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Fig.2 Target region of the calculation (rectanglar

area). Grid mesh of 1 km spacing is set in the

target region of 250 km (EW) x 250 km (NS) x 

70 km (Depth) volume (inside of the rectangle).

Open squares represent the distribution of the

seismic stations used in the analysis.

Fig.1 Hypocenter distribution of the deep

low-frequency earthquakes (solid) together with

ordinary shallow earthquakes (grey).

Hypocenters of shallow earthquakes (grey dots)

precisely relocated by Ohmi (2002) from October

2000 to March 2001 are plotted. DLF 

earthquakes (solid circles) are from the JMA

catalogue from Jan 1999 to July 2004. Star

denotes the hypocenter of the 2000 Western

Tottori earthquake.  Open squares denote the

seismic stations. Solid line and square represent

the fault model of the mainshock obtained by

Sagiya et al. (2002).
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Fig.3 Example of a pre-processing of the wave-

form data. Original waveform (upper) and cor-

responding pre-processed waveform (lower) are

shown. Pre-processing includes decimation to

10Hz, high-pass filtering, and converting to

envelope waveform.

Fig.4 Test data analysis. (a) Location of the test

hypocenter (upper). (b) Theoretical waveform

data (middle). Spike data are put at the theoretical

arrival time. (c) Distribution of obtained

brightness (lower). It is a cross sectional view of

the brightness distribution at the theoretical origin

time.
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Fig.5 Test analysis using real seismogram. (a) 

Location of hypocenter determined by JMA

(open star) and seismic stations (squares) (left).

(b) Waveform of the target event on a continuous

seismogram recorded at station DP.TRT (upper).

(c) Examples of the waveforms used for the

analyses. UD component seismograms were used

(middle). (d) Distribution of obtained brightness

(lower). It is a cross sectional view of the

brightness distribution at the JMA origin time.
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Fig.6 Analysis of a DLF event. Location of the

hypocenter determined by JMA (upper) and the

waveform of the target event on a continuous

seismogram recorded at station DP.TRT (lower).
Fig.7 Analysis of a DLF event. (a) Examples of

UD component seismograms used for the

analysis. (b) Result of the SSA procedure.
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Fig.8 Analysis of a DLF event using transverse

component seismograms. (a) Example of wave-

forms. (b) Seismic stations used for the analysis.

15 stations were used. (c) Distribution of the

obtained brightness.

(a)

(b)

(c)



S/N

SSA

SSA

DLF

DLF

criteria

DLF

Hi-net

 (2002): 12

 – 

 – 54 pp.575-580.

Ellsworth, W.

L. (2002) 2000

54 pp.523-534.

(2002): -

- 65 pp.123-134.

Hole, J. A. and Zelt, B. C. (1995): 3-D finite-difference

reflection traveltimes, Geophys. J. Int., 121, pp. 

427-434.

Kao, H. and Shan, S.-J. (2004): The source-scanning

algorithm: mapping the distribution of seismic sources

in time and space, Geophys. J. Int., 157, pp.589-594.

Kao, H., Shan, S.-J., Dragert, H., Rogers, G., Cassidy, J. 

F., and Ramachandran, K. (2005): A wide depth

distribution of seismic tremors along the northern

Cascadia margin, Nature, 436, 10.1038 /nature03903.

Kao, H., Shan, S.-J., Dragert, H., Rogers, G., Cassidy, J. 

F., Wang, K., James, T. S., and Ramachandran, K.

(2006): Spatial - temporal patterns of seismic tremors in

northern Cascadia,, J. Geophys. Res., 111, B03309,

10.1029/2005JB003727.

Ohmi, S. and Obara, K. (2002): Deep low-frequency

earthquakes beneath the focal region of the Mw 6.7 

2000 Western Tottori earthquake, Geophys. Res. Lett.,

29, No.16, 10.1029/2001GL014469.

Ohmi, S., Hirose, I. and Mori, J. (2004): Deep 

low-frequency earthquakes near the downward

extension of the seismogenic fault of the 2000 Western 

Tottori earthquake, Earth Planets Space, 56, pp. 

1185-1189.

Imaging the Source Region of Deep Low-Frequency Events

using the Source-Scanning Algorithm

Shiro OHMI and Honn KAO* 

* Geological Survey of Canada, Pacific Geoscience Centre

Synopsis

     We demonstrated the Source-Scanning Algorithm (SSA) to image the source region of the deep

low-frequency (DLF) events. It is difficult to locate DLF events precisely using conventional hypocenter

determination method such as using P- and S-wave arrivals, because of emergent onsets of those phases.

The SSA method just stacks observed seismograms to locate source region of the events, without using the

arrival time information of particular phases such as P or S. Therefore, the SSA method is a powerful tool

to locate the events with emergent onsets such as DLF events. We applied the method to the synthetic and

real seismic data to demonstrate the potential of the method.

Keywords: Deep Low-Frequency events, Source-Scanning Algorithm, hypocenter determination




