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Vertical Crustal Movements of Okusiri Island Associated with the 1993
Hokkaido-Nansei-Oki Earthquake,

—Estimation from the Measurements of Offshore Rocks’ Heights—
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T. YABUKI*, S. FUKUSHIMA**, H. AOKI*** and A. MASUYAMA**+

Abstract

We estimated the coseismic vertical crustal movements of Okusiri island associated with the 1993

Hokkaido-Nansei-Oki earthquake by comparing the measurement clata of the heights of offshore rocks

around Okusiri island before and after the earth quake. The results show us the subsidence all over the

island; the least subsidence is about 25 cm at the northeast tip, while the largest subsidence is about 100

cm at the south part. From the scattering of the multi-measurement data, we guess that the standard

error of measurement is about 3 cm, which is enough for the detection of the coseismic crustal

movements. A fault model explains the observed trend of subsidence which is just west of Okusiri island

with the dislocation of about 5 m, dip angle of 50 degrees descending westward.
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Height Measurement of Offshore Rock

Fig.1 An illustration explaining the measurements of offshore rock’s height.
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Photo 1 Photograph of the offshore rock, identity
number 15, See also Table 2 and Fig. 5.
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Fig.2 Concept of the height measurements of offshore rocks referred to the mean sea level.
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Fig.3 Top: The tidal record at the Okusiri-ko (Sep.

Kamuiwaki-ko (Sep. 14-Oct. 17, 1993).
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Table 1 The results of the analysis of tidal observa-
tions for 32 days at the Okusiri-ko and Kamu-
iwaki.

Station : Ckusiri Ko Station : Kamuiwaki

Longitude : 139 31 12E Longitude : 139 24 48E

Latitude : 42 10 6N Latitude : 42 10 6N

Time Zone : -9H OM Time Zone : -9H OM

OBS. DAY: 19939 12 OBS. DAY: 19939 14

v K G v K G
m) (Deg) Deg)|  (m) (Deg.) (Deg)
1 MM 0.033 165.3 170.2) 0.016 165.0 169.9
2 MSF 0.030 258.9 268.1 0.028 266.5 275.7
3 Ql 0.011 313.4 294.5 0.005 2712 252.4
4 ol 0.045 3513 3373 0.059 3119 2979
5 Mi 0.003 3412 332.1 0.003 345.6 336.6]
6 K1 0.036 9.9 5.7 0.064 3423 338.2)
7 11 0.003 334.1 334.8! 0.006 28.4 29.3)
8 001 0.001 48.9 54.7) 0.004 125.4 1312
9 MU2 0.010 99.1 718 0.001 75.8 48.6)
0 N 0.010 75.2 52.1 0.013 88.1 65.2,
1 M2 0.051 108.3 90.1 0.052 106.1 88.2
2 L2 0.002 1463 133.0) 0.003 349.6 336.5
13 25M2 0.001 193.4 193.5 0.001 196.7 197.0)
4 82 0.023 132.1 123.1 0.020 132.1 1233
15 MO3 0.003 353.1 320.9 0.000 103.5 71.6|
6 M3 0.004 215.1 187.9) 0.003 274.5 247.5
17 MK3 0.001 314.4 292,04 0.001 22.1 0.1
18 MN4 0.002 356.6 315.3) 0.002 3200 279.2
19 M4 0.002 3533 317.0) 0.002 175.2 139.3
20 SN4 0.001 2941 262.0) 0.000 1322 100.5)
21 MS4 0.001 307.2 279.9) 0.002 230.8 204.0
22 2MN6 0.002 1329 73.5) 0,002 64.3 5.5
23 M6 0.002 114 316.9 0.003 442 350.3
24 MSN6 0.001 207.4 157.1 0,002 284.6 234.9
25 2MS6 0.001 180.8 135.4 0.003 187.9 143.1
26  2SN6 0.000 86.1 49.9) 0.001 103.2 67.6)
27 K2 0.006 132.1 123.8 0.006 132.1 124.0)
28 Nu2 0.002 745 52.1 0.003 87.5 65.2
29 P1 0.012 9.9 5.0 0.021 3423 337.5
CONST.| 242 3.33
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Table 2 The results of the height measurements of
offshore rocks around Okusiri island and the
estimated coseismic vertical movements. See
Fig. 5 for the position of each rock. See the
text about the estimation errors of vertical
movements. Note that the subsidence of rock
number 8 is so large that it has been covered
by sea water. Therefore only one measure-
ment data is obtained in 1993. The estimation
error for this rock is based on the standard
error of the height measurement for uncover-

ed offshore rocks.

Heights from the mean sea level

Identity number of 1978 1993 vertical movments

offs?jg;ﬁ:’;)cks . 4| No. of . dl No, of a 991(:11)978)
(m) ment (m) ment

(2) (Riendess) 1.98 9 1.80 9 -0.180.02
[€) 1.13 9 0.69 9 -0.44£0.02
@ (GREH) 2.19 9 1.96 12 -0.2340.02
&) 1.84 9 1.54 12 -0.30£0.02
© (UIAHVE) | 3.08 9 2.86 12 -0.2240,02
&) 1.02 9 0.66 9 -0.36+0.02
®) 0.83 9 -0.21 1 -1.04£0.04
© oy ¥) 1.05 9 0.48 6 -0.57£0.02
(10) oy ¥) 1.62 9 1.32 9 -0.304:0.02
an (#xE) 2.30 9 1.91 9 -0,3940.02
(12) (F8%1) 2,23 9 1.26 9 -0.97+0.02
(13) 1.44 9 0.79 9 -0.65+0.02
(14) 2.84 9 242 9 -0.42+0.02
(15) 3.82 9 3.59 9 -0.234:0.02
(16) FHlRE | 216 9 L7t 13 -0.450.02
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Measurement in 1978 Measurement in Sep. 1993

Measurements by using Measurements by using
staff staff
No. of data: N No. of data: N

Correction based on
temporary tide observation
Correction to heights

from monthly M.S.L.
No. of data: N

Correction based on
ermanent tide observation

.

Correction to heights
from monthly M.S.L.
No. of data: N

T

Correction to heights Correction to heights
from M.S.L. from M.S.L.
No. of Data: N No. of Data: N
4—( Averaging of N data )—b
Bstimated heights of Estimated heights of
offshore rocks from M.S.L. offshore rocks from M.S.L.

Estimated vertical movements of
offshore rocks

Fig.4 A block diagram of data processing for the
estimation of the changes of offshore rocks’
heights.
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Fig.5 The estimated subsidences in c¢m around
Okusiri island (September 1993-1978). Numbers
in paretheses indicate the identity numbers of
offshore rocks shown in Table 2. Numbers of
large characters indicate the estimations based
on the results of the height measurement. HBM
and KBM indicate the benchmarks. The subsi-
dences of each benchmarks are estimated by
using the data of the leveling and tidal observa-
tions. Numbers of small slant characters indi-
cate the synthetic vertical movements based on
the fault model which is explained in Fig. 7 and
Table 3.
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Fig.6 Histogram of the differences between the

estimated heights for offshore rocks and the
results of height measurement for each rock.
Top . the results in 1978. Bottom : the results in
September 1993,
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Table 3 Parameters of a fault model of the 1993
Hokkaido-Nansei-Oki earthquake.

Southern Fault i Northern Fault

Rupture slip on a r lar region.
pture type Thrust type dislocation without strike slip component.
Fault Length (km) 55.0 62.0
Fault Width (km) 32.0 40.0
Depth of shallowest point (km) 0.5 5.0
Dislocation {(em) 550 400

Direction of Strike Line North 14° West North 17East

50 30

Dip A
ip Angle (Degree} (Descending to West) (Descending to West)

Moment (dyne cm)

27
X
' (|,£=3><1011 dyne/cmz) 8.0%10

2.9x10%7
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Fig.7 Left: The surface projection of the fault
model (rectangular) and the contour plot in
meter of the distribution of synthetic vertical
crustal movements. See Table 3 on the parame-
ters for the calculation of synthetic movements.
Right: The expansion of the left figure for the

area around Okusiri island.
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