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Abstract 

The lithospheric structure of the eastern region of the Arabian Peninsula has been derived using the 
spectral analysis of intermediate period P-wave amplitude ratios. Sixteen earthquakes recorded at the 
intermediate 3-component DHR station during the period from 1986 to 1995 were selected for analysis based 
on the following criteria: focal depths with a range between 15 and 300 km, body-wave magnitudes greater 
than 5.0, epicentral distances with a range from 13° to 82°. 

By comparing the spectral peak positions of the observed and theoretical values, the thickness and 
velocity can be resolved within 3 km and 0.3 km s-I, respectively of the observed values. Earthquakes from 
the Eurasian plate, Japan and China show high cross-correlation ratios (> 85%) and events from the Arabian 
plate, gulf of Aqabah, Red and Mediterranean Seas indicate cross-correlation ratios between 60-84%. 

The derived crustal model is not unique due to the theoretical assumptions (horizontal layering, constant 
densities and velocities in each layer), quality of the data and complexities of the crustal structure. The model 
suggests that the crust consists of five distinct layers with a strong velocity gradient of about 0.05 km s-1 km-1 
in the upper crust and 0.03 km s-1 km-1 in the lower crust. The average results for several observations give a 
crustal thickness of 51 km and, a mean P-wave velocity of 6.2 km s-1. Depth to the crystalline basement is 
approximately 8 km which is in good agreement with values obtained by some oil wells in the eastern region. 
The Mohorovicic discontinuity indicates a velocity of 8.3 km s-1 of the upper mantle and 51 km depth. © 
1999 Elsevier Science Ltd. All rights reserved. 
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Since some epicentral distances are less than 30°, there are complexities and ambiguities 
in the appearance of the seismograms due to some phase interferences. Consequently, all 
seismograms were carefully checked and selected the clearest P-wave onset to avoid such 
complexities. 

3. Results and discussion 

The spectral technique used in this study requires assumptions to be made (horizontal 
layering, constant densities and velocities in each layer). The vertical velocity gradient is 
taken into the problem by making the model with many layers, beginning with constant 
velocities in each layer. 

The generation of the theoretical spectra requires an earth model. This paper started out 
with the previously determined two models for the western part of the Arabian platform. 
The first model (Badri, 1991) is based on 2-D ray path interpretation of travel time and 
wave amplitude ratios of the 1978 USGS seismic refraction data. He showed that the crust 
consists of four distinct layers approximately 41 km-thick under the Arabian platform. The 
upper crust has a P-wave velocity of about 5.9 km s-1 and is about 3 km thick. The second 
layer has a P wave velocity of about 6.2 km s-' and is about 7 km-thick. The third crustal 
layer has a Pwave velocity of about 6.4 km s-' and is about 16 km thick. The lower crust 
has a P-wave velocity of 6.8 km s-i and is 15 km thick. 

The second model (Al-Amri, 1998) was derived using the spectral analysis of long-
period Pwave amplitude ratios to investigate the crustal structure beneath the Arabian 
platform. His model suggests that the crust consists of five distinct layers with a total 
thickness of 42 km and a P-wave velocity of 8.2 km s-1 of the upper mantle. 

By adding a thick layer of 8 ± 1 km, and a P-wave velocity of 4.8 ± 0.3km s-' at the top 
of Badri's crustal model (1991), to check the reliability of the initial two models (Badri, 
1991; AlAmri, 1998). The results show a better cross-correlation for the 5-layer model 
rather than the 4-layer model between the theoretical and observed spectra. The 5-layer 
model has been tested to develop theoretical models to compare with the observed crustal 
transfer function of the 16 earthquakes, assuming no lateral variations and dipping in the 
velocity structure. Several theoretical models are obtained for each earthquake. The 
selection of the most suitable model was based on the identification of the theoretical 
model which exhibits the highest cross correlation coefficient with the observed transfer 
function ratio. 

The resolution of the spectral ratio method and the effect of different model parameters 
on the theoretical spectra were tested by first keeping the thickness of the first layers 
constant and varying the velocities. Then the velocities were kept constant but the 
thicknesses varied. Accordingly, our model assumes that the crust consists of five distinct 
layers approximately 51 km thick, with an average P-wave velocity of 6.3 km s-1. This 
model was derived by allowing both layer velocities and thicknesses of each crustal layer 
to vary ±0.3 km s-' and ±2 km, respectively until a theoretical model fitted the observed 
data. By comparing the spectral peak positions of the theoretical and observed values, the 
velocity and thickness can be resolved within 0.3 km s-1 and 3 km, respectively, of the 
observed values. Little changes had to 
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Mooney et al. (1985) mapped the basement surface beneath the sediments of the western 
section of Arabian platform and indicated that the offsets due to faulting are of the order of 
1000 m and maximum thickness of sediments obtained was about 1.75 km. Structural drills 
and reflection seismic data indicate that the sedimentary rocks on the Arabian platform are 
thick and unusually flat. However, several major north-south anticlinal axes above the level of 
the Arabian platform and some of the larger ones include important oil fields. The origin of 
the anticlines is uncertain, but there is reason to believe that they are related to some sort of 
horslike uplift at great depth (Powers et al., 1966). 

The crustal structure of the eastern platform seems to have a greater thickness than the 
western platform by about 5 km. Rodgers et al. (1999) reported that the platform paths are 
characterized by average sediment and crustal thickness of 4 km and 40 km, respectively. 
Results of surface wave group velocities and waveform modeling across the Arabian Peninsula 
(Rodgers et al., 1999) indicate that the Arabian platform can be modeled by two layers, the 
sedimentary sequence of the upper layer has an average thickness of 4 km and the average P-
wave velocity is 4.0 km s-1. The lower layer is 36 km thick with a velocity of 6.3 km s-1. The 
underlying upper mantle velocity is 8.1 km s-i and the crust-upper mantle boundary is at a 
depth of about 40 km. 

In comparing the derived crustal model of the western Arabian platform with other crustal 
structures, it is noted that the average crustal velocity (6.2 km s-) is faster than the average 
crustal velocity obtained by Mokhtar et al. (1992) for the Arabian platform (5.3 kin s-1). The 
upper crust has velocities in the range of 4.8-6.3 km s-1 with a stronger gradient of 0.05 km s-1 

km-1 down to 26 km depth and a weaker gradient of 0.03 km s-I km-1 for the lower crust 
between 26 and 51 km depth. Christensen and Mooney (1995) believe that low crustal 
velocities in the platform are consistent with a primarily felsic composition. 

4. Conclusions 

In spite of the non-uniqueness of the spectral analysis method, the present study provides 
essential information on the manner of specific crustal parameters of the easternmost part of 
the Arabian Peninsula to fill a gap of regional knowledge. Because of the great disparity of 
methods used in interpretation of crustal structure data, the comparison and discussion is 
restricted to that of crustal thicknesses and velocities in relation to the available geological and 
geophysical data. It should be noted that the identifications of clear-cut P-wave phases may 
not be possible for ground motions resulting from local or teleseismic earthquakes. Such 
uncertainty reveals the unwarranted peaks of the observed crustal transfer function ratio. 

Generally, the derived model suggests that the crustal thickness and velocity can be 
resolved within 3 km and 0.3 km s-1, respectively of the observed spectral values. The crust 
beneath the interior platform beneath Dhahran station consists of five distinct layers. The 
upper crustal layer has a P-wave velocity of 4.8 km s-1 and it is about 8.0 km thick. This 
velocity represents consolidated and unconsolidated sediments and varies in age from 
Cambrian to the Quaternary, with some unconformities (ARAMCO, personal 
communication). The second layer has a velocity of about 5.8 km s-I and 10 km thick, which 
may represent the upper crystalline basement rocks. The third layer shows a velocity of 6.3 km 
s-1 and 8 km thickness. 
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The fourth layer shows a P-wave velocity of 6.7 km s-1 and thickness of 13 km. The lower 
layer has a velocity of about 7.4 km s-1 and is 12 km thick. The Mohorovicic discontinuity 
beneath the easternmost Arabian platform indicates a velocity of 8.3 km s-1 of the upper 
mantle at 51 km depth. 

Further geophysical work (deep seismic refraction and gravity modeling) between Riyadh 
and Dhahran is needed to fully understand the lithospheric structure beneath the Arabian 
platform. 
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