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Abstract: We conducted array microtremor surveys at five sites in the Oita plain, west Japan, in order to
estimate the S-wave velocity structure of the sedimentary layers. Three to five different sizes of
seismometer arrays were deployed at each site with the largest aperture of 750 to 1600 m depending on
the depth to the basement speculated from gravity anomaly data. The phase velocities of the Rayleigh
waves were estimated with the Spatial Autocorrelation (SPAC) method and partly with the Extended
SPAC method. The S-wave velocity structures were obtained from the phase velocity dispersion curve
with Genetic Algorithm. Depth to the basement estimated at every site was comparable to that having

been imaged by seismic reflection surveys.
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Table 1. List of the properties of microtremor arrays.

& EA— - AR - IR - AR

4 T LA [ETds A4 [ | edkE sk 7 LA HULLE HER BRAAIEZ] | & THREZ
?%Aj( — /N, [Hz] s W (yyyy/mm/dd)
ritlEl o) ] [deg.] [deg.]
[deg.]
NSS [ L (1600 m, 800 m) 53.8 50 33.2550 131.6384 2006/12/14 09:30 11:36
M (300 m, 100 m) 27.5 100 33.2545 131.6388 2006/12/14 14:30 15:28
N (20 m) - 200 33.2516 131.6291 2007/01/12 10:15 10:45
MSA | L (1500 m, 700 m) 8.9 50 33.2641 131.6831 2006/12/13 09:50 12:29
M (300 m) - 100 33.2633 131.6840 2006/12/12 14:04 15:04
S (60 m) - 100 33.2640 131.6825 2006/12/12 14:33 15:02
N (20 m) - 200 33.2641 131.6828 2007/01/12 11:21 11:42
AOS | L (1480 m, 800 m) 73.7 50 33.2600 131.7068 2006/12/15 10:00 13:00
M (300 m) - 100 33.2617 131.7087 2006/12/15 14:30 15:36
S (60 m) - 100 33.2643 131.7091 2006/12/15 14:37 15:28
N (20 m) - 200 33.2632 131.7083 2006/12/15 14:18 14:38
TRS | L (1000 m, 510 m) 68.8 50 33.2261 131.6907 2006/12/16 09:30 11:20
M (200 m) - 100 33.2261 131.6905 2006/12/13 14:20 15:17
S (50 m) - 100 33.2254 131.6905 2006/12/13 15:00 15:45
N (20 m) - 200 33.2254 131.6906 2006/12/16 12:01 12:13
MRG | L (750 m, 300 m) 53.0 50 33.2022 131.6855 2006/12/12 10:50 12:10
S (80 m) - 100 33.2033 131.6863 2006/12/12 13:00 13:31
N (20 m) - 200 33.2023 131.6856 2007/01/12 14:00 14:22

2R EATCHOTBUT — 2 D7 4 V& — .
Table 2. List of filtering frequency ranges.

JE I i P [Hz)

NSS

0.1-1.0

0.1-2.5

1.0-10.0

MSA

0.1-2.0

0.1-7.5

0.1-10.0

1.0-10.0

AOS

0.1-2.0

0.2-5.0

1.0-10.0

0.5-10.0

TRS

0.2-2.0

02-25

0.5-75

0.8-10.0

MRG

0.4-3.0

0.8-10.0

Zlwnlc|z|ln|Z2lc|z|lwn|Zc|zlwn|Zez|Z| e

0.8-10.0

B3 %K. S PR K OEE OPRSR I (NSS, MSA, AOS).

Table 3. Search ranges of S-wave velocity and layer thickness
of each layer in the inversion analysis using GA for
sites NSS, MSA and AOS.

300

S-wave velocity [m/s] | Thickness [m]
1 80 - 400 0-300
2 400 - 800 100 - 1000
3 600 - 1300 100 - 1600
4 800 - 1800 100 - 3000
5 1300 - 2500 100 - 4000
6 2700 - 3300 -




H4E. SHHES LOHEEOREGM (TRS, MRG).
Table 4. Same as Table 3 but for sites TRS and MRG.

S-wave velocity [m/s] | Thickness [m]
1 80 - 400 0 - 500
2 400 - 800 5-1600
3 600 - 1500 5-1600
4 1000 - 2500 5-2000
5 2700 - 3300 -

6. S WHE DRI A 5 < L2 BROPR R

(TRS, MRG).

Table 6. Same as Table 5. but for sites TRS and MRG.

S-wave velocity [m/s] | Thickness [m]
1 100 - 400 0-500
2 600 - 700 0 - 2000
3 1000 - 1100 0 - 2000
4 1500 - 1800 0-3000
5 1900 - 2100 0 - 4000
6 2700 - 3300 -

58 . REPIIBFETRAIIMR & OB BHEE ST D45

HB D S i L.

Table 8. Relation of S-wave velocity to geological units along
the Ohno-gawa river speculated from Fig. 21.

S-wave velocity [m/s]
ME)E
Holocene 200
K5y - TR LS 600 - 700
upper Plio-Pleistocene
K55 - TRRB D T 1000
middle Plio-Pleistocene
K7y - TRRBEED T ? 1500
lower Plio-Pleistocene ?
K7y - AT RAREC) T 2 2000
lower Plio-Pleistocene?
=) TR 000
Basement (Metamorphic rocks)
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¥ 5 R S WHEOHIKIZ IR LTBRO SRR R (NSS,
AOS, MSA).

Table 5. Search ranges of S-wave velocity and layer
thickness for strongly constrained case for sites
NSS, MSA and AOS.

S-wave velocity [m/s] Thickness [m]
1 100 - 300 0 - 500 (0-200:NSS)
2 600 - 700 100 - 2000
3 1000 - 1100 100 - 2000
4 1500 - 1800 100 - 3000
5 1900 - 2100 0 - 4000
6 2700 - 3300 -

57K KRONEHERARBRE NSS Mmoo
HEE SN DEHED S L.

Table 7. Relation of S-wave velocity to geological units
around Oita-gawa river speculated from Fig. 20.

S-wave velocity [m/s]

Koy - WEFEERED

. . 300
upper Plio-Pleistocene
Koy - WEFEERED T

. . 700
lower Plio-Pleistocene
KN EHE 2 1500
Upper Cretaceous ?

*HQ Ly

ol 3000
Basement
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Fig. 1. Map around the Oita plain, microtremor observation site.
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Fig. 2. Location map of observation arrays (triangles with circles), reflection surveys (red curves: Yoshimi et al.
(2007), and green dashed curves: Oita prefecture (1999,2001)), geologic faults (dashed lines in blown:
Yoshioka et al. (1997)), active faults (dashed lines in red: Chida et al. (2004)) and geology (from Yoshioka
et al.(1997)).
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33.3 33.3
33.2 33.2

131.5 131.6 131.7 131.8

3 M. BN AJRLOT 7 — R ((UEEE 2.67 glem’, HEFAEIRAS L2 —, 2004).
Fig. 3. Bouguer anomalies (assumed density 2.67 g/cm’, GSJ, 2004) around the observation area
(red open circles) and reflection profiles nearby (red curves).
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Fig. 4. Location map of observation points of the NSS seismometer array. Every termination of
line segment denotes observation point.

304



TE T LA PR THEE L7 KRG B O S s i i

. -"-:. S MSA (Eﬁ’:) 7 L4 -
Dae® | 2006/12/13 /44

(et 2006/12/112 (M,S7 LA ) *
; : 2007/01/12 (N7 L A)

SRETH.

54, MSA 7 LA FdfE s (R ﬁ%‘ﬁm.ﬁ X, WrEhirEETHIED> (2004)).

Fig. 5. Location map of observation pomts of the MSA seismometer array.

 XBIAERAD
i AOS (Fl5) 7&4@3?&
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%6 [X. AOS 7 LA Bl ¥ GEENIR AT, WriEhEl T miEo> (2004)).

Fig. 6. Location map of observation points of the AOS seismometer array.
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Fig. 7. Location map of observation points of the TRS seismometer array.
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Fig. 8. Location map of observation points of the MRG seismometer array.
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Fig. 9. Observational system used at each observation point.
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Fig. 10. Photo of microtremor array observation (MSA-S array).
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Fig. 11. Examples of observed microtremor velocity records.
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Fourier Spectra[cm/s *s]

Fourier Spectral[cm/s * s]
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Fig. 12. Fourier velocity spectra of observed microtremor records shown in Fig. 11.
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Fig. 14.Comparison of obtained phase velocities.
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Fig. 15. Results of GA inversion. Left: S-wave velocity structures estimations for NSS site. (red line:
with search range of Table 3, blue: with search range of Table 5, green: with search range of
Table 5 excluding the fifth layer). Right: Comparison of observed (open circles) and
theoretical (curves) phase velocity (red and blue curves are often hidden behind blue one).
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Fig. 16. Same as Fig. 15 but for MSA site.
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Fig. 17. Same as Fig. 15 but for AOS site.
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Fig. 18. Same as Fig. 15 but for TRS site.
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Fig. 19. Same as Fig. 15 but for MRG site.
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Fig. 20. Comparison of the S-wave velocity structure estimation of NSS site with the depth section of reflection survey along Ooita-gawa river
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Fig. 21. Comparison of the S-wave velocity structures estimations and the depth section of reflection survey along Ohno-gawa river (Yoshimi et al., 2007).
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