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Abstract

Microtremor array explorations were conducted at 33 sites in the Tokyo Metropolitan area to
estimate the S-wave velocity profiles of deep sedimentary layers. The purpose was to provide data
required to understand the characteristics of long-period strong ground motions in the area. Two
arrays spaced at intervals from 0.3 to 1.0 km were temporarily installed with seven vertical seis-
mometers at each site to record vertical microtremors over periods of 30 to 90 minutes. We applied
a frequency-wave number spectral analysis to the array records to obtain Rayleigh wave phase
velocity at periods from 0.5 to 6 seconds. The phase velocity at each site was inverted to an S-wave
velocity profile down to the basement with an S-wave velocity of 3km/s using hybrid heuristic
inversions. The resultant S-wave velocity profiles were compared to previous 3D models of the area.
We found differences between our results and the previous results mainly at sites located in mar-
ginal parts of the basin. This comparison clearly indicates the need for future improvements to the
existing 3D S-wave velocity model in the area.

Key words: Microtremor exploration, S-wave velocity, Rayleigh wave, Phase velocity inversion,
Kanto basin
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Fig. 1. Map of locations of microtremor explorations in this study and a previous study
by Yamanaka and Yamada (2006) shown by squares and circles, respectively
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Table 1. List of locations of exploration sites
. Station spacing (km)
Station Long. Lat. Obs. date -
Max. Min.
AMI 140.2149  36.0310 Jan. 17,2008 3.48 0.39
ASH 140.5357 36.2306 Mar. 08, 2009 3.52 0.25
CHN 140.2368 35.3863 Jan. 24, 2008 3.49 0.24
CHS 140.8309 35.7302 Jan. 18, 2008 3.59 0.25
EDS 140.3238 35.9560 Mar. 11, 2009 3.42 0.22
HNJ 139.1736  36.2596 Nov. 15, 2007 2.64 0.20
HTS 139.1691 35.0398 Mar. 06, 2009 0.80 0.15
ISH 140.2869 36.1904 Jan. 16, 2008 3.53 0.38
KAM 139.9684 35.1363 Jan. 25, 2008 3.46 0.24
KOT 139.8171 35.6874 Feb. 24, 2009 3.51 0.23
KSR 139.9180 35.3705 Oct. 16, 2008 2.57 0.12
KTU 140.3227 35.1577 Jan. 25, 2008 3.29 0.34
KWM 139.2604 36.1266 Nov. 15, 2007 2.99 0.19
KYO 140.0343 36.3287 Jan. 12,2008 3.46 0.31
MEB 139.0624 36.3769 Nov. 14, 2007 2.95 0.17
MIT 140.4528 36.3691 Jan. 11, 2008 3.66 0.39
MND 139.1370 35.1584 Mar. 02, 2009 3.47 0.25
NIH 140.1575 36.1336  Mar. 09, 2009 3.52 0.22
NKM 140.5954 36.3526 Jan. 21, 2008 3.51 0.37
OSM 139.3599 34.7491 Mar. 05, 2009 1.70 0.21
RYU 140.1825 35.9199 Jan. 18, 2008 3.46 0.36
SGN 139.6191 35.6863 Feb. 25, 2009 3.49 0.24
SIM 139.9677 36.1839 Jan. 11, 2008 3.49 0.39
SKI 139.7996  36.1084 Jan. 16, 2008 3.43 0.27
SMD 138.9449 346712 Mar. 11, 2009 1.64 0.08
TAM 140.4151  36.1050 Jan. 15, 2008 3.36 0.34
TEI 140.4196 35.8308 Jan. 22, 2008 3.49 0.37
TTY 139.8680 34.9946 Mar. 11, 2009 2.64 0.24
YOR 140.1530 35.2867 Jan. 24, 2008 3.49 0.33
YSI 138.9840 36.2594 Nov. 14, 2007 2.44 0.19
YSM 139.4713  36.0320 Nov. 16, 2007 2.68 0.16
YST 140.1968 36.2459 Mar. 12, 2009 3.58 0.21
YWR 140.0109 35.9903 Mar. 10, 2009 3.60 0.24
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Fig. 2. Examples of array configurations of microtremor explorations
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Fig. 3. Rayleigh wave phase velocity observed in microtremor explorations

— 244 —



Wl 7 LA B R B HERIE O S BORE S OHEE

Ea— U274y 78RE (L, 2007 2HWC, L
FLOD K DR S N A AHEREE &2 T L 1ot S I
S EHEE Lc, R oBIciE, vA ) — ok
KE—=FOLZEREL, NAHEEOBNEE FERED 2=
D 2TEMMIR/NCIE DX DITET IS A =5 ZPREL
fo. BBEILT B85 A — 5 RBBO SHHE & BIE &
L, thedr - (L (2006) 221 L CHIREBZ 5D T
4EETVEMRGEL, HERMED SHE#HEIT 3km/s T
HoHELI. BibTBE9i, HED S HEHEDRES,
2km/s VL EONHEESBll S TVWizn & 2EE
LTIT-HdbDThb. £, BEREZNTNLOET—
EMEZHANCG A, PR 3P 0 ER ORI,
1996) 1Tk - T S ki & dish s 70, FaHyicow
FEITIC B 1 28/ ¥ 7 x4 — & OPERFEIE, Table 2 1R
TEBDTHA. 58, BHNMAHSEESERMEICX > T
TSI T X B WIEAITIE, HEITIE U TIEREPH O

km &0 bEW, SEERLEO KOT (LH) Tid, HiE
R 2.5 km THEFO A THIEEFEE OSSR (1213,
81375, 1981) EF[EX7E\\. Fig. 4b OFEHREE T,
tho i IR AR A km A%, FEEBTiE 1km 72
FEEisy, BEBEEOENKEL, BED SIKILET
Vo (B, e i, 2006) EEICHETH B, SF
P bwETld (Figs. 4c, d), HUEFRBZERE D 1 km FEE
OISR, AEEEOE IS T D REL BV, £
15 1l 5, T O BRI AL AR SR EE A i iRt £ 7oV Ic i 4 B A
E—FO LAY = ORERAAHSEE & Fig. 5 Tlhikah
TW5, Z< Ol THIFITE 7 VIc &k - ¢, BAIEAY X
CEtHTcETCWwWA T Enbhs. LarL, OSM T3,
W 1~2 B ot T BUMNE & FRERE 1 SRR 78 X L 2358

Table 2. Search limits in phase velocity inversions

Vs (km/s) Thickness (km) Density (kg/m®)

" ; - 0.3-0.9 0.05-1.0 1800
2 b3 272
BEVREOMEE T - 0713 00522 2000
W 515 5 ic S I RNE & Fig. 4 1T/R T 1.2-1.8 0.05-3.5 2300
FEFETIE, MND (EE) ZkrVOhEEEET I 1 3.0 . 2600
Izu pen & hasin center : — Eastern part
a) 0 e oy BY g DORO PRI [ o g e
w———YOR o= imeetennenny ]
1L --- KTU i ]
] —— KAM 1L ]
=, =  BF %l w :. i 1
£ 1 = £ ?f | )
o 1 Q 3 [=% I 1
[0} [0] B q o [ e—--
o 1 o o e
3t . 3} | ——CHS —YWR|
——KOT +=== HTS | 41 o : —=TEl e AMI
= = SGN OsM me====TAM ---- RYU | A
e MND  --e-- SMD ---- EDS S
4 " 1 1 1 ] 5 I L 4 1 I I |
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Vs (km/s) Vs (km/s) Vs (km/s)
d) 0 Northeastern part e) 0 Northwestern part
I .F‘.‘ﬁ%- 1 L | _q I-1 1 L
- ! i
T o AN 1 1_"= ....... 1
B i : ]
1 oo - —
£ S I
N &
= e 2+ .
a | a2 |
Q [ Q B
o 2l ] o
= s} &
I —ovst —ysm | |
| [ | == HNJ e \Cl
3....|....|........ 4....|....1....|....
0 1 2 3 4 0 1 2 3 4
Vs (km/s) Vs (km/s)

Fig. 4. S-wave velocity profiles inverted from phase velocities in Fig. 3
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Fig. 5. Comparison of observed phase velocity (circles) with theoretical Rayleigh wave phase velocity for inverted
models in Fig. 4 and 1D models by Yamanaka and Yamada (2006) shown by solid and broken lines
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