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ABSTRACT 

Seismic velocities data are often used to discriminate lithology of rocks and has a key role in 

locating occurred events. The Vp/Vs ratio and seismic wave velocity of Pg, Pn, Sg, and Sn phases 

directly affect the locating of earthquake in the region. In this study, we have used arrival times 

data of P- and S-waves recorded by 20 permanent stations. These stations are located near the 

active faults in the Kermanshah region with latitudes 32-36ºN and Longitudes 44-50ºE. We used 

observed arrival time data from about 8000 events. The average Vp/Vs ratio of 1.7471±0.003 is 

obtained for the study region. Also, in this study, velocity values of 8.156±0.005, 6.086±0.003 

and 3.429±0.006 km/s, are obtained for the Pn, Pg, and Sg phases, respectively. 

 

Keywords: Seismic velocities, Vp/Vs ratio, Sarpol-e Zahab earthquake 

 

INTRODUCTION 
Seismic wave velocity has a very important role in determination of precise location of seismic 

events. Propagation of the seismic wave through different media give useful information about 

Earth's interior. The ratio between P- and S-wave velocities (Vp/Vs) is commonly considered as 

a key constraint on the nature and composition of rocks during the seismic data interpretation 

(Brantut and David, 2019). Also, the variation of Vp/Vs ratio can be used as a precursor of 

earthquakes. The use of the ratio of compressional wave velocity to shear wave velocity, Vp/Vs, 

is a good tool in identifying fluid type (Hamada, 2004). Travel time of compressional wave is 

generally used as porosity tool for given lithology (Hamada, 2004). Introducing shear wave travel 

time is very helpful in determination of mechanical rock properties. Regional‐scale surface wave 

tomographic studies further highlight the complexity of the collision zone, showing a thickened 

crust under the Caucasus and Zagros, and low shear velocity beneath the Turkish and Iranian 

plateaus (Pei et al., 2011). Afsari et al (2011) showed that the shear wave velocity is 3.6 km/s in 

the crust of NW Zagros. Hatzfeld et al (2004) showed that the upper crust in the central Zagrose  

consists of a 11 km -thick sedimentary layer with Vp =4.70 km s−1 above a 8 -km-thick upper 

crystalline crust with Vp  =5.85 km s−1. Also, they showed that the lower crystalline crust with 

27-km-thick is unusually slow with VP=6.5 km s−1. The mean Pn velocity is about 8.1 km s−1 

in the Iranian Plateau (Hatzfeld et al., 2004). Pei et al (2011) showed that the high velocities in 

the mountains such as Zagros fold zone is very close the plate boundary, and result from 

northward subduction of the Arabian plate. Recent Pn velocity tomography (Lazki et al., 2014) 

shows high velocities (between ~ 8.1-8.2 km·s−1) beneath the study region. 

In this study, we use both the P- and S-wave arrival times generated by local earthquakes to study 

Vp/Vs ratio and Pg, Sg and Pg velocities of this region. 

 

Seismicity of the region 
The Iranian Plateau with at least 2000 years well-documented historical earthquake record is a 

unique place (Berberian, 2014). The Zagros mountains on southwest of Iran are one of the most 
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seismically active intracontinental fold and thrust belts on Earth, and one of the important element 

in the active tectonics of the Middle East, which shows this intense seismic activity with low- to 

medium-magnitude earthquakes (Talebian and Jackson, 2004, Berberian, 2014). The Zagros fold-

thrust belt is one of the main results of this convergence in Alpine-Himalayan orogenic belt, which 

extends for about 1500 km from the Taurus mountains (southeast of Turkey) to the Minab-Zendan 

Fault (in east of the Strait of Hormoz) in southern Iran (Mirzaei et al., 1998). Most of the 

earthquakes at Zagros occurred in Zagros Fold-and-Thrust Belt, and most of them are moderate 

earthquakes with Mw 5–6 (Huang et al., 2019). Nissen et al (2011) showed that the instrumental 

seismicity rate increases from the northwest to southeast of Zagros Fold-and-Thrust Belt. The 

most recent destructive earthquake that shook up northwest of Zagros Fold-and-Thrust Belt is 

Sarpol-e Zahab earthquake on 12 November 2017, Mw 7.3 (Fig. 1) that caused serious structure 

damage to the cities of Sarpol-e Zahab and Qasr-e Shirin and hundreds of casualties and thousands 

of injuries. Within 200 days after the main shock (Mw 7.3), thousands of aftershocks (Mw > 2.5) 

occurred in the 150 km2 area around the epicenter (Huang et al., 2019). These aftershocks create 

a good opportunity for study seismic waves velocity in the Kermanshah region. 

 

 

 

Figure 1: Topography map of the Iranian Plateau (left) with the study region marked by red rectangle, and 

topography map of the study region (right) showing also the distribution of seismic stations used in this study (blue 

triangles). Red star indicate epicentral of Sarpol-e Zahab earthquake. 

 

 

Methodology & Data  

  
We used the Iranian Seismological Center (IRSC) data (http://irsc.ut.ac.ir) between latitudes 32-

36ºN and Longitudes 44-50ºE around the epicenter of 2017 Sarpol-e Zahab earthquake (Fig. 2). 

All networks are three-component permanent broadband or short period and operated by IRSC. 

A total of about 8000 events occurred for this region. These events were recorded by 20 seismic 

stations. These stations are located in northwest Zagros. Figure 2 shows the location map of the 

seismic stations in this study. We obtained seismic waves velocity (Pn, Pg and Sg) in the 

Kermanshah region using aftershocks of the 12 November 2017 Mw 7.3 Sarpol-e Zahab 

earthquake. In this study, velocity values of 8.156±0.005, 6.086±0.003 and 3.429±0.006km/s, are 

obtained for the Pn, Pg, and Sg phases, respectively (Fig. 2). 
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Figure 2: Travel time curve for Pg (a) and Sg (b) waves from about 4500 and about 3000 events, recorded at 20 

stations, between distances of about 1 km and 100 km. Travel time curve for Pn wave from about 5500 events, 

recorded at 20 stations, between distances of about 200 km and 400 km (c). 

 

After computing the seismic wave velocites (Pg, Pn, and Sg) using aftershocks of the 12 

November 2017 Mw 7.3 Sarpol-e Zahab earthquake, we calculated the Vp/Vs ratio for aftershocks 

of this earthquake (Fig. 3). For calculate Vp/Vs ratio, we used the following equations: 

 

D(i) = Vp Tp(i)     (1),         D(i) = Vs Ts(i)      (2),         
VP

VS
=

Ts(i)

Tp(i)
       (3) 

 
Vp

Vs
=

(Ts(i, j) − O. T(j))

(Tp(i, j) − O. T(j))
               (4) 

 

Where D(i) is the distance between hypocenter and station i. Vp and Vs are P-wave velocity and 

S-wave velocity, respectively. For station i and earthquake j, Tp(i,j) and Ts(i,j) are arrival time of 

the P-wave and the S-wave, respectively and O.T(j) is origin time for earthquake j. This ratio is 

about 1.747.  
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Figure 3: Travel Time curve of Pg wave with Sg wave from 5053 events, recorded at 20 stations. 

 

 

CONCLUSION 
We obtained local velocity curves for Pg, Sg, and Pn phases and Vp/Vs ratio in the study area by 

using the aftershocks of the 12 November 2017 Mw 7.3 Sarpol-e Zahab earthquake. The slopes 

of these curves give crustal P and S velocities of 6.086±0.003 and 3.429±0.006 km/s. Also, Moho 

P velocity of 8.156±0.005 km/s, and Vp/Vs ratio of 1.7471±0.003 are obtained for the study 

region. 
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