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ABSTRACT 

The S-wave velocity model, to the depth of 350 km for the NW of Iran is obtained using non-

linear inversion of Rayleigh wave tomographic data in the period range from 10 to 150 s. The 

three-dimensional shear velocity model of the region is created by 32 juxtaposed one-

dimensional cellular structures, sized 1
o
 by 1

o
. Our Vs. models show that he thickness of the 

crust and lithosphere varies between 40-50 km and 60-100 km, respectively. The shallowest 

lithosphere is located beneath Sabalan volcano, probably due to some magmatic activities. In 

most part of the cells the contrast of velocity above and below Moho discontinuity is high. 

Based on the average value of Moho and lithosphere depth, we concluded that the 

approximately high topography of the region is supported by a warm and upwelling mantle, 

rather than by a thick crust. 
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1 INTRODUCTION 

The current tectonic state of Iran is controlled by the collision and continuing 

convergence of the Arabian plate toward the Eurasian plate. These plates collided in the 

early Miocene, after the Neotethys Ocean was subducted beneath Eurasia. Due to the 

stacking of pre, and post collision tectonic structures, Iran is one of the best cases for 

studying a geologically young continent/continent collision zone. NW Iran is located in 

the center of the Arabia-Eurasia collision zone. The region is surrounded by the Lesser 

Caucasus in the north, the Zagros Mountains in the south, the South Caspian Basin in 

the East and Anatolian plateau in the West (Figure. 1). As, the crustal structure and 

magmatic evolution of NW Iran have been dominated by the Arabia-Eurasia collision 

and convergence, studying the crust and upper mantle structure of this collision zone 

will clarify some unclear information or maybe provide some new information about the 

story of collision. 

 

2 Methodology, Data and Results   

The surface-wave dispersion data are used in the present study in the North West of Iran 

and the following methods are applied 1) frequency–time analysis, FTAN (Levshin et 

al. 1989), to measure group-velocity dispersion curves of the fundamental mode of 

Rayleigh waves of local and regional events; 2) two dimensional tomography 

(Yanovskaya2001) to map the distribution of group velocities of Rayleigh waves, 

discretized on a grid 1
o
 by 1

o
 to compute the cellular dispersion curves; 3) non-linear 

inversion (Panza1981) of the assembled cellular dispersion curves to calculate the set of 

accepted shear velocity models for each cell. 

The waveform data recorded by medium and broad band Instruments of national (3 

temporary stations from Institute for advanced studies in basic sciences, IASBS in 

Zanjan, 12 stations from Iranian National Seismological Network, INSN, 8 stations 

from Institute of Geophysics of University of Tehran, IGUT) and international (16 
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stations in eastern Turkey, Azerbaijan and Armenia) seismic networks are analyzed by 

FTAN to study the velocity structure in the region (Figure 1). 
 

 
Figure 1. The study area and used stations  

  

In addition, the group-velocity measurements available in literature have been 

considered. To extend the period range of group velocities from 70 to 150 s, we used the 

tomography group-velocity data from the global study of Ritzwoller and Levshin 

(1998).  

The two-dimensional tomography is used to determine the local values of the group 

velocities for a set of periods at a specific grid cells. The local values of group velocities 

are calculated on a grid of 1
o
 by 1

o
. The lateral resolution of the tomographic maps is 

defined as the average size of the equivalent smoothing area (Yanovskaya 1997).  

The non-linear ‗‗hedgehog‘‘ inversion method is applied to obtain the Vs models for 

cells sized 1
o

 by 1
o
 using the compiled cellular dispersion curves come from 

tomography results. This method is a Monte Carlo search and the layer parameters 

(thickness, Vp, Vs, and density) can vary or be constant during the inversion procedure. 

Each cellular dispersion curve is calculated as the average of the local curves at the four 

corners of the cell. The single point error for each value at a given period is estimated as 

the average of the measurement error at this period and the standard deviation of the 

dispersion values at the four corners. The value of group velocity at 70 s is calculated as 

an average between our tomography results and the global data from the study of 

Ritzwoller and Levshin (1998). The single error at this period for group velocity is 

estimated as the r.m.s. of the errors of our data and those of the global dataset. The 

r.m.s. for the whole dispersion curves is estimated as 60-70% of the average single point 

error of each cellular curve (Panza1981) .If the computed values at each period are less 

than the single point error at the relevant period and if the r.m.s. values for the whole 

group velocity curves are less than the given limits, the model is accepted.  
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The structure is parameterized by 5 layers after fixing the uppermost layers of crust. 

These layers have variable Vs, Vp, thicknesses and constant density. In each cell, the 

thickness of the fixed uppermost crustal structure depends on the lower limit of the 

period range of the cellular dispersion curves, and varies from about 3 to10 km. In this 

study, we fixed the first 3 kilometer of the crust with variable velocities for each cell.  
 

   
Figure 2. Rayleigh wave group-velocity tomography at the period of 10 s, the cells are shown by white 

solid lines: a)left, group-velocity distribution in km/s; b) middle, wave paths; c)right, lateral data 

resolution expressed as mean linear size of the averaging area in km; 

 

Our dispersion dataset consists of about 950 Rayleigh wave velocity curves. The 

tomography maps, their ray path and lateral resolution for the study area are shown in 

Figure 2 (group velocity at 10 s) and Figure 3 (group velocity at 40 s). Figures 2a and 

3a show the group velocity distributions at periods of 10 and 40 s, respectively. Figures 

2b and 3b show the wave-path distributions. Figures 2c and 3c represent the lateral 

resolution of the data expressed by the isoclines of the mean size of the averaging area. 

Lateral resolution length less than 150 was our criterion for selecting cells. 
 

  
 

Figure 3. Rayleigh wave group-velocity tomography at the period of 40 s, the cells are shown by white 

solid lines: a)left, group-velocity distribution in km/s; b) middle, wave paths; c)right, lateral data 

resolution expressed as mean linear size of the averaging area in km;  

 

The map at 10 s is characterized by high group velocity (2.9–3.2 km/s) in the most part 

of the region, since these waves sample the upper crust layers, most part of this area has 

thin sediments, while the lowest values are seen around the Lake Urmia where the 10-s 

waves sample the thicker sediments in this basin (2.7 km/s). Two main zones are seen in 

the tomographic maps at periods 40 s, the high velocity zone in eastern part (3.2– 3.5  

km/s) and the low velocity zone in western part of study area (2.8– 3.1  km/s). As the 
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surface waves with these periods penetrate in the upper mantle, the boundary between 

these zones can be considered as a tectonic boundary. Some part of the North Tabriz 

Fault (NTF) has positive correlation with this boundary, but especially in the north of 

the area the boundary is not aligned along NTF. 

   
Figure 4. All solutions for dispersion curve and velocity (red), and the best solution(black) a)left, Vs 

model is cell E45.5N37.5; b)middle, Vs model is cell E46.5N37.5;  c)right, Vs model is cell E47.5N38.5; 

  

The Vs measurements computed by hedgehog program show 40 - 45 Km depth for the 

crust and 60 - 100 km for the lithosphere. As an example the Moho and lithosphere 

depth beneath Sabalan and Sahand volcano and Urmia Lake are 40, 45 and 40 km for 

Moho and 60, 90 and 90 km for lithosphere, respectively (Figure 4a, Figure 4b and 

Figure 4c Calculated Vs of cells that covers most part of Urmia Lake, Sahand volcano 

and Sahand volcano, respectively- Figure 1). The shallowest lithosphere is located 

beneath Sabalan volcano, probably due to some magmatic activities. In most part of the 

cells the contrast of velocity above and below Moho discontinuity is high. Based on the 

average value of Moho and lithosphere depth, we conclude that the 1.5-2 km 

topography in the region is supported by a warm and upwelling mantle, rather than by a 

thick crust.  

 
3 CONCLUSION 

Because of thin lithosphere and crust, we concluded that the topography in the region is 

supported by a warm and upwelling mantle, rather than by a thick crust. Two main 

different zones in the tomographic maps at longer periods observed. The boundary 

between these zones can be considered as a tectonic boundary. 
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