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Microtremor array survey in the central part of the Ishikari plain
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Abstract: S-wave velocity structures were explored in the central part of the Ishikari plain from
microtremor array measurements. Phase velocities in a frequency range of 0.22-6.88 Hz were estimated
using SPAC (SPatial AutoCorrelation) analysis of the microtremor records obtained at 4 sites. The
S-wave velocity structure was inverted from the phase velocities by using a genetic algorithm technique.
The inverted velocity structures consist with the deep borehole and seismic reflection surveys near the
microtremor array sites. The observed phase velocities at 2 sites do not agree with the theoretical phase
velocities calculated from the AFRC/GSJ 3D velocity model of the Ishikari and Yifutsu plains, although
at other 2 sites the observed and theoretical phase velocities agree. The 3D model might be modified
around the 2 sites where the phase velocities do not agree.
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Table 1. Stratigraphy on the explored area.

- )G SR - DAL - Ll 1B

- . =R
R ERER HHEE "
SEg gty UERE | Lk 2 R
E LR B [P EEEEY EL IR B AL E£IRSK-1TCHEIEE
FEit (i) [FELRE i (AXSHR)
B | M AKIRE EIRSK-1TDEDLEE
BEE (B8 (EXSH)
G AEEIC
FE=R BEDRE
Rt (ER (EEE
% f?)ﬁ%ﬂ%ﬂ%
HIER (V) =250 = b
ER AR R
B2 R, RBHLIARENY LA DOFEH.
Table 2. Details on the microtremor arrays.
Site Array Central location Radius Date Time
Latitude Longitude
HGU N 43.2021 1415581 10,30 m 2007 Jul. 24 15:01-15:25
S 43.2017 141.5579 80, 240 m 2007 Jul. 23 17:30-19:30
L 43.2013 141.5579 660 m 2007 Jul. 24 11:10-14:10
L2 43.2013 141.5579 1260 m 2008 Oct. 15 15:35-18:30
MHR P 43.1510 141.5582 2 m 2008 Oct. 14 17:50-18:00
N 43.1509 141.5583 10,30 m 2007 Jul. 27 15:30-16:10
S 43.1409 141.5594 80, 240 m 2007 Jul. 26 16:50-18:00
L 43.1427 141.5596 660 m 2007 Jul. 27 11:10-14:30
L2 43.1427 141.5596 1310 m 2008 Oct. 15 10:45-13:40
YHT N 43.1662 1414932 10,30 m 2007 Jul. 26 14:50-15:20
S 43.1662 141.4927 80,240 m 2007 Jul. 25 17:00-18:00
L 43.1678 141.4931 600 m 2007 Jul. 26 11:00-14:15
L2 43.1678 141.4931 1290 m 2009 Feb. 23 15:30-19:15
STG N 43.1264 141.4814 12,36 m 2007 Jul. 25 15:05-15:40
S 43.1311 141.4777 80,240 m 2007 Jul. 24 17:20-19:00
L 43.1256 141.4817 600 m 2007 Jul. 25 11:30-14:00
L2 43.1256 141.4817 1250 m 2008 Oct. 16 16:05-19:10

F3k HEESN S IEHE (km/s) O, AFFEE B 3 ocHEEE E 7L (FHIED,

2007) (Z&D S BOHES HL7z.

Table 3. Comparison of the estimated S-wave velocities in km/s. The S-wave velocities in the AFRC/GSJ

3D velocity model of the Ishikari and Yiifutsu plains by Yoshida et al. (2007) are also shown.

Layer HGU MHR [ STG YHT [Yoshida et al. (2007)
|U99ermost 0.043 0.056
Holocene 0.131 0158 0.114 0229 0.400
. Upper 0.395| 0.594 | 0.401| 0.414
Pleistocene| " er 0969 1.01] 1.10] 1.29 0.722
Pliocene 1.43 1.52 1.20
Upper Miocene 1.58 2.27 1.53 207 1.73
Middle Miocene 1.97 2.91 2.05 2.06 2.35
Bedrocks 2.97 3.48 3.49 3.48 3.13
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Fig. 1. The map showing the location of arrays. The base maps are 1/25000 topographic map*“Futomi”,
“Tobetsu”, “Sapporo Tohokubu” and “Ebetsu”. The contour interval of the Bouguer anomaly
(Geological Survey of Japan, 2004) is 5 mgal.
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Fig. 2. The instruments for microtremor observation conducted in 2007.
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Fig. 3. The instruments for microtremor observation conducted in 2009.
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Fig. 4. The power spectra, power spectral ratios, coherences and phases that were derived from the
huddle test after the microtremor observation conducted in 2009.
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Phase velocity (km/s)
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Fig. 9. Phase velocities obtained from SPAC analysis of microtremor array
records at 4 sites in the Ishikari plain.
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Frequency (Hz) Vs (km/s)

%510 ¥, (/2) HGU RIS 7o Hulh iR (BAL) & GAIZ LRI EERERE A B FHR LA P (S51%)
DL () GAIZ X VsRedi= S s . Misfit 255 RO Z # T, misfit 28K EAED 125% LINO
HOEFRTRUEZ. JREDOKITHAREEET/V (FHIZD, 2007) 22DEW LR ERE L 2 bEk
RESNTVA V=W AT — FOMADEEZ R SRRSO YRR TRV PRR R 2~

Fig. 10. (Left) Comparison of the observed phase velocities at the HGU site (open circles) and theoretical phase
velocities of the fundamental mode of Rayleigh wave calculated from the various velocity structure models
(solid lines). (Right) Velocity structure models. Blue lines indicate the phase velocities calculated from the
best fit model and its velocity profile. Red lines show the phase velocities calculated from the estimated
profiles within 1.25 times the minimum misfit value of the best profiles and their profiles. Gray lines indicate
the phase velocities calculated from the velocity structure model in the Ishikari and Yufutsu plains by the
previous study (Yoshida et al., 2007) at the HGU site and its profile. Dotted lines in the right panel show a
search range for the inversion.
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Fig. 11.
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(Left) Comparison of the observed phase velocities at the MHR site (open circles) and theoretical phase
velocities of the fundamental mode of Rayleigh wave calculated from the various velocity structure models
(solid lines). (Right) Velocity structure models. Blue lines indicate the phase velocities calculated from the
best fit model and its velocity profile. Red lines show the phase velocities calculated from the estimated
profiles within 1.25 times the minimum misfit value of the best profiles and their profiles. Gray lines
indicate the phase velocities calculated from the velocity structure model in the Ishikari and Yafutsu plains
by the previous study (Yoshida et al., 2007) at the MHR site and its profile. Dotted lines in the right panel
show a search range for the inversion.
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Fig. 12. (Left) Comparison of the observed phase velocities at the YHT site (open circles) and theoretical phase
velocities of the fundamental mode of Rayleigh wave calculated from the various velocity structure
models (solid lines). (Right) Velocity structure models. Blue lines indicate the phase velocities calculated
from the best fit model and its velocity profile. Red lines show the phase velocities calculated from the
estimated profiles within 1.25 times the minimum misfit value of the best profiles and their profiles. Gray
lines indicate the phase velocities calculated from the velocity structure model in the Ishikari and Yafutsu
plains by the previous study (Yoshida et al., 2007) at the YHT site and its profile. Dotted lines in the right
panel show a search range for the inversion.
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Fig. 13. (Left) Comparison of the observed phase velocities at the STG site (open circles) and theoretical phase velocities
of the fundamental mode of Rayleigh wave calculated from the various velocity structure models (solid lines).
(Right) Velocity structure models. Blue lines indicate the phase velocities calculated from the best fit model and
its velocity profile. Red lines show the phase velocities calculated from the estimated profiles within 1.25 times
the minimum misfit value of the best profiles and their profiles. Gray lines indicate the phase velocities
calculated from the velocity structure model in the Ishikari and Yafutsu plains by the previous study (Yoshida et
al., 2007) at the STG site and its profile. Dotted lines in the right panel show a search range for the inversion.

16

Depth (km)



BT MEN T LA PRA

i

£
v
H

R

"Apnjs SIY) UI PAJRWIISI [OPOW 2IN3oNIIS AJI00[dA Y} pue (€661 ‘vonerodio) (10 [euoneN ueder 193je) uonoas yidop ay) Jo uostredwo) 41 J1g
WHHORH AT HER LMY 2 (€661 BRI ) KIBUGZFM A T2 M H | SH AT RT3 v &

T

g

__. v T - Mﬁ%« v HEBGHT SRS c
OYOdNVN ILIN €c¢lLo r.v_mm;wmcm. ey L-MS F_qwuu__m\_%_m._m__._m
— T _r_ o i : an
| FET @%h . @ﬁb fww e
T T L | T

SY313N NI H1d3d

17



