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Summary

Two relatively large earthquakes on the 11™ of August of 2012, struck the region of
Varzagan and Ahar County, East Azerbaijan Province, NW Iran. The devastation caused
by earthquakes in different regions and prediction of strong ground motions from large
earthquakes has attracted the attention of seismologists to investigate the attenuation
characteristics of the region and source characteristics of earthquakes to better understand
the seismic hazards in different regions. Several recent and historical catastrophic
earthquakes have destroyed different parts of East Azerbaijan Province. The seismic
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hazard map of Iran [published by the Building and Housing Research Center (BHRC)]
shows that most of the cities in this Province are located within the high or very high
relative risk areas. The quality of manmade constructions, especially in small villages and
towns, is usually poor. Residences are generally built without considering seismic design
regulations, so they are highly vulnerable and will collapse under shaking caused by even
moderate earthquakes.

A displacement spectrum contains valuable information regarding the source and
medium characteristics. The source spectrum of an earthquake can be approximated by
the omega-square model (Brune, 1970), which has ®* decay of high frequencies above the
corner frequency. The source displacement spectrum can be estimated from a
displacement record after correcting with diminution function, which accounts for the
geometrical spreading and anelastic attenuation. The anelastic attenuation of seismic
waves is characterized by a dimensionless quantity called quality factor Q (Knopoft,
1964). So far a few studies have been carried out to understand the attenuation
characteristics of the Iranian crust. Examples include the work by Nutlii (1980), Michell
(1995) and Rahimi & Hamzehloo (2008). An analysis scheme for obtaining source
parameters and quality factor Q using the generalized inversion has been presented in this
paper. The work presented here is approximately based on the technique of Fletcher
(1995) and Joshi (2006) that used inversion methods. In this paper, the Brune’s source
model (Brune, 1970) is used together with the propagation filter. This study uses the
acceleration data of the Ahar-Varzagan main shock recorded by Building and Housing
Research Center (BHRC) strong ground motion network. Our main objectives are: (i) to
compute the source parameters of these earthquakes using the acceleration data, and (ii)
to compute the frequency-independent shear wave quality factor in the recorded stations.

In this study to get shear wave quality factor and source parameter in the near field, we
used the strong motion data of the two earthquakes. Source parameters are estimated from
that are related to two events with moment magnitudes of 6.5 and 6.4 in the hypocentral
distance range from 22 to 206 Km. In this approach the theoretical S-wave displacement
spectra, conditioned by frequency-independent Q, was fitted with the observed
displacement spectra. Therefore corner frequency, moment magnitude and frequency-
independent Q for each record are estimated simultaneously and the error estimate is
given as the root-mean-square over all the frequencies. The source terms estimated here
are My, = 1.04E + 26 , My, = 3.26E+25(dyn-cm), f,, = 0.13 , f., = 0.17(Hz), 1, = 13.59,
r, = 8.19(km), Agy = 86.74, Ao, =32.02(bar), A u; =110.4, A u, =50.39(cm), Ty, =9.13,
Ty,=5.51(sec)) and estimated moment magnitude (M, = 6.5, My,,= 6.2) agree well with
values obtained from telesiesmic wave of Harvard University. Estimate of path-average
crustal shear —wave quality factors give a range of Q= 71 to 501 for frequency band of
0.01 to 15 Hz, that for near stations has a low value (high absorption) and for others at the
further distance it has high value (low absorption), which shows good agreement with
high-frequency absorption in near field. Independent estimates of Q at various stations
give its average value of 276.

Keywords: Ahar-varzagan Earthquake, Source parameters, Quality factor, root-mean-
square, Shear wave
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Shabestar | 236 | 021 | 6.36 | 440E+25 | 621 | 81 | 10599 | 417 476 | 10203 | 008
Tabriz4 134 0.05 6.99 | 3.87E+26 26.07 10 52.85 17.53 20.00 59.43 0.05
Tabriz5 123 0.09 6.73 1.57E+26 14.48 23 69.44 9.74 11.11 55.79 0.08
Tasooj 269 0.13 6.63 1.12E+26 10.03 49 103.15 6.74 7.69 129.48 0.10
Varzagan 71 0.28 6.72 1.51E+26 4.66 657 648.74 3.13 3.57 21.30 0.09
Zenooz 276 | 014 | 631 | 367E+25 | 931 | 20 39.32 6.26 7.14 9013 | 007

33 3l gs 3l SOk a1 e e (Slasde a5 57 el e 0ke kS S canir sla el Sl 350 Y J g
St ] 0 | iy | M | Mo@mom) | o | bary | em) | coe0) | cse) | cimy | RS
Astara 399 | 0.08 | 6.59 9.73E+25 16.29 | 9.84 34.01 | 10.95 | 1250 | 182.24 | 0.08
Avin 276 | 0.18 | 6.36 4.36E+25 724 | 5021 | 7713 | 4.87 5,56 | 118.05 | 0.06
Azar shahr 237 | 0.25 | 6.09 1.74E+25 521 53.84 59.54 351 400 | 101.43 | 0.02
Basmanj 145 | 0.15 | 6.29 3.51E+25 8.69 23.38 43.10 5.84 6.67 54.68 0.07
Boran-e-olya | 300 | 0.19 | 6.04 1.47E+25 6.86 | 1987 | 2891 | 461 | 526 | 11831 | 0.04
Esam-Abad | 561 | 0.10 | 6.36 4.37E+25 13.03 | 8.64 23.89 8.76 | 10.00 | 107.16 | 0.09
Germi 470 | 0.13 | 6.20 2.59E+25 10.03 | 11.22 23.86 6.74 7.69 | 130.98 | 0.05
Haris 118 | 0.26 | 6.27 3.2E+25 501 | 111.14 | 118119 | 3.37 3.85 35.80 0.06
Hashtrood 254 | 0.13 | 6.40 5.13E+25 10.03 | 22.27 | 47.36 6.74 7.69 | 108.31 | 0.09
Koraiem 376 | 0.14 | 6.11 1.9E+25 9.31 10.28 | 20.30 6.26 7.14 | 137.80 | 0.09
Lahrood 491 | 0.05 | 6.89 2.72E+26 26.07 6.72 37.15 | 1753 | 20.00 | 91.78 0.09
Marand 225 | 0.12 | 6.37 4.62E+25 10.86 | 15.77 36.33 7.30 8.33 87.39 0.06
Nazarkahrizi | 284 | 0.11 | 6.47 6.42E+25 11.85 | 16.88 42.42 7.97 9.09 | 11956 | 0.04
Nir 442 | 0.06 | 6.63 1.12E+26 21.72 | 4.76 2195 | 1460 | 16.67 | 114.85 | 0.08
Shabestar 207 | 0.22 | 6.26 3.09E+25 5.92 65.08 81.79 3.98 4.55 97.31 0.10
Tabriz4 135 | 0.44 | 5.91 9.51E+24 2.96 | 159.95 | 100.51 | 1.99 2.27 56.91 0.08
Tabriz6 163 | 0.25 | 5.91 9.42E+24 5.21 29.08 32.17 351 4.00 56.68 0.06
Tasooj 263 | 0.23 | 6.16 2.24E+25 5.67 | 53.89 | 64.79 381 435 | 124.06 | 0.07
Varzagan 58 | 0.68 | 6.03 1.41E+25 1.92 | 87794 | 356.97 | 1.29 147 15.01 0.06
Yekan Kahriz | 270 | 0.22 | 6.03 1.43E+25 5.92 30.15 37.90 3.98 455 | 122.60 | 0.08
Zanjireh 255 | 044 | 5.84 7.26E+24 296 | 12223 | 76.81 1.99 227 | 122.94 | 0.06
Zenooz 243 | 0.18 | 6.23 2.85E+25 724 | 3280 | 50.38 | 4.87 5.56 83.96 | 0.08
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