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Ryu Ohtani and Satoshi Itaba, (2013) A method to estimate fault model of slow slip event using
strainmeters of the integrated groundwater observation well network for earthquake prediction of the
Geological Survey of Japan, AIST, Bull. Geol. Surv. Japan, vol.64, p331-340, 11 figs, 1 table.

Abstract: A method to estimate fault parameters due to slow slip event was developed and tested. The
method is based on a grid search to find the fault that minimizes the residual between the calculated and
observed strain at strainmeter stations. According to a simulation study, it is shown that the method can
retrieve the given fault parameters for the case of homogeneous fault slip while the extent of fault is
underestimated and the slip amount is overestimated for inhomogeneous slip distribution cases. However,
the area where the slip is relatively large and the moment magnitude of the slow slip event are well

retrieved.

Keywords: slow slip event, elastic deformation, strain, borehole strainmeter, fault parameter, grid search
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SRV LRI ZE T 0 2 R M2 B H i -net O BIIAT, A2 E LI PR OGNS S BLHIGEONE T O &Ll
M, HRUEBEFEO R 7 ok — LB OB (O3 & BTN FHBEARED K — A X =D XD  http://www.
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(2007)& 1), A CHH I = REIR A A G TR U 72 fEIk.

Location of the new observation sites of the integrated groundwater well network for earthquake prediction of the
Geological Survey of Japan, AIST (numbers with black circles; the names of the stations are summarized in Table 1).
The red dots represent the Hi-net seismograph stations of the National Research Institute for Earth Science and Disaster
Prevention (NIED), the green dots represent the GEONET GNSS stations of the Geospatial Information Authority of
Japan (GSI), and the blue dots represent stations of borehole strainmeters (quoted from the web page of the Headquaters
for the Earthquake Research Promotion: http://www.jishin.go.jp/main/p_chousakansoku01.htm). The shaded regions
represent the area where slow slip events are frequently observed (Obara (2007)). The red box indicates the study area.

Bk PERMOBIRBINGE & 2 Dl

Table. 1 Name of the new AIST observation sites and the abbreviation.
@ | EHEME (TYS) FF IR (MUR)
@ | MABRERE (ITA) © | BHMAEAL (KOC)
® | #2dtEIlL MYM) AR LA (MAT)
@ | HEFFHMWIE (ICU) @ | BEFFF (UWA)
® | HiAE (HGM) @ | £1&EKAREE (TSS)
® | BAZER (KST) ® | ERIE (ANO)
@ | BIEERE (ANK) JBIB KA (SSK)
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Case A (mm)
H2X 5A 6N PURN WG
DG (D DNy F)
108 &, HESE & 7z R i O E
RO T E 7). R
10.6 R Wik N0 DT -
& ZInput Truell, #EE X7
L d404 Wik, S % — % I$EstimatediZ /R
9. Estimated D 5NN O Kfiti1Z.,
s HEAE A D R HESERE (REL < 12
XEZR) . Kr— 2054613,
0 =3 RO 5MiTH 5.
Fig.2  Distribution of hypothetical fault
] slip (colored patches) and estimated
98 fault plane (thick black rectangular).
The fault parameters are shown
9.6 on the bottom. The uncertainty
Input Model: _ Estimated: of the estimated parameters are
) 9.4 also indicated in the parenthesis.
Length: 35 km Length: 35 (16 ~ 55) km In this case, slip distribution is
Width: 45 km Width: 45 (34 ~ 52) km 9.2 homogeneously given.
Mw: 57 Mw: 5.7
9
Case B (mm)
I3 oM. (HUARY—&F
- N5 EGZ TS,
Fig. 3 Same as Fig. 2 but the amount of
slip is heterogeneously given.
20
F 115
F 110
Input Model™,_ _ Estimated:
Length: 35 km Length: 25 (17 ~ 36) km 5
Width: 45 km Width: 25 (21 ~30) km
Slip: - mm Slip: 25 (17 ~ 36) mm
Mw: 5.8 Mw: 5.8
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Fig. 4 Spatio-temporal variation of the slip rate on the hypothetical fault given in Fig. 3.
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Synthetic time series of line strain due to the fault slip given in Fig. 4 for AIST stations. Blue, red, and
green lines indicate Exx, Exy, and Eyy components, respectively. Noise level is assumed to be 0.5 X 10°.
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Fig. 6  Principal strain at the AIST stations. From left to right,
strains calculated for the fault slip given in Fig. 2,
derived from the corresponding synthetic time series, and
estimated using the fault parameters determined by the
grid search, are shown.
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Fig.7  Same as Fig. 6 but for the slip case in Fig. 3.
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x10~

slipfmm]: 25 Mw: 5.6
[ stipimm] 0s

H8X AFEOFE B CHE XN 2B ENAWE T XD OBRMHOMNE WD &, GoOERITE
ZEEERNT. FH2XOWET DD — 2054,

Fig. 8  Tentative fault plane and slip amount estimated as the first step by the grid search for the case in Fig. 2.
The small rectangular patches are faults and the gray color indicates the residual of fit.

x 10~

1.6
1.4

1.2

0.8
D slipfmm]: 40 Mw: 5.7

FOX HESKER L. {HUWRET N IEE3IXDEA.
Fig. 9  Same as Fig. 8 but for the slip case in Fig. 3.

— 337 —



WAL 20134 ZH64E R 11/12%%

Case C (mm)
12
10
8
6
4
Input Model: , Estimated:
Length: 35 km Length: 30 ( 9 ~ 54) km 5
Width: 45 km Width: 30 (15 ~ 36) km
Slip: = mm Slip: 10 (3 ~16) mm
Mw: 5.6 Mw: 5.6
B0 FEIXEEC. HLAEOTND BEEFIHNE L LA,
Fig. 10~ Same as Fig. 3 but the slip amount is reduced to a half.
x10°
13
12

D slip[mm]: 20 Mw: 5.5

B HIXEE L. (ALWRET D 5 10 D5,
Fig. 11 ~ Same as Fig. 8 but for the slip case in Fig. 10.
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