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ABSTRACT

In order to decipher the character and pattern of regional seismic phase propagation we have continued to

compile a large data set of regional and local seismograms recorded in the Middle East.  We have mapped zones

of blockage, inefficient, and efficient propagation for Lg and Sn.  Two tomographic techniques have been

developed in order to objectively determine regions of efficient and inefficient regional phase propagation.  We

have found that regional wave propagation in this region is very complex; hence the station density from our data

set in this region is invaluable.  We have collected data from Saudi Arabia, Oman, Turkey and Syria in order to

further improve our resolution of our wave propagation tomographic models.  Furthermore, this quantity of data

will allow us to isolate the source, site, and path effects in the generation of Lg, Sg, and Pg.

We have also continued our study of crustal and upper-most mantle structure in the Middle East using

receiver function interpretation and grid search waveform modeling.  Data from our ongoing broadband

experiment in eastern Turkey combined with three-component short period receiver functions in Syria have begun

to give us an accurate idea of crustal thickness in the northern portion of the Middle East.  We also plan to

calculate receiver functions in Saudi Arabia in order to map crustal thickness variations across the Arabian Shield.

We also have begun to collect all available travel time observations in the Middle East in order to accurately

determine the mantle P and S-wave velocity structure.  We have initially focused on Pn travel time tomography.

This work will provide important new reliable models of variations in upper mantle seismic wave velocities.  All

of the above results will be integrated in the Cornell GIS system.
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OBJECTIVE

The CTBT requires the development of credible strategies for effective monitoring, including the ability

to detect, locate, discriminate, and characterize any suspect events for any region on earth.  In order to accomplish

this task necessary models and fundamental observations concerning seismic event location and regional wave

propagation are required.  Examples of such critical models are travel time models for individual IMS stations that

can be used to correct for three-dimensional variations in seismic velocity structure.  One dimensional travel time

models are not sufficient for regions that contain substantial lateral variations in crustal thickness and uppermost

mantle velocity.  Furthermore, observations are required for the propagation of several key regional phases in the

Middle East and North Africa since current knowledge is insufficient to accurately characterize regional wave

propagation in this complex region.  New seismological data are required to constrain both travel time and wave

propagation models of very low yield events at regional distances.  In order to make our final results available to

the monitoring community we will include our data and results on the Middle East and North Africa into the

Cornell GIS database.

Our objective is to expand the existing geophysical/seismological information and to provide new

knowledge of the Middle East and North Africa using data from both short period national networks as well as

broadband temporary and global networks.  In this paper we give two examples of techniques and observations

that are critical to improving seismic event location and discrimination in the Middle East and North Africa.

RESEARCH ACCOMPLISHED

Regional Wave Propagation in the Middle East

Research on seismic wave propagation in the Middle East has demonstrated the necessity for a large

number of seismic stations to be used to accurately characterize Lg and Sn behavior in this region (Figure 1).  We

have compiled a large data set of regional and local seismograms recorded in the Middle East.    We have used

this data set to decipher the character and pattern of regional seismic wave propagation.  We have mapped zones

of blockage as well as inefficient and efficient propagation for Lg, Pg, and Sn throughout the Middle East.  Two

tomographic techniques have been developed to objectively determine regions of lithospheric attenuation in the

Middle East.  The first technique used Lg/Pg ratios to characterize crustal attenuation as well as to determine the

path effects on this commonly used discriminant.  The second technique used discrete Sn propagation efficiencies

that we defined after examining over 4000 seismograms.  This technique allowed us to map the regions of

inefficient and efficient Sn propagation in the Middle East.

We observe evidence for a significant increase in Lg attenuation relative to Pg across the Bitlis suture

and the Zagros fold and thrust belt, corresponding to the boundary between the Arabian and Eurasian plates

(Figures 2a,



b, c).  Generally Lg was blocked when the ray paths crossed either of these major tectonic boundaries.  We also

observed Lg blockage in the Mediterranean and southern Caspian Seas.   We also found that within the Middle

East, Lg propagation is most efficient in the Arabian Shield and in eastern Jordan and Syria in a region known as

the Rutbah uplift.  This region is thought to have very little variation in crustal thickness or variation in the

thickness of the sedimentary cover.  Our tomographic method assumes that variations in Lg/Pg ratios are due to

path effects (Sandvol et al., 2000), neglecting possible differences in Lg excitation relative to Pg for different size

or types of seismic events.  We are currently creating a database in the Middle East large enough to allow us to

simultaneously solve for the source and path effects.

We have also investigated the frequency dependence of Lg attenuation in the Middle East.  We bandpass

filter each of the regional seismograms for a given frequency band prior to calculating the Lg/Pg ratios.  These

Figure 1.  A map showing the seismic stations contained Cornell’s seismic waveform database in the Middle East.



filtered amplitude ratios are used to create our Lg/Pg tomograpic model for that given frequency band.  In general

we have found only a small frequency dependence of Lg/Pg amplitude ratios in the Middle East.  The difference

that is observed between the lower and higher frequencies can be attributed to lower signal to noise ratio at the 2

to 4 Hz and the smaller number of events that satisfy our signal to noise criteria.

Figure 2a.  A map showing the Lg/Pg ratio tomographic model for frequencies between 0.5 and 2 Hz.  This image is
based upon approximately 4400 regional waveforms.



Figure 2b.  A map showing the Lg/Pg ratio tomographic model for frequencies between 1 and 3 Hz.



Figure 2c.  A map showing the Lg/Pg ratio tomographic model for frequencies between 2 and 4 Hz.



We also observed a zone of inefficient Sn propagation along the Dead Sea fault system (Figure 3) that

coincides with low Pn velocities along most of the Dead Sea fault system and with previous observations of poor

Sn propagation in the Gulf of Aqaba (Rodgers et al., 1997).  Our observations indicate that in the northern portion

of the Arabian plate (south of the Bitlis suture) there is also a zone of inefficient Sn propagation that would not

have been predicted from prior measurements of Pn velocities.  However, existing Pn tomographic models have

relatively poor ray coverage for much of the eastern portion of the Dead Sea fault system.  We have begun to

collect phase data from the Syrian National Seismic Network and our temporary PASSCAL array in eastern

Turkey in order to obtain a better uppermost mantle velocity model for this region.

Figure 3.  A map showing a tomographic model of Sn propagation efficiency in the Middle East.  The model
parameters in this image are the reciprocal of the Sn extinction path length.  This image is based upon
approximately 4200 regional waveforms.



Crustal Structure in the Middle East

We are continuing to utilize a grid search modeling of receiver functions in the Middle East to help

improve current Moho maps in the region (Sandvol et al., 1999).  We have modeled receiver functions calculated

from the ILPA array and found a low velocity zone at station IR7 located near the Alborz mountains (Figure 4).

We have also obtained a velocity model for IR1 located 50 kilometers to the west of the Alborz mountains.  We

found a relatively similar crustal thickness as was observed at station IR1 (Figure 4).  We have also begun to

model receiver functions at station ABKT (Turkmenistan) and NIL (Pakistan).  At station ABKT we have found

evidence for a strong lateral heterogeneity in the crustal structure.

Preliminary receiver functions were also calculated from three component short period data from the

Syrian National Seismic Network (SNSN).  We were able to stack receiver functions for four of the six stations in

the SNSN.  The other two three-component stations were too noisy for receiver function analysis.  Our

preliminary receiver function analysis has indicated that there is a significant increase in crustal thickness along

the northern margin of the Palmyride fold and thrust belt.  This observation is consistent with a very sharp change

in the gravity data in this region, however it is not consistent with the relatively small topographic signature of the

Palmyride mountain belt.  In order to verify this initial observation more quality three component data will need

to be collect in Syria.

We have also calculated several preliminary receiver function profiles using the broadband three

component data that we have collected from the ongoing eastern Turkey PASSCAL seismic experiment.  We

deployed 29 stations in October of 1999 and plan to dismantle the array in April of 2001.  Our initial receiver

function analysis indicates that there is no significant change in crustal thickness across the Bitlis suture.  In

easternmost Turkey, north of Lake Van we observe very rapid increases in crustal thickness over less than 50 km.

These observations, however, are very preliminary and more data processing is required to insure that our models

are robust.

CONCLUSIONS AND RECOMMENDATIONS

 Our study of regional wave propagation demonstrates that there are dramatic variations in Lg and Sn

propagation in the Middle East.  Furthermore, using Lg/Pg ratio tomography can, for the most part, determine the

path effects on Lg/Pg ratio calculations and thereby is a method for isolating the source effects on Lg/Pg

amplitude ratios.  We have also begun to further improve our crustal thickness maps using receiver function

inversions of stations in Syria, Iran, Turkmenistan and Pakistan.  We have found important variations in crustal

structure throughout these regions.  It is essential for both discrimination and location research to have a reliable

lithospheric velocity model for the Middle East.



 

Figure 4.  Velocity models derived from grid search modeling of receiver functions for the two three 
component stations in the ILPA array.  Note the large low velocity zone beneath station IR1. 
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