Continuous Observation of Crustal Deformation in Tohoku District

Graduate School of Science, Tohoku University
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Table 1 Fault model parameters of the M6.1 event occurred in lwate prefecture on September 3, 1998.

Logation Dip Dimension Slip Mo M-
Lat, * Lon.* Depth* Direction Ang. Length Width Amount Ang,

N39.78° E140.91° 0.5km N300° E 45° 8km 8km 0.5lm 90° 9.8X1024Nm 5.9

* : at the middle point of the upper edge of the fault
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Fig.1 Locations of the observation stations where extensometers and water-tube tiltmeters are installed.
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Fig.2 Strain and tilt changes observed by the extensometers and water-tube tiltmeters at (a) OGA, (b)
GJM, (c) NIB, (d) NSK, (e) TAZ, (f) SWU, (g) HMK, (h) KRS, (i) DIT, (j) KSN, (k) SNR, (1)
MYK, and (m) KTA for the period from January, 1984 to October, 1998. EXNS, EXEW, GMNE,
DILT, GMAX, TLNS, TLEW, PRCP indicate NS-, EW-linear strain, NS-EW shear strain, dilatation,
maximum shear strain, NS-, EW-tilt, and daily precipitation, respectively. Numerals shown besides
the component names denote units per division in nano strains or nano radians. Normal values for
the period are extracted from observed data.
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Fig.3 Locations of the observation stations where borehole strain- and tilt-meters are installed (the Pacific
Ocean side). Closed circles indicate the sites where the volumetric strainmeters and the tiltmeters
are installed at the depth of 500m. Closed squares denotes the sites where the three-component

strainmeters and tiltmeters are installed at the depth of 300m.
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Fig.4 Strain and tilt changes observed by borehole strainmeters and tiltmeters at (a)HD3 (b)HSK, (c)FDA,
(d)MY3, (e)SR3, (f)EN3, and (g)KGJ for the period from August, 1995, or May, 1996 to July, 1998.
BTLX, and BTLY indicate tilt along X- and Y-axis of each instrument shown in the right panel of
each station. BSMD, BSD1, BSD2, and BSD3 denote the changes in volumetric strain, linear strain
along 0, 120, and 240degrees measured from X-axis of three component strainmeters, respectively.
ATMP and PRCP indicate the atmospheric pressure and the precipitation at each site. The left and

right panels show the temporal variation and the change in the tilting vector, respectively.
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Fig.5 Locations of the observation stations where borehole strain- and tilt-meters are installed (the Japan
Sea side). Closed circles, squares, triangles, and stars denote stations where the volumetric
strainmeters and the tiltmeters at the depth of 500m, the three-component strainmeters and
tiltmeters at the depth of 300m, the volumetric strainmeters at the depth of 200m, and the

volumetric strainmeters at the depth of 100m are installed, respectively.

112



FKU ROREHOLE 9508-9807
(AL LA I R

Atm. P. Cor. dally mean
|||I|||1i|i1\|ll

BSMD ]
3.0 xi0 €

98/ 1

lll_\l\lll

BTLX 9771

2.0 %108
BTLY

7.0 %x10"®

\
\
T 1T 11 | IR l T 17 ‘ 1

Il!lilli

3.0 x10!

PRCP
5.0 x.0!

\

. .
I S I I S [N S
1.0%10°% sdiv

8 10122 4 6 8 10122 4 6 8 10122 4 &
8 495 35 55 95 96 98 96 95 97 97 97 §7 87 97 38 98 I8

(a) YR (FKU)

%Y doun W3 BOREHOLE 9605-3807

Atm. P. Cor. doily mean
b r||1|l1I31|11[|

B&O1 T
5.0 %1578 1
8502
5.0 %105 1

BSO3 I
5.0 %10

|

|

|

\

| |
\
%ﬂ!‘lltlhl—

T T T T T T T 1

BTLX I_
P00 105 L[

L
3%%%?01 i A Rt
5ﬁ§2ﬁol Ii' ! ) FINOTI AO S E |

E 7 9 M1 3 5 1§ ML 3 EC7 1.5%1075 /div

97/
88/1

llil\ll\

II’]\ILIl\T

(b) 1 (IW3)
6 4 @ (FKU) (b) (W3) (c) (TBS) (d) (SKT) (e) (ATM)
®  (MR3) (TBS) DILT,SHMX 3

Fig.6 Same as Fig.4 but for (a) FKU (b) IW3 (c) TBS (d) SKT (e) ATM and (f) MR3. DILT and
SHMX at TBS indicate areal dilatation and maximum shear strain calculated from observed data by
three component borehole strainmaeter.

113



EXP

x,v/f\g... TBS BOREHOLE S508--9807
llllxll\lIEVllllll_Vf‘EllfI[VIJll\ill
Rtm. P. Cor. datl ly mean
i *_I_rlllllllulrllli_
L 1= ]
4 ¥ -
j: 9B/1 E
_rv" —
_[: 7/1 -
i 98/1 ]
__Jlllllil{IIIIIIIJ_—
g’f g’r g"] 5’7 é’lljsl'l gs éa Ea 1.0x10°€ sdiv
(c) e & (TBS)
P
X.Y down SKT BOREHOLE 38508-39807
R B R
3?552?0-5 I—' { Atm. P. Cor. dally mean
I HRE Illrllillllll1 T
BTLX I 1+ u
5.0 %1077 L . 7
X 7
L |F Y :
iC ooy ! 7
98/ 1

BTLY I
5.0 xi07?

JIII|IIII

ATMP I
3.0 =10!
PRCP I
5.0 %10!

IIIIIII!III

IJIIJJLII |
5.0%1077 /div

4 12 2 B B8 10122 4 B
9 95 96 96 95 96 96 37 97 97 97 97 97 9@ 38 !

(d) ¥ H (SKT)

6
Fig.6 (Continued)

114



E%’ ATM BOREHOLE 9508-9807

L I A A I
Atm. P. Cor. dally mean
r ’_II!TT]’ITI[IIIIIIIIW
BSMD - —
2.0 x10-8 - _
BTLX C 1
1.0 =108 L ]
BTLY — % -]
1.0 %106 - -
B 98/1 N
- 37/ 1 -
(I L[S WA Y
- e i
ATMP I N N
3.0 %10! __ 1
PRCP I o
5.0 x10! N T T A O O
5.0%x10°7 /div
(e) iR #E (ATM)
exP
XY down MR3 BCOREHOLE 9605-9807
N A L e e S S e
Rtm. P. Cor, dally mean

17T [l T II TTTT L T I”P:

=<

9771

98/

iIIli\]{lllll'FTll
H|\H|J1Hl

O Y Y
5.0%1077 sdiv

() 44111 (MR3)

6
Fig.6 (Continued)

115



VOL . STRAIN S507-9807 bpeETRENDED

EXP 'r—rlrliﬁllrlllrlrrglll\xx='1|vv‘lrrall'l

0GR
P.COR, L\I\M_,/L/Pm\ﬁﬂ\mm

2 %10

G\_JM WVWﬁWMWﬁJWNHWWK-

2 wio T

7 (OGA) (GIM) (NIB) (HOY) (TAZ)

ATMP PRECP (HOY)

Fig.7 Detrended strain obtained for the stations indicated by the closed triangles and stars in Fig.5
assuming quadratic trends for each site. ATM.P and PRECP denote the atmospheric pressure at
HOJ and the precipitation at OGA.
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Fig.8 Horizontal displacement relative to AKT(in Akita city) derived from the GPS network around lwate volcano (a) in August, 1998, (b) before and after the

M6.1 earthquake occurred at the northern part of Iwate prefecture on September 3, 1998, and (c) for two months after the event. Circles are the relocated
epicenters for each period.
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Fig.9 Comparison between the observed (black arrows) and the theoretical displacements (white arrows)
calculated from the parameters listed in Table 1. The open star and closed circles indicate
epicenters of the main shock and the aftershocks occurred within 24 hours. The rectangular denotes

the projection of the model fault.
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