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The same scaling law for 
large earthquakes and 
small earthquakes?

Breakdown?

(Kanamori and Heaton, 2000)



Breakdowns are artifacts due to missing energy problem?
(Ide and Beroza, 2001)



Previous works
Abercrombie(1995)
Prejean and Ellsworth(2001)

Frequency domain
Q

No breakdown

Problems
The higher frequencies needed to define source 

characteristics of small earthquakes are most affected by 
attenuation along the ray path and by near-surface site 

effects.



Western Nagano

Shallow seismic activity

Borehole in the vicinity of the hypocenters

High frequency data sampling



Western Nagano region



Wettern Nagano

Shallow seismicity
GSJ Borehole with 3-component seismometer (2Hz velocity)





Analysis

1. Frequency domain
Spectrum analysis

2. Time Domain
Stopping phase





Constant Q?
Abercrombie(1995)
Prejean and Ellsworth(2001)
Constant Q →No Breakdown

Frequency dependent Q?
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Constant Q

Brune (1970)

Boatwright and Fletcher (1984)

No change between two :
Brune (1970) and Boatwright and Fletcher (1984)





Q from constant Q analysis  Qp=293, Qs=560
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Frequency dependent Q: coda normalization method





Results from spectral analysis 
• Constant Q ,  Q (f)

• Recording limit
corrected

• Window length

• Location dependence: hypocentral distance
＜7 km　　＜Mw 1.6
＜ 10 km 　1.6 ＜Mw ＜ 3.0







Locations of earthquakesLocations of earthquakes



Elliptical fault modelElliptical fault model

AccelerogramsAccelerograms

Mutual relation ofMutual relation of

Hilbert transform pairHilbert transform pair



Estimation of source parameters
• The inversion method used in this study is presented by Imanishi and Takeo (2002). They 

showed that the rise time and the difference in arrival times between the two stopping 
phases are dependent on the average value of the rupture velocity, the radius of the major 
and minor semi-axes of the ellipse , its ellipticity, the rupture direction, and the 
orientation of the fault plane. 

• The data in the inversion consist of the difference in arrival time between the two 
stopping phases , the P-wave rise time and S-wave rise time  for the 800 m borehole 
station, and the P-wave rise times (, ) for other stations. Thus the total number of the data 
is .



Location of the epicenter for the 1451 
UT event of June 18, 1999 (star) and 
station distribution (squares). NP1 and 
NP2 signify two nodal planes, 
respectively.OTOa is GSJ 800 m deep 
borehole.

Velocity seismograms of SH component for 
the 1451 UT event of June 18, 1999.



Comparison of the Hilbert transforms pairs of stopping phases for the 1451 UT event of June 18, 1999. The SH 
wave displacement is also shown. The waveforms in the C1 and C2 windows are enlarged in the lower half.



Comparisons of SH displacement seismograms with accelerograms. The dashed rectangles represent the timing of 
the two stopping phases.



Seismic moment versus rupture aspect ratioSeismic moment versus rupture aspect ratio



Seismic moment versus source dimensionSeismic moment versus source dimension



Seismic moment versus rupture velocitySeismic moment versus rupture velocity



Seismic moment versus apparent stressSeismic moment versus apparent stress



Conclusions (1) 
• An inversion method using stopping phases has been applied to 25 small earthquakes ranging in size 

from Mw1.2 to 2.6 occurred at western Nagano prefecture, Japan. 
• The 800 m borehole data provide a wide frequency bandwidth and greatly reduce ground noise and 

coda wave amplitude compared to surface recordings. High-frequency stopping phases, Hilbert 
transformations of each other, were readily detected on accelerograms recorded in the 800m borehole. 
As is expected from the synthetic waveforms, the first and secondary stopping phases arrive at 
around the maximum amplitude and the end of displacement pulse, respectively. This suggests that it 
is very effective in applying the present technique to small earthquakes. 

• The rupture aspect ratio was estimated to be about 0.8 on an average, suggesting that the assumption 
of circular crack model is valid as a first order approximation for small earthquakes analyzed in this 
study. 

• Static stress drops range from approximately 0.1 to 2 MPa and do not vary with seismic moment, 
source location and depth. The estimated values are slightly low compared to other tectonic 
earthquakes. Since the area is characterized by the persistent swarm activity, the low stress drop 
might suggest the weak strength of the rock materials in the area. 

• The average values of rupture velocity do not depend on earthquake sizes, and are similar to those 
reported for moderate and large earthquakes. We then calculated the seismic energy following Sato 
and Hirasawa (1973). The magnitude scaling of the apparent stress is almost constant in the analyzed 
events, ranging from about 0.04 to 0.7 MPa. Since most of apparent stresses for large earthquakes are 
in the range of 0.1 to 10 MPa, there may be small differences in apparent stress between large and 
small earthquakes. However, it is likely that earthquakes are self-similar over a wide range of 
earthquake size and the dynamics of small and large earthquakes are similar from a macroscopic 
viewpoint.



Conclusions (2)

Both the spectrum analysis and stopping phase analysis show that it is likely that 
earthquakes are self-similar over a wide range of earthquake size and the 
dynamics of small and large earthquakes are similar from a macroscopic point 
of view.



Further studies

Technical problems
Recording limitations
P: 300 Hz, S: 200Hz

Directivity Effects?

Data
SAFOD
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