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ABSTRACT 

One of the recently used methods to image the source and rupture details including velocity, 
extension, direction and duration is back-projection (reverse time migration). Back-projection 
method has some advantages comparing to traditional methods such as finite-fault source 
inversion; since it is much faster (the computation is relatively easier than inversion) and it can 
be applied to different frequency bands, even high frequencies. In this method, seismic arrays at 
teleseismic distances are used to image detail of rupture. To investigate the rupture propagation 
and energy release of 2007/06/18 Mw 5.5, Kahak earthquake a back-projection of teleseismic P 
wave with X4 (China) seismic network array, vertical component data high-pass filtered at 1.0 
Hz is used. According to our results by considering the time shift, which obtained from cross 
correlating 4 seconds of initial P wave, the rupture velocity is in order of 1.9 ± 0.01 kms-1 and 
the rupture front propagates southwest to northeast about 8.0 ± 1.0 seconds. The back-projection 
method usually is used for large earthquakes and using a very dense array, however this 
earthquake is moderate size and seismic array used in the processing is not dense but the results 
are acceptable. 
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INTRODUCTION 
Back-projection method is a simplification of wavefield reverse-time migration (Ishii et al., 
2005) and does not require any prior knowledge (e.g. fault properties, moment tensor, and etc) 
other than an earth velocity model and the location of hypocenter. It is assumed that the first 
part of the seismograms is due to the failure at hypocenter and later parts come from rupture 
front. In many cases, the epicenter is not the most severely damaged region (Xu et al., 2009). To 
determine the rupture propagation is necessary to know which point in source area has caused 
the radiation of energy; therefore a grid of points in source area is set. This grid covers most of 
the aftershocks region. The back-projection analysis used in this study does not have very good 
depth resolution (Wang and Mori, 2011), so that grid is 2D and the depth of grid is fixed at 
hypocenter depth; hence the waveforms are stacked at every time window for all grid points and 
the back-projection method determines which grid points are the source of seismic radiation in 
each time window of the teleseismic P waves. In this method, seismograms are stacked for each 
grid point to obtain a direct image of the source. Resulting maps show the squared amplitudes of 
the stacks, which are proportional to the radiated seismic energy. Since the back-projection 
technique is sensitive to the array geometry, we use array response function (ARF) to choose the 
array which has the least artifact. In order to compute the ARF, the process is the same as used 
for real data except the fact that instead of real seismograms the synthetic seismograms are used, 
the amplitudes are zero everywhere expect predicted travel time. 
 
METHODOLOGY   
Using the method described we back projected direct P wave to each grid points which limited 
area is calculated by distribution of aftershocks and empirical formula among rupture area and 
magnitude. Mathematically stack Si(t) as a function of time at jth grid point can be written as, 
the sigma indicates sum over n seismograms. 
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Where ak denotes weighting factor for each seismogram and defined as, uk is the seismogram at 
kth station and tp

ik is the predicted travel time between ith grid point and kth station. Pk is the 
polarity of kth station and Ak is used to normalize each seismogram. 
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The time correction tk obtained from cross correlation of the initial few seconds of the P wave 
which provides measures of waveform similarity (Ishii et al., 2007). After considering time shift stack 
Si(t) takes form of  
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Processing technique  
As was mentioned seismograms are stacked for each grid point, there are different methods of 
stacking, such as linear and Nth root stacking. If the noise is Gaussian, then the linear stack is 
optimal. Unfortunately the noise distribution is frequently non Gaussian (McFadden et al., 
1987). In this study we use Nth root stacking. due to considerable information about source can 
be extracted out of P wave, it is used direct P wave as it is known P waves detect on vertical 
component of seismograms, thus  we just use vertical components. The observed seismograms 
at teleseismic distances contain mixtures of direct and later phases (Kruger and Ohrnberger, 
2005). Because most of latter phase are of lower frequency content, So we also applied high 
pass at corner 1 Hz to the data.    
 

Data selection 
We collect arrays which stations located at distances 30-90º (teleseismic) of epicenter by using 
IRIS data center (http://www.iris.edu/data). Table1 compares five arrays which stations have 
better distribution and large SNR ratio to others. The stations of each network and great circle 
arc path can be seen in Figure1. Figure2 shows significant difference in the results of array 
response function; warmer colors indicate greater beam power. It is apparent from Figure2 that 
X 4 networks has less artifact. From Figure2 and Figure1 we can see energy seems to swim in 
the direction of the array. 

Table1. Properties of the Five Arrays Considering in This Work. 

Array 
Name 

Number 
of 

stations 

Median 
Station 

separation 
(km) 

Azimuth 
Range (ºN) 

Distance Range 
to hypocenter 

(deg) 

AK 20 60 73-82 33-38 
IC 9 310 51-90 34-59 

MN 7 79 286-303 30-35 
XG 7 30 60-61 52-56 
X4 29 20 73-82 33-38 
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Figure1. The Distribution of arrays. Green color shows AK, Blue Shows IC, Red Shows MN, Yellow Shows XG 

and Pink Shows X4 Network.  

 
Figure2. Array Response Function, all networks, the black star shows hypocenter.  

 
CONCLUSION 
 Our analyses use broadband vertical components from X4 network stations in China. By 
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considering distribution of aftershocks we set a grid of 13×26 points with spacing 0.08º in 
latitude and longitude direction. The depth of grid points is fixed at 11 km (the reported depth of 
hypocenter by ISC). We use high passed filter velocity data with corner frequency of 1 Hz. At 
first we aligned the waveforms on the first arrival and ascribe stacked amplitude to hypocentre. 
The result shows the rupture front propagates from southwest to northeast in speed of 1.9 kms-1 
and the time interval for this propagation will be 8.0 seconds. We observe rupture propagation 
in Figure3. The details of the value of rupture speed and beam power as a function of time is 
showed in Figure4. The back-projection method usually use for large earthquakes (Mw ≥ 6.0), 
however Kahak earthquake is moderate but the results are acceptable. Comparing the calculated 
magnitude by Kanamori formula (1977) to reported magnitude is one way to check the result. 
The back-projection we use in this study examine rupture area 39.5 km2 and the calculated 
moment magnitude by Kanamori formula 5.59 that reported moment magnitude by USGS or  
ISC equal to 5.5 . 

 
Figure3. Snap shots of the rupture propagation in 7 seconds, hypocenter marked by black star.  

 
Figure4. Top shows the location of maximum stack amplitude in each time window as measured from hypocenter in 

km, the color of the circles marked azimuth, the straight line fit to the location and gives the average speed of 1.9 
kms-1. Bottom shows beam power (Normalized peak amplitude) as a function of time, showing one significant 

energy before 10 s. 

 

REFERENCES 
Ishii, M., Shearer, P. M., Houston, H., & Vidale, J. E. (2005). Extent, duration and speed of the 2004 

Sumatra–Andaman earthquake imaged by the Hi-Net array. Nature, 435(7044), 933-936. 
Ishii, M., Shearer, P. M., Houston, H., & Vidale, J. E. (2007). Teleseismic P wave imaging of the 26 

December 2004 Sumatra Andaman and 28 March 2005 Sumatra earthquake ruptures using the 
Hi net array. Journal of Geophysical Research: Solid Earth, 112(B11). 



 1044                                                                                      1395اردیبهشت  23-21-هفدهمین کنفرانس ژئوفیزیک ایران مجموعه مقاالت

 

Kruger, F., Ohrnberger, M. 2005, Tracking the rupture of the Mw=9.3 Sumatra earthquake over 1150 km 
at teleseismic distance, Nature, 435, 937–939. 

McFadden, P. L., Drummond, B. J., & Kravis, S. (1987). The Nth-root stack: a cheap and effective 
processing technique. Exploration Geophysics,18(1/2), 135-137. 

Wang, D., & Mori, J. (2011). Rupture process of the 2011 off the Pacific coast of Tohoku Earthquake (M 
w 9.0) as imaged with back-projection of teleseismic P-waves. Earth, planets and space, 63(7), 603-
607. 

Xu, Y., Koper, K. D., Sufri, O., Zhu, L., & Hutko, A. R. (2009). Rupture imaging of the Mw 7.9 12 May 
2008 Wenchuan earthquake from back projection of teleseismic P waves. Geochemistry, 
Geophysics, Geosystems, 10(4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


