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Ahar-Varzaghan earthquake Summary

Doublet On 11 August 2012, an earthquake doublet (Mw 6.4 and 6.2) occurred near the
Coulomb stress changes city of Ahar and Varzaghan, northwest Iran. Both events were only 6 km and
Spatial b-value changes 11 minutes apart, producing a surface rupture of about 12 km in length. It
Seismotectonic model occurred on a so far unknown structure having sparse historical and modern
Comparative study seismicity in the area. According to the earthquake interaction phenomenon

and stress transfer during the earthquake, the Coulomb stress changes was
resolved on four different binary combination of nodal planes of the first and
second mainshocks to specify “optimally oriented” nodal planes for defined
orientation of the principal axes of the regional stress field and an assumed
friction coefficient. Those binary nodal planes were chosen having the best fit to the most positive Coulomb failure
stress changes and good correlation with the spatial distribution of the aftershocks greater than 3 for 3 months after the
earthquake doublet. The results led to the values of 82°, 89°, and 164° respectively for strike, dip, and rake angles of the
first earthquake source fault with right-lateral strike slip mechanism and the values of 7°, 49°, and 31° respectively for
strike, dip, and rake angles of the second earthquake source fault with oblique reverse mechanism. There is also an
excellent correlation between the spatial variation of b-value before the Ahar-Varzaghan earthquake and the stress
increased regions along the optimally oriented source faults. The b-value parameter is actually the slope of the
Gutenberg-Richter law and depends on tectonics and stress distribution in the region.
Based on the Coulomb stress changes calculation, the spatial changes of the b-value before the Ahar-Varzaghan
earthquake, the manifestation of the surface rupture caused by the earthquake, field observations, and the dominant
trend of afterschocks revealing structural dependency of two source faults, we proposed a restraining bend structure and
a complex style of deformation causing the earthquake. The proposed structural model can help to estimate the seismic
hazard risk of future potential failure areas.

Introduction

One of the most common parameters in seismic studies is the b-value that is proportional to the relative earthquake-size
distribution and depends on tectonics and stress distribution in the region. On the other hand, the static Coulomb stress
changes caused by the displacement of a fault, can be used to estimate coseismic stress perturbations in the region.
Comparative study of the spatial variations of the b-value and the Coulomb stress changes, help us to illustrate the
alteration of the stress state and stress triggering relationships before and after the Ahar-Varzaghan earthquake doublet.
The stress-enhanced regions can be specified as the most likely site for the future failure.

Methodology and Approaches
The b-value parameter is the slope of the classical frequency-magnitude distribution of earthquakes relation that can be
estimated either by linear least squares regression or by maximume-likelihood using the following equation (Ustu, 1965;
Aki, 1965; Bender, 1983):

1

b=——
M_Mmin

loge

where M denotes the mean magnitude and M . the minimum magnitude of the given sample. The spatial changes of
the b-value can be mapped using the Zmap software.
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The slip, which occurs on faults during earthquakes, deforms the surrounding medium and changes its stress field. A
measure of this change is the Coulomb stress (Mitsakaki et al., 2012; Meier et al., 2014). The Coulomb failure stress

change ACFS is defined as:
Ao, (ACFS) = Az, + iAo,

where A7, is the change in shear stress on the receiver fault (set positive in the direction of fault slip), Ao, is the
change in normal stress acting on the target fault (set positive for unclamping) and ' is the effective coefficient of

friction (Harris, 1998; Stein, 1999; Toda, 2008). The parameter ' is often called the apparent coefficient

of friction and is intended to include the effects of pore pressure changes as well as the material properties of the fault
zone (Harris, 1998). In this investigation, the Coulomb 3.3 program with assumption of a shear modulus of 3.2 x 10°
bars and Poisson’s ratio of 0.25 has been applied.

Results and Conclusions

In this study, we investigated the spatial variations of the b-value before and after the Ahar-Varzaghan earthquake
doublet in the northwest seismotectonic region of Iran. The spatial variations map of the b-value before the earthquake,
shows doublet events occurred in the lowest b-value area, which is probably structurally different from adjacent areas.
According to the earthquake interaction phenomenon and stress transfer during the earthquake, the Coulomb stress
changes was resolved on four different binary combination of nodal planes of the first and second mainshocks to
specify “optimally oriented” nodal planes for defined orientation of the principal axes of the regional stress field and an
assumed friction coefficient. Those binary nodal planes were selected because of having the best fit to the most positive
Coulomb failure stress changes and good correlation with the spatial distribution of the aftershocks greater than 3 for 3
months after the earthquake doublet. As a result, the values of 82°, 89°, and 164° respectively for strike, dip, and rake
angles of the first earthquake source fault with right-lateral strike slip mechanism and the values of 7°, 49°, and 31°
respectively for strike, dip, and rake angles of the second earthquake source fault with oblique reverse mechanism were
obtained. There was also an excellent correlation between the spatial variation of the b-value before the Ahar-
Varzaghan earthquake and the stress increased regions along the optimally oriented source faults. Finally, static stress
transfer before and after each mainshocks of the Ahar-Varzaghan earthquake doublet and the possible stress triggering
relationships between these mainshocks and their aftershocks were investigated. For this, Coulomb stress perturbations
were resolved on the first and second source faults as a specified oriented receiver fault. Calculations of Coulomb stress
changes indicate the positive stress changes caused by the first source fault have promoted the failure on the second
fault. A relatively good correlation (above 60%) between the spatial distribution of the aftershocks and the stress
increased regions after the mainshocks implies that the aftershocks have been triggered by an increase in the static
Coulomb stress transferred by the events. Therefore, the coseismic stress changes caused by the occurrence of Ahar-
Varzaghan earthquake doublet can specify the stress-enhanced regions as the most likely sites for the future failure.
Based on the Coulomb stress changes calculation, the spatial changes of the b-value before the Ahar-Varzaghan
earthquake, the manifestation of the surface rupture caused by the earthquake, field observations, and the dominant
trend of afterschocks revealing structural dependency of two source faults, we proposed a restraining bend structure and
a complex style of deformation causing the earthquake. The proposed structural model can help to estimate the seismic
hazard risk of future potential failure areas.




