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Abstract 
Understanding the stress field is crucial for assessing seismic risks in Northwestern Iran, a region known for 

its high seismic activity and geological volatility. The intricate tectonic arrangements involving the Arabian, 

Anatolian and Eurasian plates contribute to the unstable nature of the area. This study focuses on deducing 

stress regimes through stress inversion analysis of earthquake focal mechanisms in the North Tabriz Fault 

system. Analyzing the stress field is essential for understanding the elastic characteristics and geodynamics 

of the region. This study considers the stress field surrounding the Tabriz Fault, aiming to determine stress 

parameters and principal stress orientations using focal mechanisms. By analyzing 35 earthquake focal 

mechanism datasets from the Global Centered Moment Tensor and the Iranian Seismological Center, stress 

field inversions were conducted using Michael's linear inversion method and the iterative joint inversion 

method. The two techniques yielded distinct outcomes, with the iterative joint inversion method proving 

more accurate in determining stress fields and principal stress orientations. The Plunge values of 𝜎1 and 𝜎3 

were observed to be relatively insignificant, measuring 3.24 and 2.06, respectively. A value close to 90 

degrees, specifically 86.14, was determined for 𝜎2. The trend values for 𝜎1 and 𝜎3 were found to be 146.08 

and 55.97, respectively, while 𝜎2 exhibited a trend value of 293.51. To estimate the orientation of the 

maximum horizontal stress (SH), the iterative joint inversion method was employed, yielding an estimation 

of 𝛼 = 3.787°. The trend and plunge calculated from this method for 𝜎1, 𝜎2 and 𝜎3 were also utilized in this 

estimation. The findings indicate the existence of strike-slip faults in proximity to the North Tabriz Fault. The 

stress direction observed and the trajectory of the fault system suggest the influence of a transpressional 

mechanism. The predominant right-lateral strike-slip motion observed aligns with the prevailing tectonic 

regime in the region, providing evidence of strike-slip and thrust faulting stress regimes. The results 

contribute to a better understanding of the stress field and geodynamic situation in Northwestern Iran. They 

provide valuable insights for spatial analysis of future earthquakes and assessing seismic hazards in the 

region. 

 

Keywords: Stress filed, Focal mechanism, Stress inversion, Horizontal stress (SH), North Tabriz Fault 

(NTF). 

 

1. Introduction 

The northward motion of the Arabian plate 

has influenced the deformation of the 

youthful crust in northwestern Iran. Since the 

Late Miocene, this movement has generated 

compressive forces along the north-south 

axis and tensile forces along the east-west 

axis, resulting in the regulation of volcano 

distribution and the predominance of strike-

slip faults in this region. At the boundary of 

the Eocene–Oligocene, the collision of the 

Arabian plate and Eurasia is the determining 

factor in the regulation of active deformation 

in Iran (McKenzie, 1972; Jackson and 

McKenzie, 1984; Dewey et al., 1986; 

Hempton, 1987; Allen et al., 2004; Agard et 

al.; 2011; Mouthereau et al., 2012). An 

investigation into the stress state within the 

crust has the potential to enhance the 

comprehension of existing deformation 

within specific regions, notably the northwest 

of Iran, due to its intricate seismotectonic 

conditions. Various techniques have been 

suggested for ascertaining tectonic stress 

based on focal mechanisms of earthquakes 
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(Maury et al., 2013). Prevalent techniques 

have been formulated by Michael (1984), 

Gephart and Forsyth (1984) and Jacques 

(2002), which have undergone modifications 

and enhancements suggested by Lund and 

Slunga (1999), Hardebeck and Michael 

(2006), Arnold and Townend (2007), Maury 

et al. (2013), and other researchers have 

proposed modifications and expansions to 

these techniques.  

The investigation conducted by Zamani 

(2013) aimed to examine the stress state 

existing within the Siahcheshme-Khoy fault 

zone. The Zamani study revealed that the 

region under investigation was 

predominantly subjected to a tectonic stress 

regime with strike-slip movement. The 

average stress ratio was determined to be 

0.41 for the regional average stress tensor. 

This outcome was in keeping with prior 

research conducted by McKenzie (1972), 

where two sets of conjugate reverse and 

strike-slip faults were identified in the eastern 

regions of Turkey and the Caucasus. 

Furthermore, the research conducted by 

Zarifi et al. (2014) utilized the focal 

mechanisms of crustal earthquakes spanning 

from 1909 to 2012, along with GPS 

velocities gathered between 1999 and 2011, 

in order to estimate the magnitude and 

orientations of the highest principal stress 

and strain rates within Iran. The iterative 

joint inversion method was employed by 

Afra et al. (2017) to determine the 

trend/plunge values for 𝜎1, 𝜎2 and 𝜎3in the 

northwestern region of Iran. The resulting 

values were 142/2 for 𝜎1, 238/73 for 𝜎2, and 

51/17 for 𝜎3. In the northwest region of Iran, 

utilizing the multiple inversion method, Afra 

et al. (2017) acquired the trend/plunge values 

of 134/1 and 44/5 for 𝜎1 and 𝜎3, respectively. 

Moreover, the stress ratio was determined to 

be 0.28. Niassarifard et al. (2021) conducted 

an assessment of trend and plunge values for 

𝜎1, 𝜎2 and 𝜎3 in the northwestern area of Iran 

in accordance with his recently proposed new 

tectonic configuration. The obtained 

measurements were 195/00, 55/90 and 

285/00, respectively. Aflaki et al. (2021) 

conducted an examination of the trend and 

plunge values in the northwestern area of 

Iran for 𝜎1, 𝜎2 and 𝜎3. The results indicated 

that the approximate values were 78/00, 

326/89 and 168/01, respectively. An analysis 

of the trend and plunge values in the 

northwestern region of Iran was carried out 

by Ghods et al. (2015), focusing on 𝜎1, 𝜎2 

and 𝜎3. The outcome of the investigation 

demonstrated that the estimated values were 

105/00, 270/90 and 15/00, respectively. In 

accordance with the methodology of Nouri et 

al. (2023), earthquake focal mechanisms 

were employed to deduce the spatially 

varying crustal stress. By means of this 

approach, trend and plunge values for the 

northwestern regions of Iran were computed, 

yielding 191/05 for 𝜎1, 330/83 for 𝜎2, and 

101/04 for 𝜎3, respectively. Furthermore, a 

shape ratio of 0.37 was determined for the 

targeted area. Furthermore, previous 

investigations have been conducted utilizing 

earthquake focal mechanism data to explore 

the stress inversion technique, e.g. Zamani et 

al. (2008).  

This study aims to examine the stress state 

induced by plate convergence and analyze 

the distribution of stress in the northeastern 

region of Iran. The aim of this research is to 

examine the stress regimes present in the 

North Tabriz Fault of Iran through stress 

inversion of earthquake focal mechanisms. 

The present study employs the repeated 

inversion method of focal mechanisms  

of earthquakes (Vavryčuk, 2014) to establish 

the values and directions of stress. This 

method is considered the most appropriate 

for the inversion of focal mechanisms, 

particularly when the nodal plane is 

unknown. The auxiliary nodal plane plays  

a crucial role in resolving the linear inversion 

problem (Michael, 1984). Furthermore,  

the independence of the central focal 

mechanisms and the error analysis have  

been accorded particular emphasis in the 

study.  

 

2. Tectonic setting 

The previous scientific inquiries into the 

global positioning system (GPS) have 

yielded a comprehensive examination of the 

distribution of deformation in Iran 

(Nilforoushan et al., 2003); Vernant et al., 

2004; Bayer et al., 2006; Hessami et al., 

2006; Walpersdorf et al., 2006; Masson et al., 

2006, 2007; Tavakoli et al., 2008; Peyret et 

al., 2009; Djamour et al., 2010, 2011; 

Mousavi et al., 2013). The tectonic activity 

observed in the northwestern region of Iran is 

influenced by a range of factors. These 

factors are principally comprised of the 
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northward displacement of the Arabian 

indenter, the westward propulsion of the 

Anatolian plate along the North- and East-

Anatolian faults, and the counter-directional 

tectonic movements and subduction taking 

place below the Greater Caucasus and the 

Apsheron–Balkhan sill, respectively, which 

are situated in the northward direction 

(McKenzie, 1972; Jackson, 1992; Copley and 

Jackson, 2006; Vernant and Chery, 2006; and 

Dabiri et al., 2011). The rate of convergence 

within the entire region is estimated to be 

approximately 20 𝑚𝑚 𝑦𝑒𝑎𝑟⁄ , as reported by 

Vernant et al. (2004). The convergence 

movement causes a complicated system of 

reverse and strike-slip faults, which have 

been confirmed by GPS measurements. 

While the North Anatolian fault and other 

right-lateral faults in southeast Turkey seem 

to continue into the northwest region of Iran 

as strike-slip faults, as noted by Jackson 

(1992), there is no continuous faulting in 

both areas. Additionally, faulting in both 

regions comprises several distinct fault 

segments, according to the findings of  

Hessami et al. (2003b). The geographic 

region under investigation is situated within 

the longitude of 37 to 39 degrees east and the 

latitude of 45 to 47 degrees north, as 

illustrated in Figure 1. The North Tabriz 

Fault, which exhibits a minimum slip rate of 

2 𝑚𝑚 𝑦𝑒𝑎𝑟⁄ , a horizontal slip rate of 3.1 - 4 

𝑚𝑚 𝑦𝑒𝑎𝑟⁄ , and a vertical slip rate of 0.5 - 

0.8 𝑚𝑚 𝑦𝑒𝑎𝑟⁄ , has been responsible for past 

earthquakes in the region, some of which 

have caused significant surface rupture. 

Noteworthy examples include the Shibli (a 

village situated in the East Azerbaijan 

province near Tabriz, is positioned adjacent 

to the North Tabriz Fault) earthquake of 

1721, with a magnitude of 7.3 and a surface 

rupture exceeding 35 km, and the Tabriz 

earthquake of 1780, with a magnitude of 7.4 

and a surface rupture of more than 42 km, 

resulting in a separation of 2 to 4 meters 

(Berberian and Yeats, 1999). 

 

3. Data 

This study utilizes focal mechanism data 

from credible sources, including the Global 

Centered Moment Tensor (GCMT) from 

2005 to 2022 and the Iranian Seismological 

Center (IRSC) from 2012 to 2019. The 

relevant data are presented in Table 1. The 

current investigation has employed focal 

mechanism information associated with 

seismic events exceeding a magnitude of 4 

(𝑀𝑤 ≥ 4). The studied area is shown in 

Figure 1. In this study, an iterative joint 

inversion method Vavryčuk (2014) is 

employed to determine the stress field in the 

northern fault region of Tabriz. In the North 

Tabriz Fault (NTF) area, the focal 

mechanism data and the GPS velocity field in 

the Eurasian fixed reference frame are 

illustrated in Figure 2. The GPS velocity 

field, which reflects the tectonic deformation 

and displacements in the northwestern region 

of Iran and around the NTF, was obtained 

from Khorrami et al. (2019). 
 

 
Figure 1. The present study focuses on the region encompassing the North Tabriz Fault (NTF) or the northwestern region 

of Iran, as illustrated by the demarcation of the North Tabriz Fault in the accompanying figure. The study area 

has been demarcated based on the set scale for this research. Fault tracing data is extracted from Hessami et al. 

(2003a). 

https://jesphys.ut.ac.ir/?_action=article&au=830948&_au=Milad++Salmanian
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Table 1. This table presents the data gathered from two reputable sources, namely GCMT and IRSC. The data pertains to 

the region situated in North Tabriz Fault and northwestern Iran and covers the latitude range of 37° to 39° and 

longitude range of 45° to 47°. 

Number 

Origin Time and Location Parameters Nodal Plane 1 Nodal Plane 2 

reference 
Date Time 

Latitude 

(°N) 

Longitude 

(°E) 

Depth 

(Km) 

M

w 

strik

e (°) 

dip 

(°) 

rake 

(°) 

strike 

(°) 

dip 

(°) 

rake 

(°) 

1 20050926 18:57:11.9 37.36 47.77 19.8 5.2 194 43 55 57 56 118 CMT 

2 20080902 20: 0:54.5 38.69 45.79 15.4 5.0 113 80 -179 23 89 -10 CMT 

3 20120811 12:23:15 38.393 46.806 9.0 6.5 267 81 -175 176 85 -9 IRSC 

4 20120811 12:23:20.9 38.31 46.80 15.0 6.5 175 81 6 84 84 170 CMT 

5 20120811 12:34:34 38.394 46.814 4.0 6.3 7 57 21 265 72 146 IRSC 

6 20120811 12:34:39.5 38.35 46.78 19.2 6.4 10 50 36 255 63 134 CMT 

7 20120811 15:21:14 38.427 46.800 4.0 4.8 266 79 174 357 84 11 IRSC 

8 20120811 15:43:19 38.461 46.737 7.4 4.9 35 57 67 253 39 121 IRSC 

9 20120811 22:24: 6.1 38.35 46.73 27.4 5.2 345 59 1 254 89 149 CMT 

10 20120811 22:24:02 38.434 46.752 4.0 5.2 82 89 -165 352 75 -1 IRSC 

11 20120813 1:56:10 38.418 46.692 4.0 4.7 261 80 178 352 88 10 IRSC 

12 20120814 14:02:25 38.503 46.810 7.4 5.1 92 83 -176 1 86 -7 IRSC 

13 20120815 17:49:04 38.440 46.670 4.0 4.9 80 70 165 175 76 20 IRSC 

14 20120815 17:49:08.8 38.39 46.71 13.2 5.0 246 50 133 10 56 51 CMT 

15 20120816 17:14:14 38.540 46.770 10.0 4.8 256 84 165 348 76 6 IRSC 

16 20120816 17:14:17.8 38.35 46.81 25.2 4.8 263 78 172 355 82 12 CMT 

17 20121107 6:26:31 38.458 46.565 10.0 5.7 272 75 -173 181 84 -15 IRSC 

18 20121107 06:26:33.3 38.40 46.61 15.0 5.6 183 83 7 92 83 173 CMT 

19 20121116 3:58:25 38.480 46.570 10.0 4.8 195 67 1 104 89 157 IRSC 

20 20121116 03:58:28.4 38.49 46.66 15.8 4.8 109 81 179 199 89 9 CMT 

21 20121223 6:38:57 38.487 44.934 12.0 5.0 70 68 149 172 62 25 IRSC 

22 20130126 15:10:49 38.361 46.837 6.0 4.9 9 72 37 267 55 158 IRSC 

23 20130126 15:10:52.8 38.37 46.87 21.6 4.8 269 66 163 6 74 25 CMT 

24 20130418 10:39:37 38.430 45.360 6.0 4.9 204 83 28 110 62 172 IRSC 

25 20130418 10:39:41.5 38.38 45.39 20.4 4.9 114 61 155 217 68 32 CMT 

26 20130927 10:02:43 37.330 44.940 7.0 4.5 196 43 16 94 79 132 IRSC 

27 20131108 10:12:34 37.800 47.170 9.0 4.4 311 79 -173 220 83 -11 IRSC 

28 20160622 16:56:58 38.50 44.86 4.0 4.3 304 88 -166 214 76 -2 IRSC 

29 20170827 23:14:52.6 37.87 47.14 17.5 5.0 116 72 -177 26 87 -18 CMT 

30 20191107 22:47:05 37.71 47.52 8.0 5.9 307 86 -164 216 74 -4 IRSC 

31 20191108 13:51:45 37.74 47.40 8.0 4.5 109 78 -161 15 72 -13 IRSC 

32 20191110 2:13:45 37.67 47.47 7.0 4.4 81 54 102 241 37 74 IRSC 

33 20220921 17:57:58.2 38.41 45.09 21.2 5.0 309 53 173 43 84 38 CMT 

34 20221005 0:21:32.4 38.41 45.11 26.2 5.7 299 63 174 31 84 27 CMT 

35 20221005 13:51:42.9 38.43 45.17 33.0 4.8 200 82 -1 290 89 -172 CMT 
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Figure 2. Tectonic map of active faults in the northwestern region of Iran. The red arrows signify the GPS velocity 

vectors that represent the region's tectonic deformation. The GPS velocity field data utilized in this figure was 

obtained from Khorrami et al. (2019), while the earthquake focal mechanism data were extracted from the 

trustworthy websites, namely Global Centroid Moment Tensor (GCMT) and Iranian Seismological Center 

(IRSC). The fault lines in the figure are identified by black lines and were obtained from Ambraseys and 

Melville (2005), Berberian and Yeats (1999) and Berberian (1994). 

 

4. Methodology 

4.1. Inversion for stress 

The proposition of a technique for reversing 

the solution of the earthquake focal plane in 

order to deduce the orientation of the 

principal stresses was first presented by 

Angelier (1979). Determining the stress 

tensor in the crust cannot be accurately 

accomplished by relying on the focal 

mechanism of a single earthquake. To 

address this issue, an inversion algorithm is 

indispensable for obtaining the stress tensor 

via a substantial number of earthquakes, as 

stated by McKenzie (1969).  

The problem of slip on a fault within a stress 

field was initially presented by Wallace 

(1951) and Bott (1959). In 1959, Bott put 

forth the notion that slip transpires on any 

fault plane in correspondence with the 

maximum shear stress achieved. 

Furthermore, it was demonstrated that the 

orientation of the shear stress is dependent on 

the orientation of the fault plane in the stress 

field and the shape ratio (R), which is defined 

as follows: 

𝑅 =
𝜎1−𝜎2

𝜎1−𝜎3
                                                    (1) 

Regarding (1), the principal stresses are 𝜎1, 

𝜎2 and 𝜎3, and consistently 𝜎3 ≤ 𝜎2 ≤ 𝜎1. 

Carey (1974) employed Bott's criterion for 

stress inversion and appended the postulate 

that the movements associated with all strike-

slip faults result from a shared tensor. 
 

4.2. Iterative joint inversion 

The fault instability condition, initially 

introduced in Gephart and Forsyth's (1984) 

stress inversion method, was employed by 

Lund and Slunga (1999) to enhance its 

effectiveness. Subsequently, in Vavryčuk's 

(2014) iterative joint inversion technique, the 

same condition was implemented in 

Michael's (1984) approach. 

According to Michael's (1984) linear 

inversion method, the principal stress 

direction can be determined with precision. 

https://jesphys.ut.ac.ir/?_action=article&au=830948&_au=Milad++Salmanian
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However, the 𝑅 ratio estimation is associated 

with a substantial degree of error. In contrast 

to Gephart and Forsyth's (1984) method, 

Michael's method is linear in nature and 

demands resolution of stress reversal through 

multiple iterations, once the fault instability 

condition is imposed. 

The approach employed by Michael (1984) 

involves utilizing the shear tension (𝜏) and 

normal tension (𝜎𝑛) exerted on the fault in 

the following manner: 

𝜎𝑛 = Τ𝑖𝑛𝑖 = 𝜏𝑖𝑗𝑛𝑖𝑛𝑗                                   (2) 

𝜏𝑁𝑖 = 𝑇𝑖-𝜎𝑛𝑛𝑖 = 𝜏𝑖𝑗𝑛𝑗 − 𝜏𝑗𝑘𝑛𝑗𝑛𝑘𝑛𝑖 =

𝜏𝑘𝑗𝑛𝑗(𝛿𝑖𝑘 − 𝑛𝑖𝑛𝑘)                                      (3) 

where 𝛿𝑖𝑘 the Kronecker's delta operator, Τ 

denotes the tension exerted along the fault, 𝑛 

signifies the normal vector of the fault, and 𝑁 

represents the direction of the shear stress 

unit vector along the fault. Equation (3) can 

be rewritten as follows: 

𝜏𝑘𝑗𝑛𝑗(𝛿𝑖𝑘 − 𝑛𝑖𝑛𝑘) = 𝜏𝑁𝑖                           (4) 

In order to derive the right-hand side of 

Equation (3), Michael (1984) utilized the 

Wallace (1951) assumption to ascertain the 

orientation of shear stress and slip direction 

along the fault. Additionally, it was 

postulated that the magnitude of shear stress 

on the faults remained constant for all 

analyzed earthquakes. Due to the inability of 

this approach to determine the absolute stress 

value, the variable 𝜏 was normalized to 1 in 

Equation (4). Consequently, it was possible 

to represent Equation (4) as a matrix as 

follows: 

Α𝑡 = 𝑠                                                         (5) 

where 𝑡 is the vector of stress components. 

𝑡 = [𝜏11 𝜏12 𝜏13 𝜏22 𝜏23]                            (6) 

and Α is a matrix in terms of the normal 

vector 𝑛: 
 

𝐴 = 

[

𝑛1(𝑛2
2 + 2𝑛2

2) 𝑛2(1 − 2𝑛1
2) 𝑛3(1 − 2𝑛1

2)

𝑛2(−𝑛1
2 + 𝑛3

2) 𝑛1(1 − 2𝑛2
2) −2𝑛1𝑛2𝑛3

𝑛3(−2𝑛1
2 − 𝑛2

2) −2𝑛1𝑛2𝑛3 𝑛1(1 − 2𝑛3
2)

     

𝑛1(−𝑛2
2 + 𝑛3

2) −2𝑛1𝑛2𝑛3

𝑛2(𝑛1
2 + 2𝑛3

2) 𝑛3(1 − 2𝑛2
2)

𝑛3(−𝑛1
2 − 2𝑛2

2) 𝑛2(1 − 2𝑛3
2)

] 

   (7) 
 

Furthermore, the slip vector's orientation is 

represented by the symbol 𝑠. The focal 

mechanisms of Equation (7) is utilized to 

determine the stress tensor's five unknown 

components by incorporating the slip 

direction and normal vector of 𝑘 earthquakes 

and generating 3𝑘 linear equations. The 

generalized linear inversion technique (Lay 

and Wallace, 1995) is employed to solve the 

system of equations by inserting it into 

Equation (2). 

𝑡 = Α−1𝑠                                                     (8) 

The vector 𝑠 is obtained from Equations (9) 

to (11) as follows: 

𝑠1 = cos(𝑟𝑎𝑘𝑒) × cos(𝑠𝑡𝑟𝑖𝑘𝑒) + cos (𝑑𝑖𝑝) ×
sin (𝑟𝑎𝑘𝑒) × sin (𝑠𝑡𝑟𝑖𝑘𝑒)                               (9) 

𝑠2 = cos(𝑟𝑎𝑘𝑒) × sin(𝑠𝑡𝑟𝑖𝑘𝑒) − cos (𝑑𝑖𝑝) ×
sin (𝑟𝑎𝑘𝑒) × cos (𝑠𝑡𝑟𝑖𝑘𝑒)                             (10) 

𝑠3 = −sin(𝑟𝑎𝑘𝑒) × sin(𝑑𝑖𝑝)                       (11) 

Also, the components of the vector 𝑛 can be 

written as follows: 

𝑛1 = −sin(𝑑𝑖𝑝) × sin(𝑠𝑡𝑟𝑖𝑘𝑒)                    (12) 

𝑛2 = sin(𝑑𝑖𝑝) × cos(𝑠𝑡𝑟𝑖𝑘𝑒)                       (13) 

𝑛3 = −cos(𝑑𝑖𝑝)                                          (14) 

To ascertain the optimal deviatoric stress 

tensor, it is essential to evaluate two 

measures. The first quantity, referred to as β, 

establishes the degree of orientation between 

the predicted tangential tension and the fault 

plane slip direction on each plane, as 

depicted in Figure 3. An ideal scenario is 

when this angle is zero; however, this is not 

always feasible. The second measure is the 

magnitude of 𝜏 or 𝜏, which should ideally be 

one, yet this is not always the case. 
 

 
Figure 3. displays a schematic representation of the 

foot wall block. The symbols 𝜃, 𝛿 and 𝜆 

correspond to the strike, the dip and the 

rake, respectively. Additionally, �̂� and �̂� 

signify the outward normal to the foot wall 

block and the slip vector within the fault 

plane, respectively. The parameter 𝛽 refers 

to the angle between �̂� and �̂�, which 

represents the tangential traction predicted 

by a stress tensor (Michael, 1984). 

 

The linear inversion technique aims to reduce 
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the discrepancy between the calculated shear 

stress vector and the observed slip vector. 

As a generalization, the slip plane is 

anticipated to exhibit greater instability. 

Moreover, it is feasible to discern the plane 

in closest proximity to Mohr's envelope 

based on the stress diagram of Mohr's circle 

(Jaeger et al., 2009). The Relative magnitude 

of the principal stresses (R) is adequate  

to generate a Mohr's circle in three 

dimensions, with no requirement of a scale, 

as stated by Gephart and Forsyth (1984). The 

spatial arrangement of the nodal planes in 

relation to the principal stress field 

determines their location on the Mohr 

diagram. By utilizing the Mohr diagram 

derived from the four tensor components 

produced from the earthquake focal 

mechanism inversion process, for all sliding 

friction coefficients, it is possible to detect 

the nodal plane possessing the greatest 

instability. According to Vavryčuk et al. 

(2013), the instability relationship used in the 

iterative joint inversion method from the 

focal mechanism of earthquakes can be 

expressed as follows: 

Ι =
𝜏−𝜇(𝜎−1)

𝜇+√1+𝜇2
                                              (15) 

where: 

𝜎 = 𝑛1
2 + (1 − 2𝑅)𝑛2

2 − 𝑛3
2                     (16) 

𝜏 = 

√𝑛1
2 + (1 − 2𝑅)2𝑛2

2 + 𝑛3
2 − [𝑛1

2 + (1 − 2𝑅)2𝑛2
2 + 𝑛3

2]2 

                                                                  (17) 

The degree of instability is expressed as a 

numerical value between zero, indicating the 

highest degree of stability, and one, 

indicating the lowest degree of stability. 

The iterative joint inversion method to 

determine the focal mechanisms of 

earthquakes involves the initial utilization of 

Michael's method in a standard manner, 

devoid of any preconditions or knowledge of 

the fault plates' orientation. The principal 

stress direction and R ratio are then obtained, 

and their values are subsequently employed 

to evaluate the instability (as per Equation 

(15)) of the nodal plane for all the inverted 

focal mechanisms. The nodal planes that 

exhibit the highest level of instability are 

those of the fault planes. 

The initial fault plane orientations acquired 

from the first iteration are utilized in  

the subsequent iteration via Michael's 

method. This process is subsequently  

iterated until the stresses reach an optimum 

value. 

Following the completion of six repetitions in 

the present study, the stresses reached their 

optimal value. In order to assess the 

instability of faults using Equation (15), it is 

imperative to possess a friction coefficient 

value 𝜇. The friction coefficient within the 

fault region generally varies between 0.2 and 

0.8, but the specific value for the North 

Tabriz fault remains unknown. In the 

inversion process, it is common to assign an 

average value, such as 0.6, to the friction 

coefficient. Alternatively, the inversion can 

be conducted using multiple values, and the 

value that yields the highest instability can 

estimate the optimal friction coefficient for 

the region. Vavryčuk (2014) conducted 

numerical tests that demonstrate the iterative 

joint inversion method for stress to be rapid, 

precise and superior to the conventional 

linear inversion method. 
 

4.3. Maximum horizontal stress 

orientation (SH) 

In the event that all six constituents of the 

stress tensor have been ascertained, it is 

possible to calculate the magnitude and 

orientation of the maximum horizontal stress 

(SH). Alternatively, if only four components 

of the stress tensor are accessible, namely 𝜎1, 

𝜎2, 𝜎3 and R, then the direction of SH can be 

inferred Lund and Townend (2007). For the 

purposes of this investigation, the principal 

stress directions and shape ratio (R) have 

been determined through the iterative joint 

inversion method. Consequently, the 

approach outlined by Lund and Townend 

(2007) can be employed to determine the 

direction of SH. 

In this study, there are two distinct systems 

of coordinates that warrant attention: the first 

is the coordinate system of principal stress 

(𝑆), which comprises unit vectors (�̂�1, �̂�2, �̂�3) 

aligned with the maximum, intermediate and 

minimum principal stresses. The second 

system is the geographic coordinate system 

(𝐺), which consists of unit vectors (𝑔1, 𝑔2, 

𝑔3) oriented towards the north, east and 

down. 

The expression of the transfer matrix 

between 𝑆 and 𝐺 coordinate systems is 

presented as follows: 
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𝐴𝑆𝐺 = [

�̂�1�̂�1 �̂�1�̂�2 �̂�1�̂�3

�̂�2�̂�1 �̂�2�̂�2 �̂�2�̂�3

�̂�3�̂�1 �̂�3�̂�2 �̂�3�̂�3

]                    (18) 

Consequently, as per the transfer matrix, the 

normal vector in the principal stress 

coordinate system shall be as follows: 

�̂�𝑠 = 𝐴𝑆𝐺�̂�𝐺 = [

𝑠1𝑁𝑛𝑁 + 𝑠1𝐸𝑛𝐸

𝑠2𝑁𝑛𝑁 + 𝑠2𝐸𝑛𝐸

𝑠3𝑁𝑛𝑁 + 𝑠3𝐸𝑛𝐸

]             (19) 

where, for example, 𝑠1𝑁 is the northern 

component of the vector �̂�1. 

The definition of a vertical plane within the 

geographic coordinate system is established 

through its normal vectors: 

�̂�𝐺
𝑇 = (𝑛𝑁, 𝑛𝐸, 𝑛𝐷) = (𝑐𝑜𝑠𝛼, 𝑠𝑖𝑛𝛼, 0)       (20) 

where 𝛼 refers to the angle formed between 

the normal vector of the vertical plane and 

the north direction in a clockwise manner. As 

a result, the vertical plane's extension is 

equivalent to 𝛼 +
𝜋

2
. 

The stress tensor takes on a diagonal matrix 

form when expressed within the principal 

stress coordinate system: 

𝑆 = [

𝜎1 0 0
0 𝜎2 0
0 0 𝜎3

]                                    (21) 

To evaluate the orientation of the maximum 

horizontal stress (SH), the stress tensor (𝑆) is 

partitioned into two components, namely 

deviant (𝐷) and isotropic (𝜎3𝐼) parts, in the 

principal stress coordinate system: 

𝑆 = (𝜎1 − 𝜎1) [
1 0 0
0 1 − 𝑅 0
0 0 0

] + 𝜎3𝐼       (22) 

The process of obtaining the deviatoric 

normal stress vector (�̂�𝑛) involves 

transferring a normal vertical plane from the 

geographic coordinate system (�̂�𝐺) to the 

principal stress coordinate system using a 

transfer matrix to obtain �̂�𝑠. In the 

determination of the normal stress 

components on the vertical plane, 

consideration is only given to the SH 

direction, while the isotropic part of the stress 

tensor is disregarded, since it plays no role in 

determining the direction of SH. 

Accordingly, the deflection component of the 

normal stress on the vertical plane is 

expressed as: 

 

�̂�𝑛 = (�̂�𝑠
𝑇𝐷�̂�𝑠)�̂�𝑠 

=  (𝜎1 − 𝜎3)[(𝑠1𝑁𝑛𝑁 + 𝑠1𝐸𝑛𝐸)2 +
(1 − 𝑅)(𝑠2𝑁𝑛𝑁 + 𝑠2𝐸𝑛𝐸)2]�̂�𝑠 = 𝐷𝑛�̂�𝑠    (23) 

where �̂�𝑛 is the horizontal deviatoric stress in 

the direction 𝛼. 

The orientation of SH is obtained through the 

derivation of the magnitude of vector (𝐷𝑛)�̂�𝑛. 
 

𝑑𝐷𝑛

𝑑𝛼
=  (𝜎1 − 𝜎3)[(𝑠1𝐸

2 − 𝑠1𝑁
2 )

+ (1 − 𝑅)(𝑠2𝐸
2 − 𝑠2𝑁

2 )]𝑠𝑖𝑛2𝛼 + 

2(𝜎1 − 𝜎3)[𝑠1𝑁𝑠1𝐸 + (1 − 𝑅)𝑠2𝑁𝑠2𝐸]𝑐𝑜𝑠2𝛼   
 (24) 

Through the process of equating the 

derivative to zero, it is possible to determine 

the points at which 𝑑𝑛 attains its maximum 

and minimum values: 

𝑡𝑎𝑛2𝛼 =
2(𝑠1𝑁𝑠1𝐸+(1−𝑅)𝑠2𝑁𝑠2𝐸)

(𝑠1𝑁
2 −𝑠1𝐸

2 )+(1−𝑅)(𝑠2𝑁
2 −𝑠2𝐸

2 )
            (25) 

 

5. Results 

The present research work has determined 

that the optimal friction coefficient for the 

North Tabriz fault is 0.6. Furthermore, the 

shape ratio value was found to be nearly 

high, approximately equal to 0.95. The 

Plunge value for 𝜎1 and 𝜎3 was observed to 

be relatively negligible and amounted to 3.24 

and 2.06, respectively. A value of nearly 90 

degrees was estimated for 𝜎2, which equates 

to 86.14. The trend values for 𝜎1 and 𝜎3 were 

found to be 146.08 and 55.97, respectively, 

while the same value of 293.51 was obtained 

for 𝜎2. The iterative joint inversion method 

was utilized to estimate the orientation of the 

maximum horizontal stress (SH), resulting in 

an estimation of 𝛼 = 3.787°. The trend and 

plunge obtained from this method for 𝜎1, 𝜎2 

and 𝜎3 were also utilized for this estimation. 

By utilizing the earthquake focal mechanisms 

enumerated in Table 1, we analyze the state 

of the prevailing stress field and the 

orientation of the maximum horizontal stress 

(SH) in the region marked in Figure 1. To 

conduct the stress inversion using focal 

mechanisms of earthquakes, it is necessary to 

differentiate the principal fault plane from the 

auxiliary plane. Failure to obtain this 

information and align the nodal planes can 

lead to inaccurate results. Michael's linear 

inversion method does not offer the option of 

selecting fault planes, but is effective in 

identifying the principal stress direction. The  
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findings of the inversion performed through 

Michael's linear method are presented in 

Table 2. Table 3 demonstrates the outcomes 

of the iterative joint inversion method 

utilized for the North Tabriz fault zone. 

Figure 4 presents the outcomes obtained 

through the iterative joint inversion 

technique, encompassing the orientation of 

the principal stress and the maximum 

horizontal stress orientation (SH). 

The principal stress axes within the NTF 

region are depicted in Figure 5 and the Bar 

graph of the region's shape ratio can be 

observed in Figure 6. The sensitivity of the 

shape ratio relies heavily on the accurate 

selection of faults, with the substitution of 

faults by auxiliary nodal planes leading to 

notable errors. Through conducting 

numerical tests, we demonstrate the 

remarkable robustness of the iterative joint 

inversion method in determining stress and 

fault orientations, resulting in significantly 

improved accuracy in calculating the shape 

ratio. The levels of uncertainty pertaining to 

the principal stresses calculations are 

displayed in Figure 7. 

 
Table 2. The results of inversion by Michael's linear method. 

𝜎1(°) 𝜎2(°) 𝜎3(°) 
Shape 

Ratio 

Trend Plunge Trend Plunge Trend Plunge 
0.8629 

-34.6438 2.7374 -165.6016 85.8282 55.5068 3.1457 

 
Table 3. The results of iterative joint inversion method. 

𝜎1(°) 𝜎2(°) 𝜎3(°) 
Shape 

Ratio 

Trend Plunge Trend Plunge Trend Plunge 
0.9529 

146.0894 3.2476 293.5134 86.1478 55.9719 2.0697 

 

 

Figure 4 The results of the iterative joint inversion method for the direction of the principal stresses and the maximum 

horizontal stress orientation (SH). Fault tracing data is extracted from Hessami et al. (2003a). 
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Figure 5. The principal stresses in the North Tabriz Fault. The circles within the figure correspond to values of 𝜎1, the 

multiplication sign denotes 𝜎2, and the plus sign represents 𝜎3 for each occurrence. The derivations of these 

stresses are indicated by the green color. 

 
Figure 6. The Bar graph of the shape ratio. 

 
Figure 7. This figure presents the levels of uncertainty in the determination of principal stresses. The confidence levels 

for 𝜎1, 𝜎2 and 𝜎3 axes are depicted by the colors red, green and blue, respectively. 
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The graphical technique known as Mohr's 

Circle is utilized for the determination of 

stress on a given plane within a stressed 

structure. Moreover, Mohr's Circle can be 

employed for the three-dimensional depiction 

of stress. Figure 8 depicts the Mohr's circle 

diagram utilizing Vavryčuk's (2014) method 

for the data analyzed in this investigation 

within the North Tabriz fault zone. The 

construction of a Mohr pie chart illustrates 

that the faults identified through the inversion 

process exhibit a prevalence of upper fault 

instability, primarily concentrated within the 

region of validity defined by the Mohr-

Coulomb failure criterion. This noteworthy 

observation serves as compelling evidence 

for the consistency between the data and the 

fault instability model, validating the 

suitability of the iterative joint stress 

inversion technique. Conversely, in cases 

where the faults identified by the inversion 

do not exhibit significant instability, it is 

likely that the fault instability model may not 

be entirely appropriate, thereby resulting in 

potentially less reliable outcomes from the 

iterative inversion methodology. 

 

6. Discussion 

In this study, the focal mechanisms of 

earthquakes in the vicinity of the NTF fault 

system were inverted using the iterative joint 

inversion method to determine the orientation 

of principal stresses and orientation of the 

maximum horizontal stress (SH). An error 

analysis was conducted to ensure the  
 

accuracy of the results. The findings indicate 

that the iterative joint inversion method 

yields highly precise and reliable data, with a 

low error rate and uncertainty as shown in 

Figure 7. The calculated principal stresses 

exhibited minimal errors (maximum 5.933), 

underscoring the suitability of the iterative 

joint inversion method as a means to invert 

focal mechanisms for stress field 

identification, even in cases where the main 

nodal plane is unknown from the auxiliary 

nodal plane. Moreover, the results of this 

study are consistent with the stress studies 

conducted by Afra et al. (2017), Ghods et al. 

(2015), Nouri et al. (2023) and Karakhanian 

et al. (2004). 

The stress axes derived from the inversion 

(as shown in Figure 5) suggest that 𝜎1 is 

oriented in a southeast-northwest direction, 

which corresponds well with the movement 

of the Arabian plate towards the Eurasian 

plate. The area under investigation in this 

study exhibits a considerable shape ratio, 

indicating either a significant dissimilarity 

between the maximum and average principal 

stress or a minor difference between the 

maximum and minimum principal stress. 

The prevailing stress orientation within the 

investigated region signifies a prevalence of 

strike-slip faults adjacent to the NTF fault 

system. The stress direction that was detected 

in this inquiry (~3°) and the trend of the NTF 

fault system (~146°) point towards the 

likelihood of a transpressional mechanism 

governing the NTF. 

 
Figure 8. Mohr's circle diagram for the data analyzed in this study. 
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In this study, the analysis of calculation 

errors was conducted using two methods, 

namely Michael's method and the iterative 

joint inversion method for stress axes and 

shape ratio, in the area under investigation. 

The results demonstrated that the iterative 

joint inversion method exhibited superiority 

in identifying the stress field due to their 

lower error rate (maximum error of 1.9 as 

compared to 23.85 in Michael's linear 

method). An examination of the strike, dip 

and rake variables in the inversion analysis 

revealed that alterations made to the dip 

value have a noteworthy effect on identifying 

the optimal location of horizontal stress. 

As per Anderson (1905) and Célérier (2008) 

study as well as the Anderson’s theory of 

faulting, when it comes to faults and strike-

slip occurrences, the plunge readings for 𝜎1 

and 𝜎3 are anticipated to be in proximity to 

zero, and the plunge value for 𝜎2 is projected 

to be about 90, which corresponds with the 

findings of this investigation. 

 

7. Conclusion 

To understand the deformation of geological 

structures, movements of plates, and 

mechanics of tectonics, it is essential to 

possess the knowledge of stress states. The 

objective of this research was to investigate 

stress regimes in the North Tabriz Fault and 

the northwestern Iran region as a whole. To 

accomplish this objective, a stress inversion 

of 35 compiled focal mechanisms was 

performed to establish the orientation of 

principal stress axes and stress ratio. The 

results of our analysis of the earthquake focal 

mechanisms were indicative of right-lateral 

strike-slip motion, thereby corroborating the 

dominant tectonics in the region. 

The findings validates the presence of strike-

slip movements in the northwestern region of 

Iran and the North Tabriz Fault, which aligns 

with similar investigations conducted in the 

area by McKenzie (1972) and Karakhanian et 

al. (2004). Despite the recent stress mapping 

efforts by Zarifi et al. (2014) that indicate 

northwestern Iran's NW shortening, this 

seismic examination reveals considerable 

heterogeneity in the area, with east-west 

contraction being the dominant feature. 

The present study revealed that the prevailing 

stress, determined via the iterative joint 

inversion method, conforms to the stress 

contour depicted on the world stress map. 

Additionally, the error assessment indicates 

that the iterative joint inversion method 

outperforms Michael's method in identifying 

the stress field. 
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