameters, ε is an m × 1 vector of residuals  that compensates for
the differences between observed and theoretical values. The least-squares solu-
tion of the above inverse problem is (Russell, 1987):

x = (ATA + γ2I)�1ATY

Where the superscript T indicates the transpose of A, I is the Identity matrix,
and the damping factor γ is a scalar variable to control the instability of poorly
constrained problems due to the presence of singular values that approach zero.
In practice, solving the above equation is simplified by using the Singular Value
Decomposition (SVD) and the matrix (Lawson and Hanson, 1974).

Following Russell (1987) and as a computational approach to inversion, the
stochastic (Franklin, 1970) and differential (Twomey, 1977) techniques are usu-
ally used to control the instability of (ATA)�1 inverse matrix as a result of the
data vector Y not having enough precision to resolve the model parameters of x.
To demonstrate the difference between the two techniques, consider the fol-
lowing generalized expression for the damped linear least-squares method:

Where F is an arbitrary (n × n) matrix appended to the original least-squares expres-
sion. If F = I, as in stochastic inversion, equal weights are given to the elements of x
in order to constrain the norm of the solution vector and minimize the function.

In the case of differential inversion, F is constructed as an upper bidiagonal
matrix to constrain the norm of the solution vector gradient. A form of this first
order difference weighing matrix is
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The inverse of F is an upper triangular unity matrix and the minimization
function is 

|y � Ax|2 + γ2 |Fx|2

According to Russell (1980; 1987), the first order difference technique gave
the optimum solution for surface wave dispersion data. In addition, a single
layer starting model gave an unbiased solution to the data. Setting up the linear-
ized surface wave inversion problem involves perturbing Rayleigh and Love
wave shear velocity β, phase velocity c, compressional velocity α, and media
density ρ relative to the shear velocities of an assumed plane layered model. An
iterative approach can be used to invert for β, and the corresponding values of
α, and ρ can be calculated using Poisson�s ratio and the empirical relation be-
tween seismic velocities of rocks and density. On the grounds of the afore-
presented discussions, the differential inversion approach was adopted in the
present investigation.

The inversion of the group velocity data of both Love and Rayleigh waves
was performed in this study for each group of paths by using a model consisting
of a multilayered model over a half space. Thus, the shear velocity is inverted
for using a starting model that consists of several thin layers with varying thick-
ness and constant physical parameters. The thickness of the layers increases
with increasing depths. This will ensure that the inverted solution is unbiased by
the starting model. I used the model that consists of  P-wave velocity (α) of 8.0
km/s, S-wave velocity (β) of 4.6 km/s, density (ρ) of 3.3 gm/cm3, and Poisson�s
(σ) of 0.25 ⋅ σ is fixed, while, α, β, and ρ are allowed to vary during the in-
version. Several iterations are performed in which the velocity model is updated
after each iteration. The inversion process is terminated when the observed dis-
persion is well matched by the theoretical curve calculated from the inverted
model. Fig. (4) illustrates the average group velocities of Love wave and Ray-
leigh wave fundamental modes (LF and RF, respectively) for the six chosen
propagation paths. 

Fig. (5) presents the inversion results of the shear wave velocity models plot-
ted for the 6 different paths. Except for the Gulf of Aqaba path model, the ve-
locity increases rapidly from near the surface downward  to about 5 km depth in
all other models. The rate of increase of velocity decreases at depths below 5
km. Fig. (6) presents a comparison among the inverted models for all 6 paths.
The most striking feature in this comparison is the systematically higher veloc-
ity of the upper crust (0-20 km depth) beneath the Gulf of Aqaba, southwest,
and southeast paths relative to those of the east, northeast, and northwest paths.
This result agrees well with the tomographic inversion results obtained by
Mokhtar et al. (1999) and Mokhtar et al. (2001). As far as the near surface de-
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FIG. 4. The average group velocity of Love waves fundamental mode (LF), and Ryleigh waves
fundamental mode (RF) for the six different propagation paths used in this study. The
lines represent the fitting of the observation using the theoretical dispersion calculated
from the inverted models in Fig. (5).
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FIG. 5. Inverted shear wave velocity models for the different propagation paths used in this study.
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FIG. 6. Comparison amongst all six models of Fig. (5).
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crease of velocity along the Gulf of Aqaba path is concerned, the uncertainties
of the data in the short period range do not permit drawing any conclusions
from the inverted model.

In order to obtain a simple inverted model for the two geologic provinces,
two average dispersion data sets were constructed. Fig. (7) shows the average
dispersion curves of both Love and Rayleigh waves of the shield constructed
from the data of Gulf of Aqaba, the southwest, and the southeast paths. Fig. (8)
presents the average surface wave dispersion of the Arabian platform based on
the data from the east, northeast, and northwest paths. The average dispersion
curves of both regions are compared with results from the previous study of
Mokhtar and Al-Saeed (1994). The group velocities of the Arabian platform in
the current study are slightly higher than those of Mokhtar and Al-Saeed
(1994). Comparable results are shown for the shield region. The quality of the
seismic singles and the increased number of events analyzed in the present
study give a greater weight to its findings over that of the previous study.

Each set of the average data sets was inverted independently. A single in-
version model has been reproduced for each region based on the average data for
each province. The inverted models are presented in Figs. (9) and (10). The Ara-
bian platform consists of the shelf area and the interior platform and sedimentary
basins. It covers about two-thirds of the Arabian peninsula and is located east of
the shield. The platform consists of Phanerozoic sedimentary rocks that un-
conformably overly the basement rocks and gently dip to the east towards the
Arabian Gulf (Powers et al., 1966). The average velocity of the shield upper crust
is systematically higher than that of the platform by about 11-13%. This differ-
ence is observed along the whole upper crust. On the other hand, comparable
hand, comparable shear velocity exists between 20 to 30 km. The bottom of the
lower crust shows again higher velocity below the shield than beneath the plat-
form; however, the difference is less profound in this case (4%). The resolving
kernels from the inversion process are also presented in Figs. (9) and (10). It is
obvious that the resolution of the data at hand diminishes rapidly below the upper
crust, while there is almost no resolution below the crust (below ~ 40 km).

Discussion and Conclusion

I have reported the results of a systematic study of broadband Rayleigh and
Love wave dispersion data across Arabia. I believe, and argue here, that this
study represents a significant contribution to the understanding of surface wave
dispersion across this peninsula.

There are three main reasons why I believe that this study represents a sig-
nificant improvement in the understanding of the dispersion of surface wave
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across Arabia. The first has to do with data used. This study is based on very
high quality broadband digital data from within the Arabian plate. Second, the
use of several sources and receivers combination for each single path covered
minimizes the effects of uncertainties of observational errors such as those of
origin times, epicentral locations, and finiteness of the source. Finally, the ob-
tained results provide a framework that can be used in future studies that would
require azimuthally derived velocity structure in the region for evaluating the at-
tenuation and anisotropy of surface waves in the region.

The main objective of this study is to improve our understanding of the seis-
motectonic environment of the Arabian plate by investigating the velocity crus-
tal structure of high frequency seismic wave propagation across the region. This
was accomplished by calculating surface waves fundamental modes group
velocity dispersion along 6 different  propagation paths, which are the eastern,
northeastern, northwestern, Gulf of Aqaba, southwestern, and southeastern
paths. The group velocities of both Rayleigh and Love waves were inverted
using a differentially damped least-squares inversion algorithm. The shear wave
velocity structures resulting from inversion confirm the previously determined
conclusions that the upper crust of the shield is systematically higher in its seis-
mic velocity than the Arabian platform.

The results of inversion are further compared with models prepared by
Mokhtar and Al-Saeed (1994). In order to enhance the resolution of the deep
structures and to be able to compared the gross features averaged over large
depth intervals, I have used each of the above inverted models with many thin
layers as a reference from which a simple model of the crust  was derived and
the inversion process was repeated using this simplified model. Since the sur-
face wave data have less control over the deeper structures, it would have been
desirable to fix the velocity of the upper mantle in the inversion process. How-
ever, for the purpose of comparing the results with those of Mokhtar and Al-
Saeed (1994), I followed their method of using the inversion to obtain the veloc-
ity of the upper mantle with less emphasis on the confidence of the solution at
depth. This comparison is presented in Fig. (11). Although there is in general
good agreement between the two studies, improvement is observed for the
shield model top 10 km in the present study. The new models indicate that the
crustal shear velocity of both regions is higher than previously estimated, and
that the velocity of the upper crust is higher in the shield than in the platform.
Similar velocity structures for the lower crust were obtained for both regions.
However, as far as the lower crust and upper mantle are concerned, the resolu-
tion of the data at hand would only permit  drawing conclusions to a depth of
about 30 km. Beyond 30 km, the resolution diminishes and the models could
only be cautiously interpreted for the lower crust as indicated before.
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The surface wave velocities in the Arabian shield model presented in this
study range from 2.3 km/s to 2.91 km/s in the upper 3 km (Table 3). These
values do not agree well with the results of Mokhtar (1987) and Mokhtar et al.
(1988). The reason for the lower velocities might be the fact that the data used
in the latter studies were those of a deep refraction profile that extended along
1000 km from Riyadh in the northeast to Farasan Island in the Red sea (south-
east). The high frequencies of the signal used from this profile permit good res-
olution of the very shallow structure and might have less control at depth. On
the other hand, the longer period of the data of the current study warrants re-
liable results for the near surface velocities. Also, the results presented in Table
(3) were obtained by averaging the dispersion data from three different paths,
while the velocities of Mokhtar (1987) and Mokhtar et al. (1988) were based on
a single profile and a single direction.

TABLE  3. Inversion models obtained from the average surface waves dispersion.

Arabian shield model Arabian platform model
Layer thickness Depth to the top of

Vp Vs Vp Vs(km) the layer (km)
(km/s) (km/s) (km/s) (km/s)

1 0 3.92 2.30 2.43 1.43
1 1 4.34 2.55 4.22 2.48
1 2 4.95 2.91 5.41 3.18
2 3 5.50 3.24 5.31 3.12
2 5 5.78 3.39 4.98 2.92
2 7 6.00 3.52 6.04 3.55
3 9 6.34 3.72 6.27 3.69
3 12 6.70 3.93 5.81 3.41
3 15 6.81 4.00 6.01 3.53
3 18 6.71 3.94 6.34 3.73
4 21 6.57 3.86 6.48 3.81
4 25 6.60 3.88 6.48 3.81
4 29 6.82 4.01 6.55 3.85
4 33 7.13 4.18 6.79 3.99
4 37 7.40 4.35 7.12 4.18
4 41 7.55 4.45 7.43 4.36
5 45 7.58 4.45 7.63 4.48
5 50 7.52 4.42 7.65 4.5  0
5 55 7.46 4.38 7.60 4.46
5 60 7.43 4.37 7.61 4.47
∝ 65 7.40 4.35 7.79 4.58

Furthermore, comparison of the inverted models with the models obtained
via wave form modeling by Rodgers et al. (1999) indicates that there is good
agreement between the models obtained for both the shield and the platform re-
gions (Fig. 12). In particular, the shield models show more or less similar shear
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velocity values and the high velocity in the upper crust is clearly modeled by
both studies. As far as the platform is concerned, Rodgers et al. (1999) prefer a
model in which there is little difference between the shear velocity of the upper
and lower crust. This does not agree well with the platform inversion results
which clearly show a slightly higher shear velocity for the lower crust and a
monotonic increase in shear velocity below 30 km. Although the surface waves
data used in both studies do not permit good resolution of the lower crust, fur-
ther investigations are needed to resolve this discrepancy. Ghalib (1992), how-
ever, presented detailed contour maps of the shear wave velocity structure in
Arabia. The values of the shear velocities at 35 km and 40 km depth beneath the
Arabian platform range between 3.9 and 4.1 km/s and 4.1-4.2 km/s, re-
spectively. These values agree well with the results of Mokhtar and Al-Saeed
(1994) and this study.
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