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A B S T R A C T  

 

This study aims to investigate the computational effect of Earth's viscosity on the Coulomb stress 
changes. Therefore, several large earthquakes in the Alborz region are selected and Coulomb stress 

changes are calculated in them, then the Coulomb stress temporal changes are shown by assuming the 

earth as an elastic layer on a viscous- elastic half-space. The spatial and temporal changes of the crustal 
deformation process associated with earthquakes depend on several parameters including the thickness 

of the lithosphere, viscosity of the asthenosphere, and dip angle of fault. The findings of this study are 

presented by determining the impact of modeling results on each of the input parameters through the 
sensitivity analysis of co-seismic and post-seismic deformation due to the dip-slip and strike-slip 

faulting. In addition to the useful results reported for the impact of parameters, the obtained results 

indicate the occurrence of numerous aftershocks in a region with increased Coulomb stress from 0.1 to 
0.8 bar and the non-occurrence or low-occurrence of aftershocks in a region with reduced Coulomb 

stress. In addition to the predicted locations of aftershocks, it is also possible to determine the location 

of the next major earthquake using Coulomb stress change calculations. 

doi: 10. 5829/ije.2021.34.02b.07 
 

 

 
1. INTRODUCTION1 
 
Crustal deformation measurement by modern methods 

has an important impact on current tectonic studies. 

Even though these measurements provide valuable 

information about the way of current earth deformation 

for researchers, they have no answer for the causes of 

these deformations. Furthermore, these measurements 

cannot determine and justify the future or past tectonic 

earth behavior [1]. Therefore, different branches of earth 

sciences apply the mathematics and physics-based 

models. In crustal deformation studies, the fault models 

based on the geological, geodetic and seismic 

information provide valuable information about the 

properties and behavior of a fault during the time. Based 

on the previous observations, the models provide 

estimates of future deformations and seismic risks for 

researchers and are so valuable for neighboring big 

cities of active seismic zones [2]. For example, some 

studies have been done using an artificial neural 

networks (ANN) [3] or a  machine learning [4]. 

                                                           

*Corresponding Author Email: tadbirtara@gmail.com (T. Sadeghian) 

Crustal deformation occurs locally at long-term 

intervals (Quaternary and Miocene) due to the 

earthquakes and landslides in major fault systems. 

Considering this fact, the collision boundary of Arabian 

and Eurasian planes are expanded in a large zone 

(almost within the political borders of Iran) and it is in 

fact like a soft wide boundary between two moving and 

colliding Arabian and Eurasian planes. Deformation 

resulting from this collision is distributed in a wide 

range of different faulting systems in Iran.  

This study seeks to indicate the computational 

impact of Earth's viscosity on Coulomb stress changes. 

Thus, several large earthquakes in the Alborz zone are 

selected and their Coulomb stress changes are 

calculated. The Coulomb stress changes are shown 

assuming the earth as an elastic layer on a viscous- 

elastic half-space.  

Modeling makes the temporal prediction of 

earthquakes possible. By modeling the Coulomb stress 

dynamic changes, the fault movements can be typically 

stimulated  by  the  movement  of tectonic plates and the  
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position parameters on these planes in target periods. 

Different points on the planes, typically around the fault 

and created coverage networks around it are modeled by 

changes in the horizontal and vertical positions. These 

points are simulated at defined time intervals. The 

displacement of points over time can be investigated 

and expanded through these tools and models.  

The research on the 1999 Marmara Earthquake 

Sequence in Turkey and the effects of Coulomb stress 

on it can be considered as the studies in this regard [5, 

6] or also the first research on San Andreas Fault and 

the static stress changes [7]. Furthermore, research was 

done by Freed and Lin [8] on the Viscoelastic Stress 

Transfer over time in the 1999 Hector Mine Earthquake. 

Another study in this regard was conducted by Wang in 

2008 on delay and triggering of an earthquake by a 

dynamic interaction between faults in the Xianshuihe 

fault zone in southwest China [9]. Paolucci et al. [10] 

also used a physics‐based numerical approach to a 

model of earthquake ground motion due to induced 

seismicity in the Groningen gas field. 

 

 
2. PROBLEM STATEMENT 
 
2. 1. A Three-dimensional Semi-analytical 
Viscoelastic Model for Temporal Analysis of 
Earthquake Cycles          The earthquake cycle 

analysis for large complex tectonic boundaries, which 

are deformed during thousands of years, needs the 

development of effective and complex models. In this 

study, Maxwell three-dimensional linear elastic semi-

analytical model is introduced and developed for 

utilizing the computational benefits of convolution 

theory in Fourier Theorem [11]. (According to 

convolution theory, the convolutive integrals can be 

solved by Fourier integral method). The new aspect of 

this model is the analytical solution for surface loading 

of an elastic plane on a viscoelastic half-space. When 

the model is fully implemented, the following cases will 

be simulated [12]  

1. Inter-seismic stress accumulation in the upper 

locked section of the fault  

2. Repeated earthquakes in pre-existing fault planes 

3. The response of elastic viscosity under-plane 

asthenosphere after rupture.  

According to the proposed approach, it is possible to 

investigate the thousand years of earthquake cycle along 

with the fault systems with complex three-dimensional 

geometry.  

The long-term tectonic loading, sudden fault rupture 

and post-seismic transient return are among the key 

factors of the earthquake cycle and represent the 

important spatial and temporal characteristics of crustal 

deformation. Understanding these dynamics for 

complex continental borders needs temporal three-

dimensional models that can simulate deformation at the 

large scale of time and space. These models should 

include both the real three-dimensional geometry of 

fault systems and the viscoelastic response of repeated 

earthquakes [13]. Even by limiting the quasi-static mode 

(no seismic waves), these models should include the 

time period from rupture (about 100 seconds) to return 

which takes about 1000 years as well as the longitudinal 

range from the fault thickness (about 500 m) to 

deformation boundary (about 1000 km) [14].  

The pure numerical algorithms, which even can be 

run in the most powerful computers, cannot sufficiently 

solve this wide range of length and time. Therefore, 

there is a need for improved analytical methods to 

reduce the numerical range of issues.  

This study provides a semi-analytical solution for 

the response of an elastic plane overlying a viscoelastic 

half-space due to the time-dependent volumetric point 

forces (Figure 1). Although the presented method 

expands an analytical method [15], it has the 

computational advantages compared to the numerical 

methods and has a qualitative agreement with most of 

the numerical pure studies. The three-dimensional issue 

is analytically solved both in vertical (z) and time (t) 

dimensions. While, a solution is expanded in two 

horizontal dimensions (x, y) in Fourier Transform space 

to utilize the advantages of convolution theory. Using 

this method, the fault horizontal pattern and distribution 

of slip can be without an increase in complex 

computational load. The three-dimensional model 

shown here can be easily run in a computer through a 

network that covers a spatial zone from 1 km to 2048 

km; this model can also be implemented for broader 

networks. 

The viscoelastic half-space has the viscosity 

coefficient of  . 
1d  and 

2d  are the low and high 

locking depth, respectively. The velocity vectors are 

applied in opposite directions to the fault plane. 

Here, the semi-analytical solution to the three-

dimensional viscoelastic issue is expanded for the 

vertical  strike-slip   fault  model   and  it  compares   the 

 

 

 
Figure 1. Three-dimensional fault Fourier model which 

simulates an elastic layer on a viscoelastic linear half-space. 
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numerical results compared to the known analytical 

solutions to assess the accuracy and efficiency of the 

technique. These models are necessary because the 

seismic and geodetic measurements only record a small 

part of the earthquake cycle on the main parts of the 

fault, thus the viscoelastic asthenosphere response 

which involves a long-term fault-fault connection 

remains with a weak bound. Furthermore, the 

mechanical post-seismic deformations leave numerous 

unanswered questions that are associated with the 

rheological parameters and ground time-dependent 

relaxation process.  

Several post-seismic models have been developed 

with adaption to the surface geodetic velocities. These 

models include the poroelastic flow of fluids in the 

upper crust, deep aftershocks and fault zone collapse. 

However, numerous efforts are taken to investigate 

these models from the post-seismic behavior. A model 

based on the viscoelastic connection between the upper 

elastic plane and a viscoelastic linear half-space is 

investigated in this study [16, 17]. 

Furthermore, the effect of gravity is considered in a 

viscoelastic model to ensure the results of vertical 

strikes.  

In addition to understanding the post-seismic 

deformation, numerous studies have focused on the 

three-dimensional development of the stress field. 

Coulomb stress changes caused by major earthquakes 

are utilized to explain the triggering of subsequent 

earthquakes and aftershocks [18–20]. 

Several stress transfer calculations are only based on 

the pure elastic models because the analytical solutions 

Okada [21] can be effectively measured in three 

dimensions for actual geometry of fault and rupture 

history. However, the viscoelastic models are needed to 

investigate the temporal deformation and earthquake 

triggering at the time scales comparable with return 

periods. As a result, several models of actual elasticity 

are developed and applied for stress triggering after 

major earthquakes.  

However, due to the limitations in computer speed 

and memory, most of these numerical models are 

limited with a relatively simple return interval and fault 

geometry. Therefore, the current models do not 

sufficiently show the three-dimensional interaction of 

multiple fault intersection branches covering several 

earthquake cycles. A complete model is combined from 

two concepts which can improve the seismic hazard 

analyses and provide a better understanding of the 

physics of the earthquake cycle [22].  

 

2. 2. Coulomb Stress            Coulomb stress is a 

criterion of shear stress loading on a fault with a 

particular azimuth. Positive Coulomb stress indicates 

the tendency towards the fault plane rupture and the 

negative stress indicates the non-tendency towards the 

fault plane rupture. This thesis uses the method by King 

et al. [7] and defined the Coulomb rupture criterion as 

follows:  

f f n      (1) 

In this regard, 
n  and  are normal and shear stresses 

on the rupture plane respectively and 
f is the effective 

coefficient of friction. The model used in this study 

produces the three-dimensional displacement field 

vector from which the stress tensor is calculated. The 

shear stress and tension are assumed right-handed and 

positive because Coulomb stress is zero at the surface 

and becomes singular in locking depth. Coulomb stress 

is calculated at half locking depth and 
f  is assumed 

equal to 0.6. The main objective is to detect Coulomb 

stress accumulation both before and after the 

earthquake. 

 
2. 3. Coulomb Stress Change Modelling          To 

perform the calculations, a variety of parameters 

especially the parameters describing the reference fault 

(the fault model which is built by optimal input 

geometric and physical parameters and based on which 

the faults are compared) and receiver fault are 

introduced into the model. Reference fault is determined 

with rupture parameters (slip, depth, length and Rake 

angle) and fault geometry (strike and dip angles). The 

receiver plane of fault, on which the Coulomb stress 

change is determined, is described by geometry and 

mechanism of faulting (strike, dip and Rake angles) 

[23]. 
Furthermore, the friction coefficient of the receiver 

fault and the half-space elastic parameters should be 

determined. The friction coefficient is determined from 

0.6 to 0.8 using the experimental samples, but it seems 

that it is possible to change it at the interval from zero to 

0.8 in stress triggering studies. The calculated results 

show a high sensitivity to the friction coefficient. In 

performing the calculations, the coefficient of friction is 

selected equal to 0.6. Therefore, Poisson's ratio is 

selected equal to 0.25, 
5

8 10 bar for Young's modulus 

and 
10

3.3 10 Pascal for shear modulus [24]. 

Rupture parameters are the empirical parameters that 

connect the rupture length, width and average to the 

intensity of earthquakes. 

 

 
3. REFERENCE MODEL  
 
According to Figure 2 for the thickness of the elastic 

layer, the reference value of 41 km is used in this 

regard. Fault plane dip angle is selected equal to 20 

degrees and locking depth above the rupture plane equal 

to 6 km.  
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Furthermore, according to Table 1, the rupture plane is 

considered as the dip and strike-slip rate with a slip of 5 

m and an area of 40×80 square kilometers. Dimensions 

in Figure 2 are selected according to the similar 

geometric values in previous studies [25, 26].  

In addition to the geometry and location of reference 

faulting, the physical environment of the upper elastic 

layer should be described with other values. For these 

parameters, the average international values are selected 

according to Table 2. 

 

 
TABLE 1. Geometry of reference faults considers the Coulomb stress changes modeling due to an earthquake. 

Fault Length (km) Width (km) Locking depth (km) Dip (deg.) Rake angle (deg.) 
Slip 

Strike Dip 

Reference Fault 1 80 40 6.0 20.0 0.0 5.0 5.0 

Reference Fault 2 80 40 6.0 20.0 90.0 5.0 5.0 

 

 

 
Figure 2. The geometry of fault and reference environment 

used in modeling the sensitivity analysis 

 

 

The applied half-space utilizes an elastic layer with a 

thickness of 41 km and a viscoelastic half-space. The 

coordinate system origin is at the top of the fault plane 

center and its x-axis is parallel to the longitudinal 

direction of the fault plane. The upper reference fault 

plane limit is at a depth of about 6 km from the ground. 

The fault plane is 80 km in length and 40 km in width 

and has a dip angle of 20 degrees to the horizontal level. 

 

 

4. DATA ANALYSIS 
 

4. 1. Rupture Parameters         The data of earthquake 

Mw= 7.4 (20.6.1990) in the Rudbar area was used for 

doing the calculations. Characteristics of this earthquake 

are extracted from the CMT catalog which gives us 

information such as the depth and magnitude of 

earthquakes as well as the spatial and temporal 

information. 
 

 
TABLE 2. Physical properties of the elastic layer 

Depth 

(km) 

Wave 

velocity, 

P, (km/s) 

Wave 

velocity, 

S, (km/s) 

Density 

(kg/m3) 
Viscosity (Pa.s) 

41 6.7 3.87 2900 0.0 

4. 2. Dynamic Modelling of Coulomb Stress 
Changes in the Alborz Mountains          It is essential 

to know about the time and place of the severe 

earthquake and possible aftershocks due to the alarm 

before the earthquake and aftershocks to reduce the 

financial and human losses. Therefore, this question 

should be answered how the occurrence of an 

earthquake can cause another earthquake? This fact 

should be taken into account that an earthquake is along 

with faulting or rupture in the elastic crust of Earth. 

Therefore, the rupture criterion should be investigated in 

the elastic crust of Earth (Coulomb rupture criterion). 

According to the Coulomb rupture criterion, the 

tendency of rock to the elastic rupture is subject to 

normal and shear stresses imposed to the assumed 

rupture plane, and if the rate of Coulomb stress is higher 

than the critical limit, the elastic rupture or earthquakes 

will occur. Thus, the time-dependent modeling of 

Coulomb stress changes in the earth's crust caused by 

the tectonic co-seismic, post-seismic and pre-seismic 

activities, can be used as a criterion for estimating the 

time and place of earthquake hazard. This research  

Wells Experimental relations provide the slip rate; 

and we obtain the direction of fault movement, which is 

the boundary condition in this section, through the Focal 

mechanism for a strike-slip fault, for instance, the left-

handed Strike-Slip.  

The experimental relations [27] between the 

intensity of earthquake and rupture parameters are 

utilized to calculate the length and width of rupture as 

well as the detachment due to the earthquake as follows.  

 log 2.44 0.59 wRLD M     (2) 

 log 1.01 0.32 wRW M     (3) 

 log 4.80 0.69 wAD M     (4) 

In the above equations, Mw is the earthquake moment 

rate, RLD is the subsurface rupture length in kilometer, 

RW is the width of rupture along the fault dip in 

kilometer and AD is the average rupture in meter.  
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4. 3. Three-dimensional Modelling of 
Displacement Field and Coulomb Stress Changes          
The model introduced by Okada [28] is utilized for 

modeling the three-dimensional displacement field of 

this earthquake, the results of the calculation are shown 

in Figures 3 and 4.  

 

4. 4. Investigating Coulomb Stress Time Changes 
for Selected Earthquakes           Afterward, Coulomb 

stress changes are measured for nine major mechanical 

and historical earthquakes with magnitudes greater than 

6 in the Alborz region at the intervals of 5 years 

assuming the strike and dip slip receiver faults (the 

faults in these regions are more from these two types). 

The characteristics of selected earthquakes are presented 

in Table 3. Figure 4 to Figure 7 show the Coulomb 

stress time changes at intervals of 5 years assuming the 

strike-slip receiver faults. Figure 8 to Figure 11 shows 

the Coulomb stress time changes at intervals of 5 years 

assuming  the dip-slip  receiver  faults.  Coulomb  stress 

 

 

 
Figure 3. Horizontal displacement model due to the 

earthquake of Mw = 7.4 (20.6.1990) in Rudbar area in meter 
 

 

 

time changes at intervals of 5 years can be seen in 

sequential forms.  

For calculations, an elastic layer with a thickness of 

41 km and a Lame coefficient of 40 GPa on the 

viscoelastic half-space with a Lame coefficient of 70 

GPa and a viscosity of 1.0×1020 Pas. To achieve more 

accurate results, the fault planes are divided into smaller 

pieces. The results of calculations indicate the Coulomb 

stress changes at different time intervals affected by the 

viscosity of the viscoelastic half-space.  

 

 

 
(a) 

 
(b) 

Figure 4. Coulomb stress time changes at 5-year time 

intervals assuming the Strike-slip receiver faults, a- Coulomb 

stress changes during an earthquake, b- Coulomb stress 

changes 5 years after the earthquake. 

TABLE 3. Characteristics of selected earthquake for a dynamic study of Coulomb stress changes 

Faults name rake dip strike Mag. Depth (km) lon (deg) lat (deg) Date (mm/dd/yyyy) 

North Alborz F. 126 30 106 Ms:6.3 12 53.32 36.36 4/11/1935 

North Alborz F. 90 45 120 Ms:6.8 13 52.47 36.07 7/2/1957 

Ipak F. 70 52 101 Ms:7.2 15 49.81 35.71 9/1/1962 

Khazar F. 126 30 106 Mw:6.1 15 54.77 36.68 10/29/1985 

North Alborz F. 24 83 91 Mw:6 30 52.97 35.9 1/20/1990 

Rudbar F. 32 73 300 Mw:7.4 18 49.35 36.99 6/20/1990 

Ipak F. 99 29 295 Mw:6.5 11 49.02 35.6 6/22/2002 

Kandevan F. 98 67 319 Ms:6.4 27 51.57 36.26 5/28/2004 

Khazar F. -156 67 211 ML:6.2 17 54.58 37.4 10/7/2004 
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(a) 

 
(b) 

Figure 5. Coulomb stress changes at 5-year time intervals 

assuming the strike-slip receiver faults: a - Coulomb stress 

changes 10 years after the earthquake, b - Coulomb stress 

changes 15 years after the earthquake 

 

 

 
(a) 

 
(b) 

Figure 6. Coulomb stress changes at 5-year time intervals 

assuming the strike-slip receiver faults a - Coulomb stress 

changes 20 years after the earthquake, b – Coulomb stress 

changes 25 years after the earthquake 

 
Figure 7. Coulomb stress changes at 5-year time intervals 

assuming the strike-slip receiver faults: Coulomb stress 

changes 30 years after the earthquake. 

 

 

4. 5. Numerical Results of Dynamic Changes in 
Coulomb Stress of Rudbar Zone Assuming the 
Strike-Slip Fault             The numerical value of the 

dynamic range for Coulomb stress in the Rudbar zone is 

investigated according to Table 4 for strike-slip faults.  

According to this assessment for strike-slip faults, 

the zones, which have had the increase and reduction in 

Coulomb stress over time, are identified and the 

numerical values of this increased Coulomb stress are 

determined in the North - North East - East – and West 

of Rudbar  zone.  Furthermore,  they  have  had  reduced 

 

 

 
Figure 8. Coulomb stress changes at 5-year time intervals 

assuming the dip slip receiver faults; a - Coulomb stress 

changes during the earthquake, b - Coulomb stress changes 5 

years after the earthquake 
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(a) 

 
(b) 

Figure 9. Coulomb stress changes at 5-year time intervals 

assuming the dip-slip receiver faults a - Coulomb stress 

changes 10 years after the earthquake, b - Coulomb stress 

changes 15 years after the earthquake  

 

 

 
(a) 

 
(b) 

Figure 10. Coulomb stress changes at 5-year time intervals 

assuming the dip-slip receiver faults: a - Coulomb stress 

changes 20 years after the earthquake, b - Coulomb stress 

changes 25 years after the earthquake 

 
Figure 11. Coulomb stress changes at 5-year time intervals 

assuming the dip-slip receiver faults Coulomb stress changes 

30 years after the earthquake 

 

 

Coulomb stress in North West - South East - South and 

Southwest directions. According to Table 4, the farther 

from the center of the faulting plane zone (during a 

constant time), the more the Coulomb stress is reduced. 

Furthermore, this stress is also enhanced both in spatial 

and time dimensions by imposing the 5-year intervals in 

some directions and reduced in other dimensions. 

Furthermore, the rate of changes has been positive in the 

enhanced Coulomb stress zone and negative in the 

reduced Coulomb stress zone.  

According to Figures 12 to 14, it is observed that 

most of the aftershocks occurred in an increased 

Coulomb stress zone. According to the number and 

location of an earthquake that occurred in the 5-year 

intervals, it can be concluded that in zones with high 

Coulomb stress, the earthquakes and subsequent 

aftershocks have been increased. For instance, the center 

of earthquakes in the Rudbar zone increased the 

Coulomb stress zone in 1995.  

As considered, the number of earthquakes that 

occurred in increased Coulomb stress in 2005 was 

greater than 1995 and 2000 and this indicates that the 

number and possibility of earthquakes in these regions 

has been higher over time and by increased Coulomb 

stress. Accordingly, this possibility can be higher for the 

regions with increased Coulomb stress during 2015 and 

2020.  
 

4. 6. Numerical Results of Dynamic Changes in 
Coulomb Stress of Rudbar Zone Assuming the 
Dip-Slip Fault            According to this assessment for 

dip-slip faults, the zones, which have had the increase 

and reduction in Coulomb stress over time, are 

identified and the numerical values of this increased 

Coulomb stress on dip-slip faults are determined in the 

North - North West- and South East of Rudbar zone. 

Furthermore, they have had reduced Coulomb stress in 

North East – South- and Southwest directions. 

According to Tables 5-8, the farther from the center of 

the  faulting  plane  zone  (during  a  constant  time), the 

more the Coulomb stress is reduced. Contrary to strike- 
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TABLE 4. Numerical results of dynamic changes in Coulomb 

stress of Rudbar zone in 5-year intervals assuming 

Time 
Coulomb 

stress 

Distance from 

fault center (km) 

Intervals of stress 

levels in Bar 

During an 
earthquake 

Increase 

0-50 0.6-0.8 

50-100 0.4-0.6 

100-200 0-0.4 

Reduction 

0-50 -0.6 

50-100 (-0.4)-(-0.6) 

100-200 0-(-0.2) 

5 years later 

Increase 

0-75 0.6-0.8 

75-120 0.4-0.6 

120-280 0-0.4 

Reduction 

0-140 (-0.6)-(-0.8) 

140-180 (-0.4)-(-0.6) 

180-350 0-(-0.4) 

10 years 

later 

Increase 

0-100 0.6-0.8 

100-130 0.4-0.6 

130-300 0-0.4 

Reduction 

0-150 (-0.6)-(-0.8) 

150-210 (-0.4)-(-0.6) 

210-350 0-(-0.4) 

15 years 
later 

Increase 

0-120 0.6-0.8 

120-200 0.4-0.6 

220-320 0-0.4 

Reduction 

0-100 (-0.6)-(-0.8) 

100-150 (-0.4)-(-0.6) 

150-250 0-(-0.4) 

20 years 
later 

Increase 

0-130 0.6-0.8 

130-180 0.4-0.6 

180-390 0-0.4 

Reduction 

0-80 (-0.6)-(-0.8) 

80-110 (-0.4)-(-0.8) 

100-110 0-(-0.4) 

25 years 

later 

Increase 

0-150 0.6-0.8 

150-200 0.4-0.6 

200-410 0-0.4 

Reduction 

0-70 (-0.6)-(-0.8) 

70-100 (-0.4)-(-0.6) 

100-170 0-(-0.4) 

30 years 
later 

Increase 

0-160 0.6-0.8 

160-180 0.4-0.6 

180-430 0-0.4 

Reduction 

0-60 (-0.6)-(-0.8) 

60-90 (-0.4)-(-0.6) 

90-150 0-(-0.4) 

 

 
Figure 12. Earthquakes occurred in increased Coulomb stress 

zone in 1995 
 
 

 
Figure 13. Earthquakes occurred in increased Coulomb stress 

zone in 2000 
 

 

 
Figure 14. Earthquakes occurred in increased Coulomb stress 

zone in 2005 

 

 

slip faulting, this stress is reduced both in spatial and 

time dimensions by imposing the 5-year intervals in 

some directions. Furthermore, the rate of changes has 

been negative-positive in the enhanced Coulomb stress 

zone and positive in the reduced Coulomb stress zone.  

 

 
TABLE 5. Properties of earthquakes created in Central Alborz 

and Rudbar zones in 1995 

Magnitude Depth Longitude Latitude 
Occurrence 

Time 
Date 

4.6 48 49.43 38.48 16:54 15/05/1995 

4.4 33 49.33 38.56 21:54 15/05/1995 

4.2 33 46.29 32.57 16:46:13 17/06/1995 

4.1 45 49.4 38.6 16:45:11 06/07/1995 

4.9 63 49.46 37.07 06:56:37 15/10/1995 

3.9 10 49.27 38.98 23:23:47 04/11/1995 
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TABLE 6. Properties of earthquakes created in Central Alborz 

and Rudbar zones in 2000 

Magnitude Depth Longitude Latitude 
Occurrence 

Time 
Date 

3.5 114 45.92 34.3 12:26:50 15/03/2000 

4.2 33 48.17 36.96 3:42:40 10/04/2000 

4.1 40 49.57 37.02 20:32:51 28/04/2000 

3.9 33 48.05 37.95 5:31:17 19/05/2000 

 

 
TABLE 7. Properties of earthquakes created in Central Alborz 

and Rudbar zones in 2005 (from CMT in Catalog) 

Magnitude Depth Longitude Latitude 
Occurrence 

Time 
Date 

3.7 14 49.74 37.06 11:31:38 01/01/2005 

2.6 14 49.83 36.64 7:02:27 02/01/2005 

2.5 49.68 49.68 36.64 0:0:34 09/03/2005 

3.7 48.83 48.83 35.63 5:41:13 10/03/2005 

3.4 48.85 48.85 35.59 12:3:23 08/04/2005 

3.8 43 49.42 36.86 8:44:13 14/04/2005 

2.4 45 49.60 35.66 20:39:2 17/05/2005 

2.5 14 48.96 35.61 7:48:6 03/06/2005 

3.9 14.1 48.75 35.73 3:50:45 24/07/2005 

3 15 49.60 36.97 10:42:22 24/08/2005 

2.5 15.4 49.921 36.72 23:37:42 02/11/2005 

2.7 24.9 49.60 36.68 16:20:55 29/11/2005 

 

 
TABLE 8. Numerical results of dynamic changes in Coulomb 

stress of Rudbar zone in 5-year intervals assuming the dip-slip 

fault 

Time 
Coulomb 

stress 

Distance 

from fault 

center (Km) 

Intervals of 

stress levels in 

Bar 

During an 
earthquake 

Increase 

0-75 0.6-0.8 

70-100 0.4-0.6 

100-130 0-0.4 

Reduction 

0-75 (-0.6)-(-0.8) 

75-130 (-0.4)-(-0.6) 

130-300 0-(-0.4) 

5 years later 

Increase 

0-60 0.6-0.8 

60-80 0.4-0.6 

80-115 0-0.4 

Reduction 

0-70 (-0.6)-(-0.8) 

70-120 (-0.4)-(-0.6) 

120-260 0-(-0.4) 

10 years later 

Increase 

0-50 0.6-0.8 

50-65 0.4-0.6 

65-100 0-0.4 

Reduction 

0-50 (-0.6)-(-0.8) 

50-85 (-0.4)-(-0.6) 

85-220 0-(-0.4) 

15 years later 

Increase 

0-45 0.6-0.8 

45-60 0.4-0.6 

60-80 0-0.4 

Reduction 

0-45 (-0.6)-(-0.8) 

45-80 (-0.4)-(-0.6) 

80-200 0-(-0.4) 

20 years later 

Increase 

0-43 0.6-0.8 

43-55 0.4-0.6 

55-70 0-0.4 

Reduction 

0-45 (-0.6)-(-0.8) 

45-70 (-0.4)-(-0.6) 

70-170 0-(-0.4) 

25 years later 

Increase 

0-30 0.6-0.8 

30-40 0.4-0.6 

40-80 0-0.4 

Reduction 

0-35 (-0.6)-(-0.8) 

35-50 (-0.4)-(-0.6) 

50-140 0-(-0.4) 

30 years later 

Increase 

0-30 0.6-0.8 

30-40 0.4-0.8 

40-80 0-0.4 

Reduction 

0-30 (-0.6)-(-0.8) 

30-40 (-0.4)-(-0.6) 

40-140 0-(-0.4) 

 
 
5. CONCLUSIONS AND SUGGESTIONS 
 
Spatial and temporal changes in the crustal deformation 

process associated with the earthquakes depend on 

several parameters; doing the sensitivity analysis on 

these parameters is very important. Three different 

variables, namely, lithosphere thickness, asthenosphere 

viscosity and dip angle of fault, are some of these 

parameters [29–32]. 

The following results are obtained by doing the 

sensitivity analysis in co-seismic and post-seismic 

deformation due to dip-slip and strike-slip faulting:  

The viscoelastic model sensitivity to input parameters is 

not correlated with the type of faulting.  

(b) 
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Co-seismic and post-seismic displacement analysis 

is highly dependent on the fault slip rate especially at 

the top of the rupture plane.  

The co-seismic displacement analysis is highly 

dependent on the fault plane dip angle. The surface 

measurements in rupture plane are the most appropriate 

information for determining the probable value of the 

fault dip angle.  

Co-seismic and post-seismic displacement analysis 

is a little dependent on the fault length.  

Co-seismic and post-seismic displacement analysis 

is highly dependent on the fault width especially at the 

top of the rupture plane.  

Co-seismic and post-seismic displacement analysis 

is highly dependent on the fault locking width especially 

at the top of the rupture plane and this dependence is 

higher for co-seismic displacement. 

The co-seismic displacement analysis has no 

sensitivity to the viscosity coefficient of the viscoelastic 

half-space, but the deviations from the reference model 

are high at the top of the rupture plane by changing the 

viscosity and elastic layer thickness according to the 

deformation analysis after the earthquake.  A little 

farther, where the horizontal displacement reaches the 

maximum level of another one, the viscosity and 

thickness of the elastic layer have again more impact 

than the dip angle of rupture level. Thus it is suggested 

to measure the viscosity in the zones with large post-

seismic displacement. Furthermore, this zone can 

provide information that is useful for determining the 

thickness of the elastic layer.  

In a general state, the fault dip angle can be obtained 

using the post-seismic deformation information.  The 

best place for finding the value of this parameter is 

where the direction of post-seismic displacement is 

changed. 

The co-seismic displacement analysis shows no 

sensitivity to the density of elastic layer or viscoelastic 

half-space; in contrast, the post-seismic displacement 

analysis shows a little sensitivity to the density of elastic 

layer or viscoelastic half-space, thus it is no suggested 

determining the density of elastic layer or viscoelastic 

half-space by this model.  

The occurrence of an earthquake can change the 

Coulomb stress distribution in the region and this leads 

to moving Coulomb stress changes, moving stress, even 

small, can lead to the rupture of surrounding faults even 

after a long time. This issue indicates the basic needs for 

modeling the Coulomb stress which refers to the future 

seismic hazards in the Iranian earthquake-prone plateau.  

If the change in Coulomb stress is modeled 

considering the inter-seismic properties of faults for an 

inter-seismic period and calibrated according to the 

Coulomb stress changes due to the co-seismic and post-

seismic movements, the obtained model can be utilized 

as a tool for warning before an earthquake or for 

predicting the earthquakes. The accuracy of a model is 

highly dependent on the accuracy of its input 

parameters. The biggest problem in this regard is the 

lack of accurate data on active faults or very little 

accurate information in this regard.  

According to various cases in selecting the reference 

fault geometry and physical properties of a reference 

environment, it is suggested choosing their value 

according to the physical and geometrical characteristics 

of a studied site and concerning the approximate and 

less-accurate values of non-geodetic methods for input 

parameters and their changes in the estimated error 

range of less-accurate methods.  

The distribution of GPS stations is in a way that they 

are not so appropriate for determining the fault locking 

depth. To achieve better results especially in the case of 

locking depth, it is suggested utilizing the denser GPS 

networks especially in areas close to the faults.  
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Persian Abstract 

 چکیده
لدرز  بدگرد در منهقده البدرز ان ودا  و صورت محاسباتی می باشد. بدين منظور تعداد چندد زمدیندر اين تحقیق، هدف بررسی تاثیر گرانروي زمین در تغییرات تنش کولمب به

کشسان، تغییرات زمانی تدنش کولمدب نشدان  -ي گرانروفضاصورت يک اليه کشسان روي يک نیمتغییرات تنش کولمب ناشی از آنها محاسبه شد  است، سپس با فرض زمین به

کدر  و کدر ، گراندروي سسدتاي مرتبط با زلگله، تابع چندين پارام ر است از جمله آنها می توان به ضوامت سنگتغییرات مکانی و زمانی فرآيند تغییرشکل پوس هداد  شد  است. 

لدرز  و بعددلرز  ناشدی از سازي به هر يک از پارام رهاي ورودي با انجام آندالیگ سساسدیت در تغییرشدکل همن ايج مدلزاويه شیب گسل اشار  نمود. به منظور تعیین میگان تأثیر 

-اکثر پدسن ايج ساصل نشان دهند  وقوع لغگ و ام دادلغگ ن ايج اين پژوهش ارائه شد  است. عالو  بر ن ايج مفیدي که در ارتباط با تاثیر پارام رها گگارش شد  است، گسلش شیب

تدوان ها میلرز بینی مکان پسبر پیشها در مناطق کاهش تنش کولمب است. عالو لرز بار و عدم وقوع يا وقوع تعداد کم پس 8/0تا  1/0ها در منهقه افگايش تنش کولمب از لرز 

 هاي اصلی بعدي را نیگ با اس فاد  از محاسبات تغییر تنش کولمب تعیین نمود.لرز مکان زمین
 

 


