En&EF -
Haruko Sekiguchi',

IEWRE - A HUERAFE A, No. 6, p. 21-37, 2006

SHFEFILRBICES TE5HMEBT LMIFEE

Array microtremor survey in northeastern Takada plain
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Abstract: We conducted an array microtremor survey in northeastern Takada plain, on the northern
coast of central Japan, in order to determine the S-wave velocity structure of the sedimentary layers.
This study is a part of a project at AFRC to examine possible long-period ground motions in large-scale
basins or plains with thick sediments. At a nearby deep (5,241 m) borehole site, sonic logging was made
but no measurement of S-wave velocity was performed. Three different sizes of seismometer array with
the largest aperture of 5,000 m were deployed. Phase velocities of Rayleigh waves were estimated in a
frequency range between 0.17 and 5 Hz using the Extended Spatial Autocorrelation (ESPAC) method.
The S-wave velocity structure was inverted from the phase velocity dispersion curve by using a Genetic
Algorithm. Down to about 2,900 m depth, the obtained S-wave velocities are consistent with the
measured P-wave velocities in the view point of Poisson ratio. Below that depth, however, the estimated
S-wave velocities are too high, probably due to dominance or coexistence of higher modes of surface
wave or large estimation error of phase velocity at low frequencies.
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1R, SEEERASE [E M) OWBERERIRZ B E I LI TREE T L.
Table 1. P-wave velocity, density and the top depth of each geological layer assumed referring to
borehole logging data.

o R P i d " E -
Jad (m) (m/s) (glem?) it H
1 0 1400 — . .
> 20 1730 — & <hiin fag)E
3 300 2200 2.1 gt | PELE R R
4 540 2630 2.25 SRR )E
5 1170 3300 2.35 ISR ELE]
6 2150 3950 25 T i SR (L
7 3100 4500 2.4 SR (L
8 4120 5350 — 6000 2.5-2.6 KETILE

H2Hk., T A RREHRCAUE LIC e,
Table 2. S-wave velocity structure used for setting of array size.

o Vs EEEE fEE
BES (s (m) (m)
1 300 0 200
2 500 200 300
3 700 500 500
4 900 1000 1000
5 1400 2000 1000
6 1800 3000 1000
7 2200 4000 1000
8 3000 5000 —

F3HR HETRELLET LA EREBIOE=ZMAFELE.
Table 3. List of size of the seismometer arrays.

TUAFEE | T LAER (m) | EEARELE ()
2886.8 5000
L7LA 1732.1 3000
750.6 1130
866.1 1500
M7 LA 288.7 500
115.5 200
1443 250
STULA 53.4 92.5
14.4 25
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each layer in the inversion analysis.

FRE LT IR & S U B D BRI,
Table 4. Set up of search ranges of S-wave velocity and layer thickness of

E IR - 4L - TR

JE & S IR FEPRFRHIPH [m/s] JEIERER P [m]
1 100 - 300 3-57
2 75 - 225 3-57
3 225 - 675 22-418
4 400 - 1200 24 - 456
5 600 - 1800 63 — 1197
6 800 - 2400 98 - 1862
7 1050 - 3150 95 - 1805
8 1350 - 4050 102 - 1938
9 1600 - 4800 388 - 7372
10 1900 - 5700

5. S W EEREIE D RAE & BIEREAHET — 2 oGk,
Table 5. Obtained S-wave velocity structure and corresponding data of borehole
measurements (P-wave velocity, density and geology).

JE | TKD s (@7 v geasis ) B e e ™ ez

& Vs R | FEEE | Vp wE | FERE W w7

3 (m/s) (m) (m) (m/s) (g/cm?®) (m) i e
J‘%

1 265 6 1400 r *Ig 0.481
-

2 126 32 6 1400 H 0.496
| fRERE

3 473 191 38 1730 80 1t 0.460
fif

4 816 393 229 2200 2.1 300 | #F E'}f}% 0.420
# | HERE

5 1511 689 622 2630 2.25 540 ESRAkE | 0.254

6 2065 650 1311 3300 2.35 1170 TESSEANE | 0.178
+ \

7 2568 974 1961 3950 2.5 2150 ﬂ g | 0.134

8 3049 842 2935 4500 2.4 3100 B | 0.0756

9 4400 2298 3777 25-26 | 4120 KETILJE -

6000 -0.0817
10 4460 6075
koo WEPHPEEA  (1988) JEAERAHE [ MR HHMEMEE LD
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38°40'

#s (m)
Bl 4000
- 3000
- 2000
< 1500
< 1000
= Son
< 200
=< 100
1< 50
= 20
=10
[J= -100
[« -200
< -500
= -1000
[J< -2000
< -3000
= -4000
< -5000
- -6000
< -7000
B -s000
- -9000
- -10000

38°00'

37°20'

137°30' 138°30' 139°30'

LK. BT LA PRAS SR O L. TR B — /N R RE R~ AR — Bk TR A & R 1| —
ISR IT S ENGEDY, A7 + v~ 7T EMEEN Ok CTH D, WMEN T LA A
SRR SE [y )] GEpHPESEYS, 1988) JAA T Sz,

Fig. 1. Map around the microtremor observation site. Grey lines indicate tectonic lines, Shibata-Koide TL,
Kashiwazaki-Choshi TL, and ltoigawa-Shizuoka TL. The area between these tectonic lines is called
Northern Fossa Magna. The microtremor observation was conducted near the borehole site “Takada
plain” (MITI, 1988) indicated by a red circle.
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FLA4AZ
FLaiig | TUTEE | EEARELR P
(m) (m) it
28868 5000 >
L7 LA 17321

| Sl
Tg‘%&d 4@&?@@,

J .' ?%’& ?&,&\.
= ﬁﬁi:gggﬁggsg%ﬁaa
P

2. BEhT LA BISEER (E LT LA, T:MT LA, STLA).
Fig. 2. Location maps of observation points of the seismometer arrays. Upper: L-array, Lower: M- and S-arrays.
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GPS antenna

o T R
&y 7 L o FEA T

bosS
S EFLA

(LE-3D/58) S-J Data logger (L.S-8000SH)
\ Pz 1 7= )] )
At o and battery

3. FEHSTHEA S BT AT A

Fig. 3. Observational system set at each observation point.

Velocity type seismometer

HAK. WET LA BRIORRT (ST LA).
Fig. 4. Photo of the microtremor array observation.
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FE5M. &7 LA OFBRAIZBT 2BUHFESEOF (L7 LA,
FoMT LA, F:STLA).

Fig. 5. Examples of observed waveforms. Top: L-array, Middle: M-array,
Bottom: S-array.
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F6X. #£7 LA OFRBINEIZIE T HBUNRERD /T — 2T hL. Einb,
L7vA, MT LA, STLA.
Fig. 6. Power spectra of observed microtremor. Top: L-array, Middle: M-array,

Bottom: S-array.
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Fig. 7. Power spectrum of the observed microtremor at the center of each array.
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Fig. 8. Results of the phase velocity analysis with the F-K method.
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%9 XK. LR SPAC TEIC K DAAHEEMATRE R (B @ $K8R SPAC IEIC 31T 2 1M
7 — & OZE A AR B D Bessel BIEUZ L 2 lo 7 4 v bR (i
BIREZEOHH) oA, T @ BofRBICHEE S LR . L CiEng
BRTHDHIFET v PRARRKEN GERRRAENNEW) ZEERL
THY, BAFEEEEKDO7 1 v NRADODE =T 2 RKbDT.

Fig. 9. Results of the phase velocity analysis with the Extended SPAC method. Upper:
Fitness distribution. Lower: Obtained phase velocity curve.
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— 251 [BIERE] (11/04)
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Frequency (Hz)

%510 B0, 5 1 [EIEHE & BT CR B AV AR EE SR O el (L T LA, KR
SPAC 1EIZ & D).

Fig. 10. Phase velocities obtained from two observations with L-array. Blue: observation
in Nov. 2005, Red: observation in Dec. 2005.

N
® Source Dir r @ Source Dir
=1{=0.20Hz =1=0.20Hz
—1=0.40Hz — 1=0.40Hz
1=0.60Hz 1=0.60Hz
= f=0.80Hz = 1{=0.80Hz
f=1.0Hz f=1.0Hz

B, F-KIEIZ K OHEE L@ o At Am (2« 55 1R, A4 55 2 [0 .
Fig. 11. Incoming direction of microtremor for L-array observations estimated by the F-K
method. Left: observation in Nov. 2005, Right: observation in Dec. 2005.
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H12 K. HUPHEOHEERE (& SIEHEMIEET V. F o BEERATAHEEE & BLINLF L O L) |
5[ GA WHEHT T/ B NIZET L Z& 7R Lz, JR# T/ L7z Model-1 3R E O 7 /AL
FENRTRANDET VT, TNEREMEE L.

Fig. 12. Results of GA inversion. Upper: Five S-wave velocity structure models obtained by the GA inversion.
Lower: Comparison of observed and analysed phase velocity curves. In each figure, red line is for the
best model with the smallest misfit.
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