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Estimation of subsurface velocity structure under Yufutsu Plain by using
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Abstract: We conducted a series of microtremor array surveys with large array aperture and long
observation time, and estimated the S-wave velocity (Vs) structure at three sites in Yufutsu Plain where
long-period (several to over 10 seconds) ground motion was observed during the 2003 Tokachi-oki
earthquake (Muyma 8.0). The observation sites are located in (1) an oil storage base in the eastern
Tomakomai area (ATM), (2) an oil refinery in the urban area of Tomakomai (TIP) and (3) the Chitose
K-NET seismograph station (HKDI184, CTS). The data of the microtremors observed at three sites were
processed using both the spatial autocorrelation method and the frequency-wavenumber spectrum
method according to the analysis procedure of Feng ef al. (2004), and the dispersion curves of the
fundamental-mode Rayleigh waves at three sites were obtained. The measured phase velocities of about
0.3 to 2.0 km/s in the frequency range of about 0.15 to 4.0 Hz were inverted to the Vs structures for the
depths of down to 3.7 to 6.3 km, with a method that combined the generic algorithm with the least square
technique (Feng et al., 2005). We assumed that the velocity structure models consist of seven layers and
the basement layer has an S-wave velocity of about 3.2 km/s in reference to Suzuki ef al. (2004). The
estimated Vs structures at the three sites for seven layers, from the surface to the bottom, were: lower
than 0.3 km/s, 0.4 to 0.5 km/s, 0.7 to 0.8 km/s, 1.2 to 1.4 km/s, 1.6 to 1.9 km/s, 2.2 to 2.3 km/s, and 3.2 to
3.3 km/s. Our interpretations for each layer are: the Quaternary for the upper two layers, the Pliocene for
the third layer, the upper Miocene for the fourth layer, the middle Miocene for the fifth layer, the lower
Miocene to upper Cretaceous for the sixth layer and the basement. In addition, the top depths of the
seismic basement were estimated as 6.3 km at ATM, 5.1 km at TIP and 3.7 km at CTS.
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Table 1. P-wave velocity, S-wave velocity and density of each geological unit from existing

geological data (Suzuki et al., 2004).

P s A7 3 R JE
T W S e FE B
(km/s) (km/s) (g/cm?)

AP

. 1.8 0.48 1.9
(LAY FAR)

EPTHT 2.1 0.7 2.0
T 2.5 1.1 2.2
HES R BT 3.3 1.7 2.3
T T~

. 4.0 22 2.45
EEH R
FLAE A 5.5 3.2 2.65
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Table 2. List of array size in arrangement of seismometer array employed at the three sites.

ATM Hi st TIP i CTS Hi153
TLvA | ToA | ZARKE | TLA | TbA | ZARKE | TLA | T4 | ZAFIKE
B | PR m) | LR m) | FE | ERm) | 2R m) | FEE | ERm) | LR m)
2598.1 4500 1882.2 3260 2309.5 4000
L1 1299.0 2250 866.1 1500 L 1154.7 2000
692.8 1200 558.9 968 577.4 1000
2309.4 4000 1010.4 1750 721.7 1250
L2 1732.1 3000 374.1 648 M 288.7 500
866.0 1500 57.7 100 115.5 200
866.0 1500 288.7 500 173.2 300
M 446.3 773 57.7 100 S 43.3 75
173.2 300 28.9 50 17.3 30
230.9 400
S 57.3 100
17.3 30
H3FK. MENT Y XA X LW CRE L& 8O S I & g o PRAE L.
Table 3. Search ranges of S-wave velocity and layer thickness of each layer set up in the inversion
analysis using a generic algorithm.
. S W L HLViE PR HIPH JeE = L E PRERHGIH
e
(m/s) (m/s) (m) (m)
1 300 225 ~ 375 70 35~ 105
2 500 375 ~ 625 250 125 ~ 375
3 700 525 ~ 875 700 350 ~ 1050
4 1200 900 ~ 1500 1500 750 ~ 2250
5 1600 1200 ~ 2000 1500 750 ~ 2250
6 2200 1650 ~ 2750 2500 1250 ~ 3750
7 3200 2400 ~ 4000

B4 3HUTTHEE SN O S PO & 20 S Pl b Ludwig er al. (1970)
DBIRR A IV TR H ATz Pl s & gL
Table 4. Estimated S-wave velocity of each layer at the three sites, and P-wave velocity and
density which were obtained from the estimated S-wave velocity using the figures
shown by Ludwig et al. (1970).

I= CTS Hi= TIP Hi5 ATM Hi5
% Vs Ve I Vs Ve i Vs Ve i
77| (km/s) | (km/s) | (g/em®) | (km/s) | (km/s) | (g/em®) | (km/s) | (km/s) | (g/em?)
1 0.27 1.68 1.77 0.25 1.66 1.76 0.30 1.70 1.78
2 0.54 1.92 1.83 0.40 1.79 1.79 0.50 1.80 1.82
3 0.70 | 2.06 1.90 0.70 | 2.11 1.92 0.80 | 2.18 1.95
4 1.25 2.63 2.13 1.40 | 2.87 2.20 1.15 2.58 2.12
5 1.60 | 3.17 2.26 1.85 3.64 2.35 1.65 3.21 2.27
6 2.30 | 4.23 2.43 2.20 | 3.84 2.37 2.15 3.92 2.38
7 3.30 | 5.70 2.65 320 | 5.60 2.63 3.15 5.40 2.60
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Fig. 1. A geological section of Yufutsu Plain along the A-A’ line in the index map (lower right). This figure
was modified from Suzuki et a/.(2004). The red lines show the location of observation sites
projected on the section.
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Table 5. Relation of the estimated S-wave velocity structures and the top depths of
each layer at the three sites to existing geological data (Suzuki ef al.,2004).
CTS Hi1% TIP Hhad ATM Hi gARIED (2004)
Je&
i) i I
Fl v, | BE v, | BE | v, | BE | v, | RmEGEE
= S TREE S TREE S TREE | MR S
= | (km/s km km/s) | (km) (km/s) | (km) (km/s) (km)
(m/s) | k) (km) ( (km) (km)
1 0.27 | 0.03 - 0.25 | 0.05 -- 0.30 | 0.07 --
CAES 0.48 -
2 0.54 | 0.22 | 0.03 | 040 | 0.19 | 0.05 | 0.50 | 0.15 | 0.07
3 0.70 | 0.60 | 0.25 | 0.70 | 0.59 | 0.24 | 0.80 | 0.45 | 0.22 RERTHE 0.70 | 0.1~0.8
4 1.25 | 0.77 | 0.85 1.40 | 1.65 | 0.83 1.15 | 0.80 | 0.67 | Ef#Hgst | 1.10 | 0.3~1.7
5 1.60 | 0.88 | 1.62 1.85 | 0.95 | 2.48 1.65 1.50 | 1.47 | HisERe | 170 1.8~2.5
TN
6 230 | 1.22 | 250 | 220 | 1.70 | 3.43 | 2.15 | 3.35 | 2.97 ~ 2.20 3.5
B EHE
7 3.30 - 3.72 | 3.20 - 5.13 | 3.15 -- 6.32 FAE A 3.20 5~7
ZEm(m) W CTSHIRZE yuoe NS=-146kmifFE BE® mmase
2000 ﬁ@“:rﬁﬁg rﬁﬁl | — RS T2LE]
o | ATMith &5 [PEEE L
./—N [Pi‘H_’,,ﬁ v = L
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-2000 = | Z,
* MO
Rk ® 7S RATERERE
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7000 [ REEREREARES | BEE - q 1%
AT THY, I | . o L
-8000 HEBE D HEE 0 OEOER o B = EXMOHE = Fbﬁ%ﬂlﬁ?ﬁ‘ //A _\ﬁﬁﬂi' :’A’
s THEHH = HE=% = LHAFR 0 BEREE J\ L ey
9000 . ! : . . R : i o
-50 50 < |G
X(km) 200 100 0 100 200



WENT LA PRENC KD B FEFIRE L T ARG OHEE

K-NETER: =

(HKD-184F &%) |
e T
-\ Eh o R : ""jr?\.\\._\_=.\"

(= ATMiE R

TIPS & MR ER T RS
B  bEEEFEEESES
1t B —

2. 3 AR OAER. EEHEEBERIT O 20 L4y 1 B TN & .

Fig. 2. Location map of three observation sites. ATM : Oil storage base in the eastern
Tomakomai, TIP : Oil refinery in the urban area of Tomakomai, CTS : Chitose K-NET
seismograph station (HKD184).

%3 BN EART LA IR (ZEROERSIE =AY L A).
Fig. 3. Layout for one set of triple-concentric-triangle arrays. The numbers in
the circle show the location of observation points.
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Fig. 4. Observational system used at each observation point.
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B5X. BHEEI DO/ T — 27 FL. (a) FBIHE (ST _NO.01~10) DO/XT—2~7 hLfF]. (b) £
M (ATM, TIP, CTS) /8T —2~L7 hLf. FAKMEEIX 163.84 W TH 5.

Fig. 5. Power spectra of observed microtremores. (a) An example of power spectra of each observation point (ST _NO.01
~10) at ATM observation site. (b) An example of power spectra of each observation site (ATM, TIP, CTS).

Block length is 163.84 (s).
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Fig. 6. Results of phase velocity of each observation site analyzed with
the F-K method using L array and M array data of the observed
data at each site. Circle marks mean ridges of f-k (frequency-
wavenumber) power spectrum with the F-K method. Red lines

show finally decided dispersion curves.
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Fig. 7. Results of the phase velocity of each observation site analyzed with the SPAC method using all
of the observed data. The term “observed SPAC” stands for the Spatial Autocorrelation
Coefficients of the observed data. The background shows the fitness to the “observed SPAC”.
The fitness means the inverse of the approximation error. The color scale from blue to red
shows an increase of fitness and the black circle marks show the ridges. The same finally
decided dispersion curves as the red line in Fig. 6 are also drawn as the pink line for reference.
In the about 0.3 to 1.2 Hz frequency region (dashed line section) of ATM site, the high order
mode is considered to have affected the phase velocity analyzed with the SPAC method.
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Fig. 8. Finally decided dispersion curves at each observation site. Filled circle marks for each
observation site were interpreted as the fundamental mode of Rayleigh wave.
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Fig. 9. Five results of S-wave velocity structures of ATM site inverted by the hybrid method
that uses both least squares technique and genetic algorithm. Dotted lines show search
range of thickness and S-wave velocity of each layer. The ‘Misfit’ means the square
mean value with error between the phase velocity of the observed dispersion curve and
that of the theoretical dispersion curve.
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Fig. 10. Comparison between the observed and the theoretical dispersion
curves obtained from the five results shown in Fig. 9 at ATM site.
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Fig. 11. Finally adopted S-wave velocity structures at three sites. The adopted S-wave
velocity structures at three sites were the smallest model of ‘Misfit’ value in
inverted models for each site.
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Fig. 12. Interpretation of relation with S-wave velocity structures (Fig. 11) and each geological unit from existing
geological data (Suzuki ez al., 2004) at three sites.
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