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Quantitative Imaging of Small-Scale Heterogeneities
around Active Fault System
as Seismic Wave Scatterers
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While large-scale heterogeneities on the earth have been intensively studied by
seismic tomography with travel-time data, small-scale heterogeneities of less than
several kilometers are not fully investigated yet because of extremely complexity of
seismograms at higher than 1 Hz. We propose a new imaging method in a deter-
ministic manner, using a f~k and polarization analysis, based on an autoregressive
model. We estimated the 3-D spatial distribution of small-scale heterogeneities (i.e.,
scattering coefficients) around the Nagamachi-Rifu fault in a frequency ranges of 2
- 20 Hz. In order to overcome high complex nature of observed high-frequency
seismograms, we used seismograms by dense (i.e., 50 m) three-component seismic
arrays developed in this region for several explosion sources.

Small-scale heterogeneities are characterized by using f-k power level as a kind
of scales of scattering strength such as scattering coefficient. In order to obtain a
reliable distribution of scattering coefficient, we followed the six major steps; (1)
estimating and/or removing propagation effects with Akaike Information Criteria,
(2) obtaining the f-k power spectra in the time-frequency domain of high resolution,
(3) conducting polarization analysis with correlation matrices of three-component
seismogram and determining the scattering mode (i.e., P or S wave arrival) from the
slowness vector and the maximum direction of polarization, (5) correcting source
and station effects using the coda-normalization method, (6) mapping f~k power
spectra as a function of lapse time into each small block in the model space with
relative scattering coefficient.

We found several systematic spatial variations of scattering coefficients, reveal-
ing highly non-uniform distribution of small-scale heterogeneities in this area. As
one of our important results, there are concentrations only for P-to-S scatterers but
not P-to-P scatterers near the surface trace of the Nagamachi-Rifu fault. The dis-
tributions at both 8 and 16 Hz in a depth range of 2 - 3 km do not show any spe-
cific anomalies, while P-to-S scatterers at 4 Hz are localized in the same direction
as that of the surface trace of the fault, implying the possibility of strong hetero-
geneities with a representative scale of 0.3 km (corresponding to the wavelength of

4 Hz) there. Another anomaly with large relative scattering coefficient is found in
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the northwest of the Nagamachi-Rifu fault at the depth shallower than 10 km. As
depth increases, seismic scatterers seem to convert from P-to-P to P-to-S relative
scattering coefficients. This feature implies that the materials composed of seismic
scatterers may show spatial variations from dry cracks to fluid-fill cracks with depth.

Next, we also introduced new two parameters called flat rate and area of each
seismic scatterer that is responsible for scattered wave. Flat rate and area may pro-
vide the nature of waveform of each scattered wave and the simplicity of scattering
process, respectively. Flat rate distinguishes an impulse-like scattered phase for
large value from wavepackets of long duration for small value. Area is small if a
scattering process is composed of a simple one while the summation of many pro-
cesses or multiple process yield a large value of area. As a result, scattered waves
may contain impulse-like waves caused by simple scattering process in the Shira-
sawa caldera region while they are composed of the summation of many sinusoidal-
like phases near the surface trace of the Nagamachi-Rifu fault. We revealed the ex-
istence localized two kinds of seismic scatterers around the Nagamachi-Rifu fault
from the spatial variation of both flat rate and area even though the distribution of
intensity or scattering coefficient is rather constant,

Further studies including more complex phenomena, such as non-isotropic and
multiple scattering, will reveal more physical insight to these small-scale hetero-
geneities, utilizing multiple arrays fully, together with more advanced scattering
models.
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