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Abstract—This article describes the results of modeling 
the stress-strain state of the epicentral earthquake zone, 
which occurred on December 26, 2003 in the southeast 
of Iran in the province of Kerman (Bam), before and 
after the formation of the fault. It is shown that the main 
earthquake shock is located in the zone of high intensity of 
stresses, and the formed fault traces this zone on the surface 
and corresponds to its extent. Aftershocks are localized 
in the area of the maximum released stress intensity after 
the formation of the fault. Stress release stimulates the 
discharge of accumulated tectonic stresses in the subsequent 
aftershock process. The results obtained can be useful for 
deterministic approach to assessment and prediction of 
seismic hazard, as well as for geophysical observations 
clearly suited for the goal of predicting strong crustal 
earthquakes in continental regions.
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I.	 Introduction

A strong earthquake with Mw  and seismic moment 
6÷9-1018  occurred in the southeast of Iran on December 
26, 2003. The epicenter of the earthquake was located 
near the town of Bam in the province of Kerman. The 
ancient town of Bam, whose population was more than 
100 thousand people, was practically demolished at 
the moment of main shock, and the number of victims 
exceeded 30 thousand people. The epicenter of the 
earthquake was located at a depth of 10 km [1]. On 
the surface, cracks were found tracing the direction of 
the formed gap 18-20 km long. After the earthquake in 
the vicinity of Bam, a network of seismic stations was 
set up (Figure 1), which registered more than 1,000 
aftershocks M> 2.7. This allowed us to outline the main 
area of aftershock activity (about 25 km in length and 7 
km in width) stretched in the meridional direction [10]. 
Hypocenters of aftershocks were localized at depths from 
6 to 20 km. At the same time, most aftershocks were 
concentrated within the seismogenerating layer of the 
earth’s crust with a thickness of 5 to 15 km. [9]. 

The nearest to the town of Bam tectonic fault (Bam 
fault) is located 4 km east of the town, its length is about 
50 km (Figure 1). In the northwest there is a system of 
meridional faults (Gowk fault). Based on the analysis 

of the mechanism of strong shock and GPS data, the 
regional field of tectonic stresses is characterized by the 
dominant pressure stresses of submeridional orientation 
[10]. The confinement of strong earthquakes to faults in 
crystalline foundation suggests that tectonic faults, as an 
area of destruction of the geological medium [6, 7, 8], 
lead to the formation of a local non homogeneous stress-
strain state (SSS) in the Earth’s crust.

A contemporary view on tectonic faults is related to 
the dispersed geological material therefore they can be 
represented by a model (giant blocked tectonic melanzh 
[11]. The presence in such a homogeneous massif of 
similar dispersion zones, the elastic modulus of which is 
substantially lower than that of the surrounding massif, 
leads both to the formation of anomalous local zones of 
high stress intensity, which initiate the development of a 
fault in a focus of tectonic earthquake [2, 3]. Formation 
of a fault leads to a change in SSS in the epicentral zone. 
In this case, regions of dropped stresses immediately 
adjacent to the new fault arise together with regions of 
increased stresses (at the termination points of a fault) 
exceeding the stresses that existed before the seismic 
event. 

Modeling the stress-strain state in the epicentral 
zone of the December 26, 2003 Bam earthquake made it 
possible to distinguish an abnormally high area of stress 
intensity, which correlates with the stretch zone and the 
length of the predicted fault formed as a result of the 
earthquake. In this case, strong aftershocks with M> 5 
are in the region of high stress intensity preceding the 
formation of the main shock (rupture). The localization 
of aftershocks epicenters and the mechanisms of shocks 
with M ≥ 2.7 suggest that they are associated with the 
zone of ejected stresses, after the main shock.

The obtained results confirm the hypotheses of 
“nonlinear elasticity” of geological medium, where 
the model of SSS of the epicentral zone assumes an 
“instantaneous” release of stresses in the initially elastic 
medium, but the real process goes on with a certain delay 
in the aftershock activity time interval. In this connection, 
the possibility of forecasting the area of a strong tectonic 
earthquake in seismically dangerous regions according to 
the results of SSS modeling of rock massifs destroyed by 
systems of tectonic faults, acquires practical significance.
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II.	 Seismotectonic position of the 
epicentral zone of the December 26, 2003 Mw 

6.6 Bam earthquake 
To the north and south of the city of Bam within a 

radius of 70 - 80 km over the past twenty years, several 
strong earthquakes M> 6.0 were recorded, associated with 
active fault zones of meridional orientation (Nayband - 
Gowk - Sabzavaran system) [10]. The 2003 earthquake 
turned out to be unexpected, since historical data only 
testify to several earthquakes located north of the city, 
and instrumental observations are limited to sufficiently 
remote seismic stations [1]. The parameters of strong 
earthquakes were instrumentally determined on June 
11, 1981 (Mw 6.6) and July 28, 1981 (Mw 6.6). These 
earthquakes and the March 14, 1998 strong earthquake 
(Mw 6.6) are associated with tectonic activity of the 
extended fault of submeridional orientation (Gowk fault) 
[1, 10] (Figure 1). According to GPS-observations, the 
right lateral displacement along the fault is ~ 6 mm / year.

Fig.1. Structural-tectonic scheme and epicenters of strong 
earthquakes in the area of ​​the city of Bam (Iran). ABCD - the 
area of ​​the simulation of the SSS of the epicentral zone of the 

earthquake on 26.12.2003

9 seconds after the main shock, a strong aftershock 
(Mw = 6.5) with an epicenter located south of the main 
shock was recorded [10]. Three days after the main 
shock, a network of mobile seismic stations was set up 
to record subsequent aftershocks. Figure 2 shows the 
area of aftershocks development 25 km long and 7 km 
wide (Figure 2). Aftershocks were registered at depths of 
5 to 15 km, with maximum density in the “layer” from 
9 to 12 km. The spatial distribution of aftershocks and 
crack systems on the surface suggest a submeridional 
orientation of the plane of the newly formed cracks, 
shown in Figure 3 taking the data into account. Figure 
3 also shows the horizontal projection of P-axes in the 
epicenters of registered aftershocks and the position of a 
newly formed crack [9, 10]. These data are used to model 
the epicentral zone of the December 26, 2003 earthquake.

The GPS/GLONASS observations in Iran, 
mechanisms of strong earthquake epicenters north of the 

city of Bam and aftershocks after the December 26, 2003 
earthquake give grounds to assert the prevailing pressure 
stresses in the Bam area with an axis oriented in the range 
0-10 ° relative to the meridian.

III.	 Simulation results of the December 26, 2003 
earthquake epicenter 

The external field of tectonic stresses (border 
conditions) for ABCD square (see Figure 1) was given 
by the following values: σyy = -30 MPa, σxx = -10 MPa. 
The modulus of crystalline basement rocks elasticity E 
= 8x103 MPa, the modulus of elasticity of fault zones of 
the dispersed medium is two orders lower than E = 8x10 
MPa, the Poisson’s ratio μ = 0.25.

Fig. 2. Map of epicenters of aftershocks of the Bamsky earthquake on 

December 26, 2003.
Figure 3 shows the map of stress intensity distribution 

prior to the December 26, 2003 earthquake. High stress 
intensity zones are allocated on it, which could be 
associated a priori with possible zones of initiation and 
development of the fault. Moreover, the zone of high 
intensity of stresses between the Bam fault and Gowk fault 
about 75 km long, oriented in the meridional direction 
has three extremes and is more preferable in forecast 
evaluation of the possible development of seismotectonic 
process.

The distribution map of stress components σyy (Figure 
4) has roughly the same morphology-an extended zone 
of high σyy values between the Bam and Gowk faults that 
extends north and the high σyy region at the southern end 
of Bam fault. Within the framework of the model, it has 
to be expected that abnormally high pressure stresses 
stimulate the start of destruction in the earthquake 
epicenter and the subsequent spreading of the fault.
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Fig. 3. Stress intensity map σi before the earthquake.
From considerations of distraction mechanism (the 

Mohr-Coulomb model), it would be logical to expect 
that the fault began from the area of maximum pressure 
stresses σyy and the minimum values σxx, under these 
conditions the probability of a fault in the form of a shear 
is extremely high.

Fig. 4. Stress map σyy before the earthquake.

Fig. 5. Stress map σxx before the earthquake.
Figure 5 shows the stress tensor σxx component map 

before the earthquake. In the central part of the ABCD 
quadrant, a zone of anomalously low stresses (lower than 
2 MPa, at background values of 10 MPa) is identified in 
the center of the region between Bam fault and Gowk 
fault. The σxx stresses are transformed into strain stresses. 

Figure 6 shows the map of stress components ratio σyy/
σxx. It can be seen that at the initial background value σyy/
σxx = 3, in the central zone between the faults this value 
exceeds background values by 6 or more times.

On the maps (Figures 3-7), the epicenter of the 
main shock is indicated by a star. The epicenter of the 
main shock is associated with an extended zone of high 
stress intensity (Figure 3). Similar results were obtained 
earlier when simulating SSS of epicentral zones of strong 
earthquakes in India and Turkey [2, 5]. At the same time, 
the epicenter of the main shock falls in the area of high 
σyy values at the minimum σxx values, evolving into strain 
stresses (Figure 6).

Fig.6. Map of relations ᴂ (σyy / σxx) before the earthquake.

 
Fig. 7. Map of stress intensity difference (Δσi.) Before and after 

earthquake.
Using the results given in [10], the contour of the 

aftershocks area is indicated on the σyy/σxx ratio map, 
the position of which is determined with an error not 
exceeding 2 km.

From this area of maximum stresses, the fault 
propagates in a submeridional direction and, from 
the analysis of cracks formed on the surface, probably 
occupies the position between the Bam and Gowk faults, 
as shown in Figure 3 by a dotted line. In Figures 3 - 7 
the area of aftershocks localization of is indicated by 
a dotted line. In Figure 4, this area corresponds to the 
zone of maximum stress intensity, which includes the 
epicenter of the main shock. In Figure 5, the aftershocks 
area coincides with the area of maximum pressure 
stresses σyy, which apparently determines the mechanism 
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of aftershocks in this zone. The correspondence between 
the aftershocks area and the area of minimum pressure 
stress σxx is shown in Figure 6.

Formation of a new tectonic rupture (dotted line in 
Figures 6 - 7) leads to a change in SSS of the epicentral 
zone. Relaxation of “secular” accumulated stresses 
occurred as a result of aftershock process. A drop of 
stresses in the area of a new fault stimulated this process. 
The cluster of aftershocks, as shown above, is localized 
in the area of high intensity of stresses preceding the 
earthquake, and the mechanisms of shocks corresponds 
to the condition of submeridional pressure, as shown in 
Figures 3 and 4.

Figure 7 shows the stress intensity difference map Δσi 
before and after the earthquake. In the area adjacent to 
the proposed fault, the level of stress intensity becomes 
significantly lower than the previous level before the 
formation of the fault. At the same time, new zones of 
increased stress intensity arise. It can be seen that the 
zone of epicenters of aftershocks is localized mainly in 
the zone of the dropped stress intensity.

The method used to calculate SSS of the epicentral 
zone (elastic formulation of the problem) assumes that 
“secular” static stresses drop completely in the area of a 
new fault (adequate tectonic fault) in the process of its 
“conditionally instantaneous” propagation. The energy of 
the dropped secular stresses is within 10x16 – 10x17 J. 
Under real conditions, only a part of static secular stresses 
can “conditionally instantaneously” drop - the dropped 
energy of deformation, during the earthquake, does not 
exceed first percent of the dropped energy calculated 
by [2]. The real “non-linear elasticity” of the geological 
medium holds it in the process of aftershock activity, 
because time is required for a drop of static stresses. 
Aftershocks epicenters as elements of elastic properties 
weakness of the geological medium lead to a new stress 
state of the epicentral zone due to a change in its physico-
mechanical characteristics in a much larger volume, 
compared with the volume of dispersed geomaterial of an 
emerging new tectonic fault.

IV.	 CONCLUSION
It follows from the foregoing that:

1.	 The epicenter of the Bam earthquake in Iran, which 
occurred on December 26, 2003, is located in the 
area of anomalously high stress intensity, obtained 
from the data of SSS modeling of the epicenter area.

2.	 It can be assumed that the “starting point” (the 
hypocenter of the December 26, 2003 earthquake) 
is associated with the stress state of the geological 
medium when high meridional pressure stresses 
σyy cause destruction of the geological medium 
at minimum pressure stresses passing into stretch 
stresses σxx.

3.	 The results of SSS modeling in the area of the source 
of December 26, 2003 earthquake correspond to the 
mechanism of the main shock source obtained from 
seismic data.

4.	 Orientation of the “plane” of the fault and its length 
are adequate to the zone of high stress intensity 

obtained as a result of SSS modeling of the Ms 6.9 
earthquake of December 26, 2003 epicentral zone.

5.	 The strong aftershocks that followed after the main 
shock are localized in an abnormally high stress 
intensity zone preceding the main shock.

6.	 After the formation of tectonic fault, SSS of the 
epicentral zone changed. There are areas of intensity 
drop adjacent to the newly formed fault in the area of 
increased stress intensity.

7.	 The zone of epicenters of aftershocks (including more 
than 1000 events) with a length of 26 km and a width 
of 7 km is localized in the zone of high intensity of 
stresses preceding the main shock. In this zone, after 
the earthquake (i.e., after the newly formed fault), 
the stress intensity decreased substantially as a result 
of the development of the subsequent aftershock 
process.

The results of SSS modeling of the epicentral zone of 
the Mw 6.6 strong earthquake in Iran of December 26, 
2003, are adequate to the SSS modeling results of the 
epicentral zones of two strong earthquakes in India [3]. 
Summing up the results of the presented article and the 
specified works, it is possible to assert:

1.	 SSS modeling of epicentral zones of strong crustal 
earthquakes in continental regions allows us to 
retrospectively identify regions of localization of 
epicenters of possible strong earthquakes.

2.	 The length of local stress intensity zones is adequate 
to the extension of the formed fault and can serve as 
a predictive criterion for the magnitude of a possible 
tectonic earthquake.

3.	 Formation of a new tectonic fault leads to a change 
in SSS of the epicentral zone, - regions of resetting 
the “static” stresses and local areas of their increase 
arise, which are associated with epicenters of 
subsequent strong aftershocks.

Thus, the analysis of the results of modeling the 
Mw 6.6 earthquake epicentral zone of December 26, 
2003 in comparison with seismological data gives hope 
for the possibility of predicting the location and energy 
of a possible maximum earthquake in seismotectonic 
environment, similar to the Bam area in southeastern Iran.

The work was performed as part of research works on 
the state task of the Ministry of Science of the Russian 
Federation
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