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ABSTRACT 

The seismic velocities data and Vp/Vs ratios provide  useful information about the seismic 

behavior and tectonic structures of the selected area. Our study area is situated in a region of 

conjugate strike-slip faulting. In this study, we used arrival time's data of P- and S-waves of the 7 

November 2019 Turkmanchai earthquake (Mw 6.0, located at 37.803° N, 47.581° W) recorded 

by 8 three-component short-period stations of northwestern Iran, and its aftershocks to calculate 

Vp/Vs ratio. The average Vp/Vs ratio of 1.777±0.003 is obtained for the study region. Also, in 

this study, velocity values of 6.144±0.003, 3.466±0.006 and 7.186±0.005 km/s, are obtained for 

the Pg, Sg, and Pn phases, respectively. 
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INTRODUCTION 

 
Seismic waves velocity is the best way to investigate the interior structure of the earth.  Seismic 

wave velocity has a very important role in determination of precise location of seismic events. 

Without having accurate information about the propagation of p and s waves we are not able to 

correctly locate hypocenters of earthquakes even with very well-picked arrival times (Szafranski 

et al., 2015). Moreover, the ratio between P- and S-wave velocities (Vp/Vs) maps can be used to 

reveal deep, often buried seismotectonic structures and zones of potential earthquake sources. The 

Vp/Vs ratio is commonly considered as a key constraint on the nature and composition of rocks 

during the seismological data interpretation (Brantut and David, 2019). Also, Lateral variations 

of Vp/Vs ratios are typically well correlated with geological and tectonic structures (Jo and Hong, 

2013). Monitoring P- and S-wave travel times and the Vp/Vs ratio makes it possible to distinguish 

areas with characteristic values of the ratio and reveal its changes under the influence of the stress 

field (Slavina et al., 2018). Taghizadeh-Farahmand et al (2010), computed P and S receiver 

functions to investigate the lithospheric structure beneath the northwest Iran and compute the 

Vp/Vs ratio within the crust of this seismic active area. They found an average Moho depth of 48 

km, which varies between 38.5 and 53 km and obtained average  Vp/Vs ratio estimation to be 

1.76, which  varies between 1.73 and 1.82. Also, they showed that the average of the shear wave 

velocity is 3.4 km/s in the crust and 4.3 km/s below the Moho discontinuity. Moradi et al (2011), 

computed a mean Vp/Vs ratio of 1.748±0.007 for the northwestern Iran. 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. 

 
 

The 2019 Turkmanchai earthquake  
 
The seismicity and the present-day tectonics of the northwestern Iran can be related to the Arabia-
Eurasia convergence, which at the location of Tabriz region converges at a rate of ~20 mm/year 
(Vernant et al., 2004). GPS measurements indicated that a large part of the deformation in this 
region is concentrated along the North Tabriz fault (NTF) (e.g. Djamour et al., 2011). To the east, 
in Bozghush Range, the NTF joins the north Bozghush fault and the south Bozghush reverse fault. 
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The arc-shaped Bozghush Range is one of the prominent structural features of northwest Iran 
(Faridi et al., 2017).  

On 7 November 2019, a Mw 6.0 (GCMT) earthquake took place in the Bozghush Range, in 
northwestern Iran. The epicenter of this earthquake is about 100 km southeast of Tabriz, the fourth 
largest city of Iran. The event was clearly felt in most parts of the East-Azarbaijan province, which 
killed 6 people, injuring hundreds, and destroyed several villages. The analysis of the available 
focal mechanism (GCMT) and its hypocenter suggests that this earthquake occurred along a 
strike-slip fault, located within the complex structural setting of the Bozghush Range (Valerio et 
al., 2020). This event may be attributed to the Shalgun-Yelimsi Fault (SYF) (Fig. 1b). The 
Shalgun-Yelimsi Fault displaced left-laterally the North- and South- Bozghush Faults (Fig. 1b). 

During the next days, the main-shock was followed by more than 175 events with 2.5 ≤ 𝑀𝑁< 5, 
recorded by the Iranian Seismological Center (IRSC).  These aftershocks create a good 
opportunity for study of seismic waves velocity in the northwestern Iran (Fig. 1). 

 
 

 
 

Figure 1: Regional tectonic setting and the seismicity of the 2019 Mw 6.0 Turkmanchai earthquake. 
(A) The seismotectonic setting of the study area. NTF: North Tabriz Fault; MF: Maragheh Fault; NBF: 

North Bozghush Fault; SBF: South Bozghush Fault; SYF: Shalgun-Yelimsi Fault; SAF: South Ahar 
Fault. Inset contains regional topographic map, with our study area outlined by a red square. (B) 

Epicenter distribution map of earthquakes. Blue beach ball and green stars show the focal  mechanism 
solution and the epicenter of the Mw 6.0 Turkmanchai earthquake reported by Global Centroid Moment 
Tensor Project (GCMT) and Iranian Seismological Center (IRSC), respectively. Blue and black circles 

are the foreshocks between November and December 2019 from IRSC. 

 

 

Data and Method 

 
There are several methods to obtain the Vp/Vs ratio. One way is to use the Wadati method that is 

based on P and S arrival times differences as a function of P travel times. For calculation of Vp/Vs 

ratio, we used the following equations: 

 

 
 

Where D is the distance between hypocenter and station. Vp  and Vs are P-wave velocity and 
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S-wave velocity, respectively. Tp and Ts are arrival times of the P-wave and the S-wave, 

respectively and 𝑇0 is origin time. The slope of the least-squares line can be expressed in terms 
of the Vp/Vs ratio. 
This method can utilize seismic records for local seismic events, and does not require information 

on detailed crustal structures. Thus, the Wadati method is useful for regions with dense regional 

seismic networks (Jo et al., 2013). Also, this method is used frequently in global seismology 

because it derives an effective Vp/Vs ratio directly from measured arrivals of P- and S-waves. In 

this study, we used data from 8 three-component short-period stations of northwestern Iran 

deployed by the Iranian Seismological Center (IRSC) (Fig. 1A); between latitudes 37-38ºN and 

Longitudes 47-48ºE around the epicenter of 2019 Turkmanchai earthquake (Fig. 1B).  

 

 

Figure 2: Travel time curve for Pg (A) and Sg (B) waves from about 180 and about 100 events, 
recorded at 8 stations, between distances of about 1 km and 100 km. (C) Travel time curve for Pn wave 

from about 50 events, recorded at 8 stations, between distances of about 160 km and 300 km. (D) Arrival 
time differences between P and S waves as a function of P travel times using a Wadati diagram. The 

number of data points is 107. The travel time data are fitted with a least-squares line. The slope of the line 
indicates the average Vp/Vs, which is 1.777. 

 
We obtained seismic waves velocities (Pn, Pg and Sg) in the Bozgush Range using aftershocks 

of the 7 November 2019 Mw 6.0 Turkmanchai earthquake. To estimate the values we used the 

least squares method. In this study, velocity values of 7.186±0.005, 6.144±0.003 and 3.466±0.006 

km/s, are obtained for the Pn, Pg, and Sg phases, respectively (Fig. 2).  Also, we calculated the 

Vp/Vs ratio for aftershocks of this earthquake (Fig. 2D). A line fitted by least squares through 

these data gives an apparent rate of Vp/Vs of about 1.777±0.003. 

  

CONCLUSION 

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

the aftershocks of the 7 November 2019 Mw 6.0 Turkmanchai earthquake. The slopes of these 

curves give crustal P and S waves velocities of 6.144±0.003 and 3.466±0.006 km/s, and Moho P 

wave velocity of 7.186±0.005 km/s, respectively. The average Vp/Vs ratio of 1.777±0.003 is 

obtained for the study region.  The comparison of Vp/Vs ratio obtained in this study with the 

results obtained by Moradi et al (2011) and Taghizadeh-Farahmand et al (2010) studies shows an 

acceptable compatibility. 
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