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Abstract

On the south of the Kanto plain, there is the Tokyo Bay northern fault that named after Kato (1983).
The northern fault is one of the most remarkable fault in this area. In general, Fault is result of the past
crustal movement. Thus it is important to predict earthquakes in the Kanto region to reveal the
characteristics of the fault.

Hydrographic Department conducted multi-channel seismic survey for the purpose of clarifing the
characteristics of the fault. The survey was carried out as the three-dimensional seismic method by
multi-channel seismic survey with the very close line spacing.

Geological structure of the fault is summarized as follows:

1) General trend of the Tokyo Bay northern fault is N60W, however, it is N35W at the center of the
survey area.

2) It is difficult to distinguish whether the fault is normal or reverse because of the high dip angle of
the fault plane.

3) According to the horizontal geologic section (time slice), the strike of the sedimentary layer seems
to be bended by left lateral movement. However, considering the dip of the sedimentary layers, the left
lateral movement is not required.

4) The Tokyo Bay northern fault displaces the middle of the Kazusa group that is correlated with
early middle Pleistocene.
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Fig. 1

Survey area and shot points of air gun. Double circle indicates the sites of slave station of electromag-

netic positioning system. “A-B” indicates the cross section shown as Fig. 4.
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Fig.2 The depth conversion section of the line No.6. An arrow indicates the Tokyo Bay northern fault. The

scale ratio of vertical to horizontal sideis 1 : 1.
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Fig.3 The depth conversion section of the line No.21. An arrow indicates the Tokyo Bay northern fault. The
scale ratio of vertical to horizontal sideis 1 : 1.
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Fig.4 The depth conversion section of the line No.16. To emphasize the deformation of sedimentary layers,

vertical scale ratio is four times to horizontal side.
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Fig.6 Three dimensional model of geological structure of the survey area. Top surface and cut surface are time
slice of instantaneous phase at 600msec, and 1,564msec, under the sea surface.
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Fig.7 A time slice of instantaneous phase at 2,380msec under the sea surface. The strike of sedimentary layer
suggests that the layer were deformed as drag movement by left lateral fault. However, considering the dip
of the layers, this deformation is owing to the vertical movement, and the left lateral movement is not
necessary to the deformation.
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Fig.8 A time slice of instantaneous frequency at 2,380msec. under the sea surface. The Tokyo Bay northern

fault is recognized clearly as zig-zag strike.
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Fig.9 A time slice at 1,560msec. under the sea surface. The Tokyo Bay northern fault is shown as a dotted line.

The fault is recognizable as the strike changes of sedimentary layers.
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F: The Tokyo Bay northern fault (this study)
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PRECISE DETERMINATION OF STATION COORDINATES
OF LORAN-C NORTHWEST PACIFIC CHAIN '

Teruo KANAZAWA*

Abstract

The government of Japan took over the operation of Loran-C northwest Pacific chain from the

government of the United States of America in 1994. Because the Barrigada (Guam) station which

located in the territory of the US was not transferred to Japan, the configuration of the stations was

changed, that is, the master station was moved from Iwojima to Niijima in October 1994 and the

Iwojima station was terminated. The precise coordinates of these stations except Guam one in WGS 84

as well as in Tokyo Datum are determined on the basis of the results for the marine geodetic control

network of the Hydrographic Department of Japan.

keywords . Loran-C, northwest Pacific chain, coordinates

1. Introduction

Several years ago, the government of the
United States of America declared that the opera-
tion of Loran-C system except in the territory of
its own country would be terminated by the end of
1994, The government of Japan negotiated with
the US and the Maritime Safety Agency of Japan
took over the operation of Loran-C northwest
Pacific chain in 1994.

Since the Barrigada (Guam) station was not
transferred to Japan and was terminated in 1993,
it was decided to change the configuration of the
stations (Fig.1). The master station was newly
constructed at Niijima and the operation began in
October 1994. Iwojima station was terminated
instead.

In order to utilize the new system with suffi-
cient precision and to cooperate with other coun-
tries, precise coordinates of these stations in the

world-wide geodetic system are needed and sur-

veys of the transmitting antennas of these sta-
tions were conducted by the Hydrographic
Department of Japan (JHD) based on the results
of control points determined in the project of
establishing the marine geodetic control network.
The method and results are described in this

report.

Tokachibuto

* Gesashi L.
Minami-
torishima

Fig. 1. New configuration of Loran-C northwest

Pacific chain.

t Accepted 23th January 1995
* ALEHIMEE  Geodesy and Geophysics Division
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2. Method of position determination

(1) Marine geodetic control network

Regulations to delineate the boundaries of the
jurisdictional sea such as the territorial sea or the
exclusive economic zone are provided in the
United Nations Convention on the Law of the
Sea. JHD commenced a project to establish the
- marine geodetic control network in 1980 utilizing
methods of satellite geodesy (Kubo, 1988).

In this project, satellite laser ranging (SLR) is
conducted at Simosato Hydrographic Observa-
tory (located in Wakayama prefecture) in coop-
eration with other SLR stations distributed
world-wide and the coordinates of the fiducial
point at Simosato Hydrographic Observatory are
determined precisely in the world-wide coordinate
system.

First order control points in off-lying islands of
Japanese territory are connected to the fiducial
point at Simosato by simultaneous SLR observa-
tions of Japanese geodetic satellite Ajisai. Second
order control points are connected to first order
control points by simultaneous observations of
Navy Navigational Satellite System (NNSS) and
of Global Positioning System (GPS) lately. The
coordinates of first and second order control
points are thus determined in the world-wide
coordinate system.

Among the stations of Loran-C northwest
Pacific chain, Tokachibuto (Hokkaido), Gesashi
(Okinawa), Minamitorishima (Marcus island),
and the former Iwojima station are placed near
first order control points and the coordinates of
these nearby first order control points have
already been determined by SLR method.

The position of the new master station at

Niijima was determined by GPS observations of

static differential method.

{2) Differences of coordinate systems

Constructing a world-wide geodetic system
became realized after launches of artificial satel-
lites and many kinds of world-wide geodetic sys-
tems have been reported since then. Differences
among recent models are less than one meter and
efforts to improve these systems are continuing
according to the increase of satellite observa-
tional data. Among them two systems are used
frequently. One is WGS 84 which is used for GPS,
NNSS and Loran-C operated by US (DMA, 1991).
The other is IERS Terrestrial Reference Frame
(ITRF)
(Boucher and Altamimi, 1989). IERS stands for

International Earth Rotation Service.

used in the scientific community

The coordinate system used for the reduction of
satellite data in JHD (called JHDSC) is almost
identical to ITRF. Differences between them are
within ten centimeters level (Sengoku, 1992).
WGS 84 is also nearly identical to ITRF and
differences between them are reported to be fifty
centimeters level (McCarthy, 1992). While these
three coordinate systems are different in the
scientific sense, they can be regarded as identical
in the practical sense considering the precision of
positioning by Loran-C. So, we take the results of
marine geodetic control network as the coordi-
nates in WGS 84 in this report.

In Japan, a unique coordinate system which
covers the mainland and a part of Okinawa
islands was developed and is called Tokyo Datum
(TD). Since the coordinates of the origin of TD
was determined by astronomical observations,
the adopted values are known to have a differ-
ence from the values in world-wide coordinate
system which amount to ten seconds of arc in
both latitude and longitude. In addition to these
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differences, because TD was constructed through
conventional triangulation method, there are dis-
tortions of triangulation network which are
known to reach more than ten meters in
Hokkaido and Okinawa regions,

Relations between TD and the world-wide coor-
dinate system can be obtained if both coordinates
are known at the same point. We adopt the trans-
lation parameters obtained at Simosato (Tatsuno
and Fujita, 1994).

Coordinates which are transformed from the
world-wide coordinate system by using these
translation parameters are close to the coordi-
nates of TD but differs from TD because of the
distortions existing in TD. We call this trans-
formed coordinate system as Corrected Tokyo
Datum (TDC) to distinguish it from TD in this

report.

3. Observations of coordinates of Loran-C

antennas

(1) Niijima

GPS Observations to connect a triangulation
point in Niijima to GPS network of our Depart-
ment in Sagami Bay area were conducted in 1992
(Takanashi et al., 1994). Coordinates of the GPS
antennas in Sagami Bay area had been deter-
mined through other GPS observations with
Simosato in 1992. Coordinates of Loran-C antenna
at Niijima from the nearest triangulation point
were surveyed by the 3rd Maritime Safety
Regional Headquarters in 1992, The coordinates
of Loran-C antenna in Niijima in WGS 84, TDC
and TD are listed in Table 1.

(2) Tokachibuto (Hokkaido)

Observations of first order control point in
Tokachi were conducted in 1991 and coordinates

of the point were obtained (Sengoku and

Uchiyama, 1994) . Coordinates of Loran-C antenna
at Tokachibuto had been surveyed in TD from
the nearest triangulation point in 1983 (Takemu-
ra and Sawa, 1985). The results are also listed in
Table 1.

(3) Gesashi (Okinawa)

Observations of first order control point in
Okinawa were conducted in 1989 and coordinates
of the point were obtained (Sengoku et al., 1992).
Coordinates of Loran-C -antenna at Gesashi had
been surveyed in TD from the nearest triangula-
tion point in 1992 by the 11th Maritime Safety
Regional Headquarters. The results are listed in
Table 1.

(4) Minamitorishima (Marcus island)

Observations of first order control point in
Minamitorishima were conducted in 1989 and
coordinates of the point were obtained (Sengoku
et al.,, 1992). Relations between newly established
control point and the Loran-C antenna at
Minamitorishima had been surveyed in 1982
(Takemura and Kanazawa, 1984) and were sur-
veyed again in 1989. Because the position of this
isolated island had been determined independent
from TD, coordinates of Loran-C antenna in
Minamitorishima are listed in WGS 84 and in
TDC in Table 1.

(5) Iwojima

Observations of first order control point in
Iwojima were conducted in 1992 and coordinates
of the point were obtained (Sengoku and
Uchiyama, 1994) . Coordinates of Loran-C antenna
had been surveyed in the local datum in 1982
(Takemura and Kanazawa, 1984). The coordi-
nates of the former Loran-C antenna in Iwojima
in WGS 84 and in TDC are listed in Table 1.
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Table 1. Coordinates of Loran-C antennas including the former Iwojima station in WGS 84, TDC and TD.

WGS84

Niijima
longitude(E) 139 16

Tokachibuto

D¢ TD

latitude (V) 34" 24’ 11.942" 34" 23’ 59.778" 34" 23' 59.711"
19. 478 139 16 30.802 139 16 30.844

latitude (N) 42 44 37.219 42 44 28.041 42 44 28.013

longitude (E) 143 43 09.754 143 43 23.940 143 43 23.722

Gesashi latitude (N) 26 36 25.038 26 36 10.624 26 36 11.041
longitude (E) 128 08 56.920 128 09 04.096 128 09 03.779
Minami- latitude () 24 17 08.007 24 16 50.922 e
torishima longitude (E) 153 58 53.779 153 58 07.679 -
Iwojima latitude (N) 24 48 03.661 24 47 47.782 -

longitude (B) 141 19 30.814 141 19 41.669 -

4. Discussions

As stated in section 2(2), we neglected the
differences among JHDSC, ITRF and WGS 84 in
this report. Strictly speaking, any coordinate
system established on the surface of the earth is
changing all the time because of plate motions on
world-wide scale and crustal deformations on
regional scale. If we stick to the accuracy of
centimeter level, we must indicate the time that
the coordinate system is referred such as I'TRF
90, ITRF 91 etc. Time differences of observations
of first order control points are also neglected in
this report.

Japan is located in an especially active tectonic
region. Recent monitoring of crustal deforma-
tions by static DGPS observations revealed that
crustal deformations associated with major earth-
quakes often reach tens of centimeters even if
epicente'rs are under sea-bottom hundreds of
kilometers apart from coast. Considering such
circumstances, we must repeat observations of
these positions and revise the resuIts at appropri-
ate intervals in order to keep up accuracy of
coordinates of Loran-C antennas in ten centi-

meters level.
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Geomorphology and tectonics of the Ogasawara Plateau and its
surrounding area in the Northwest Pacific Basin t

Shigeru KASUGA*, Fumiro SHIMOTORI* and Members of Continental Shelf Surveys Office*
Abstract

The survey under the Continental Shelf Surveys Project by the Hydrographic Department of Japan
revealed the details of geomorphologic feature of the Ogasawara Plateau and its surrounding area in the
westernmost part of the Northwest Pacific Basin. The Ogasawara Plateau is composed of semicircle-
shaped plateau in the western part, whereas, in the eastern part, chain of seamounts that creates a linear
ridge of 500 kilometers, trending east to west. Seamount chain or group running roughly in the
WSW-ENE direction in the north of the Ogasawara Plateau were recognized. Bathymetric and magnetic
maps indicate four fracture zones accompanied by the ridge and fault scarp in the northern part of the
surveyed area. Clear pattern of Mesozoic magnetic lineations as well as linear relief of the seafloor and
acoustic basement associated with the minor ridge and trough trending parallel to the magnetic
lineations were recognized.

These geomorphologic and geological features of the specified area bounded by the seamount chain
to the north and the Ogasawara Plateau with its adjoining area to the south show following remarkable
differences compared with those of the other area.

(1) The topography of the two prominent fracture zones in the north of the seamount chain is expressed
by the escarpment with vertical offsets of more than 500 meters, whereas in the above specified area,
the vertical offsets decrease to less than a hundred meters.

(2) The lineated topographic relief characterized by the minor ridge and trough disappear within the
specified area, whereas magnetic lineations are clearly identified in the whole surveyed area.

(3) Distribution of small conical knolls of probably volcanic origin is limited within the specified area.

These characteristic features indicate that later volcanic activities associated with the formation of
the Ogasawara Plateau, other seamounts and possibly small conical knolls have changed thermal and
stuctural feature of the oceanic crust. They might reset the vertical offset of the fracture zones and
smoothed the rugged ocean floor and acoustic basement in the minor ridge and trough area without
destroying or severely attenuating original Mesozoic magnetic lineations. Theses features may support
the occurrence of mid-Cretaceous intra-plate volcanism that has been proposed by the study based on
deep sea drillings in the Northwest Pacific Basin.

T Accepted 30th January 1995
*  KEEMIFAER Continental Shelf Surveys office
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Ogasawara Plateau Topography

Northwest Pacific Basin

Fig.4 Whale-eye view of the bathymetry with major topographic names.
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Fig.5 E-W cross section of the topography of the Ogasawara Plateau and seamounts viewed from north.

Vertical exaggeration is about 16.
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Fig.6 E-W seismic reflection profiles across Kashima Fracture Zone (Tentative name). Arrows indicate fault

scarps accompanied by the Kashima F. Z.. Location of profiles is shown in Fig. 3
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north of Matsubara SMt. Contour interval is 20
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Fig.12 Map showing inclination direction of the topography. Note clear NE-SW trends of the topographic relief
in the northern and northeastern part of the surveyed area. Apparent E-W trend shown in this map is

artificial that is caused by some interpolation errors of the E-W trending swath bathymetric data.
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Fig.13 Map showing characteristic feature of the surveyed area such as fracture zone, magnetic lineations etc.

overlaid on the bathymetric chart (contour interval : 1000m). M numbers are plotted that correspond well

to the Mesozoic magnetic lineations identified by Nakanishi (1993). Note the distribution of small conical

knolls (closed circles) concentrates on the area around seamount group and Ogasawara Plateau. Shaded

area indicating ocean floor characterized by minor ridge and trough does not include the area close to

seamount group and Ogasawara Plateau.
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Table 1 Depth distribution of the ocean floor along
three seismic profiles shown in Fig.6 on the
west and east side of the Kashima Fracture
Zone, Depth in parencess are predicted value
of the depth on the basis of emprical ocean
depth (d)-age (t) relation in the normal ocean

(Hays, 1983) . Correction for sediment load
is not applied. Note depth difference is large
on the north of the seamount chain, whereas
small on the south of the seamount chain.

Wy vl W Zd s A K
WEILFIAER | M17[137my] M21.5[146my]
2912’N - |5,800m (6.060m) |6,200m (6, 160m) | 400m
SEIFHE | M18[139my] | M22[148my]
2824'N | 5,800m (6. 080m) |6,100m (6. 180m) | 300m
HILFIEFH | M20[143my] M24.5[152my] 100
27°36'N 5,700m{6,130m) |5,800m (6,230m) m

() DKBEIZd=2,900+270% VT (Hayes, 1983) Ic k%
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Fig.14 Evolution of the geomorphology and structure of the surveyed area bounded by the seamount chain to

the north and Ogasawara Plateau to the south and ajoining southern seafloor in the westernmost part of

the Northwest Pacific Basin
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ADCP 5 — 4 »° 5 & 1= BEi o nasgs

mE
Velocity Profile of the Kuroshio Measured with Shipborne ADCP t

Yutaka MICHIDA*
Abstract

Velocity structure of the Kuroshio in East China Sea and south off Japan is investigated by analysing
ADCP data for the period from 1985 to 1990.

By analysing the ADCP data obtained along two meridional regular observation lines, it is shown that
the horizontal structure of the Kuroshio south off Japan has big difference by the location of the
Kuroshio axis ; in the cases when it flows closer to the coast and when it does far south from the coast.
In the former cases, horizontal structure of the eastward velocity decreases rapidly with its distance
from the Kuroshio axis onshoreward, and slowly offshoreward, that shows an asymmetric profile. In
the latter, on the other hand, it shows rather symmetric.

By calculating gridded mean velocities, vertical profile of the Kuroshio current is proposed that the
vertical shear down to 200m is almost linear in the region south off Japan, and the speed at 200m there

is approximately half of the surface current.
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Fig. 1

140B

Location of ADCP observations in the Kuroshio region south off Japan obtained onboard survey vessels

Takuyo and Shoyo from 1985 to 1990. Approximately one fourth points of observations are plotted.
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Table 1 ADCP observations across the Kuroshio
off Shikoku.
No Vessel Date Principal Observation layers(m)
1 Shoyo 1986. 6. 4- 6. 6 10 30 50
2 Shoyo 1986.10.22-10.24 10 30 50
3 Shoyo 1987, 5.14- 5.16 10 30 50
4 Shoyo " 1987.10.31-11. 1 10 100 150
5 Shoyo 1988. 3. 9- 3,10 10 30 55
6 Shoyo 1988. 5.23- 5.24 10 30 55
7 Shoyo 1988.10. 6-10.28 10 30 55
8 Takuyo 1985, 3.11- 3.13 10
9 Takuyo 1986. 3.11- 3.13 10
10 Takuyo 1986.10.14-10.15 10 50 100 200
11 Takuyo 1987. 3. 9- 3.11 10 50 100 200
12 Takuyo 1990. 3. 8 3. 9 10 50 100 200

Table 2 ADCP observations across the Kuroshio
off Omae-saki.

No Vessel Date Principal Observation layers(m)
1 Shoyo 1986. 5.31- 6. 2 10 30 50
2 Shoyo 1986. 8.23- 8.24 10 30 50
3 Shoyo 1986.11.12-11.13 10 100 200
4 Shoyo 1987. 5.12- 5.13 10 30 50
5 Shoyo 1987.11. 2-11. 4 10 100 150
6 Shoyo 1988. 3. 5- 3. 7 10 30 55
7 Shoyo 1988. 5.19- 5.21 10 30 55
8 Shoyo 1988.10.29-10.31 10 30 55
9 Takuyo 1985, 3.15- 3.17 10
10 Takuyo 1986. 3.14- 3.16 10
11 Takuyo 1987. 3.12- 3.14 10 50 100 200
12 Takuyo 1990. 3.10- 3.12 10 50 100 200
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Fig.2 Velocity profiles of the east-west compo-
nents of the surface (10m) currents across
the Kuroshio along the observation line off
Shikoku. a) Seven profiles observed onboar-
d S/V Shoyo. b) Five profiles onboard S/V
Takuyo.
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Fig.3 Typical velocity profiles of the east-west
components of the Kuroshio for the surface
(thick solid lines), 30m (thin solid lines) and
50m (dashed lines). a) For a case when the
Kuroshio axis was located close to the coast
(for No.1 observation in Table.1).b) For a
case when the axis was located offshore (for
No. 2 in Table.1).
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Fig.5 As in Fig. 2 except that the observation
line is off Omae-saki. a) Eight profiles obser-
ved onboard S/V Shoyo. b) Four profiles
onboard S/V Takuyo.
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Fig.6 Averaged velocity field for 1 x 1 degree
grids, for the surface (10m), 50m, 100m and
200m later (from the top to the bottom).
The velocity scale is drawn in the top left
corner of each panel, where the length of
each shaft from the center indicates 1 knot.
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Fig.7 Distribution of the velocities in the sub-

surface layers relative to the current direc-
tions in the surface layer for the 2.5 x 2.5
degrees grid which covers the Kuroshio edge
off Shikoku (32.5-35.0°N, 132.5-135.0°E),
for a) 50m b) 100m and ¢} 200m layer.
Mean values (large solid circles) and stan-
dard deviations for the same and perpendic-
ular direction of the surface current (thin
cross lines) are shown with their units in

knots.
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current directions in the surface layer for
2.5 x 2.5 degrees grids. Mean values for the
surface (10m), 50m, 100m and 200m are
calculated with the method same as for Fig.
7 and the length of each bar is proportional
to the mean value as indicated with the scale

at the bottom left corner.
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Fig.9 Normalized velocity profiles of the east-

west components of the surface (10m) cur-
rents across the Kuroshio along the observa-
tion line off Shikoku. Velocity values are
normalized by the value and the position of
the maximum velocity for each observation
case. a) Cases when the Kuroshio axis is
located close to the coast, north of 32°30'N
and b) when it is located offshore, south of
32°30°'N.
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Figl0 As in Fig.9 except that the observation |
line is off Omae-saki. a) Cases when the
Kuroshio axis is located close to the coast,
north of 32°30’N and b) when it is located
offshore, south of 32°30’N.
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Fig.11 Averaged profile of the normalized veloc-

. ity of the Kuroshio (thick solid line), its
satandard deviation (thin solid line) and the
profile of dynamic height calculated by inte-
gration of the averaged velocity (dashed
line), for a) when the Kuroshio axis is locat-
ed close to the coast off Shikoku (for Fig. 9
a)), b) when the Kuroshio axis is located
close to the coast off Omae-saki (for Fig.10
a}) and when the Kuroshio axis is located
offshore off Omae-saki (for Fig.10b)).

The velocity scale is selected as that the
maximum value of the normalized velocity

for each case in Fig. 9 and 10 is to be 1.

Table 3 The locations of half velocity and counter
current of the Kuroshio.

Location of Half Velocity Counter current

the Kuroshio Coastward  Offshoreward  Coastward  Offshoreward

(degree) (degree)

off Shikokoku 0.142 0.431 0.240 1.796

(Coastal)

off Omae-saki 0.118 0.498 0.450 1.236

(Coastal)

off Omae-saki 0.485 0.453 1.609 1.188

(offshore)
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Fig.12 Application of Weible distribution to the

averaged velocity profile of the Kuroshio off
Shikoku.
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direction for the grids marked as 'B’ in Fig.

8. The relative velocities at subsurface

layers are normalized values as that the

velocity at 10m be 1.0.
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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—

.'.

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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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

BInl iz w2 BRI & 28 tenn W BRI
BT LN 72,

158 N7 BHEEIC D WG SRICBB L 72 & 5 i,
B PUSERR BT B & O AR 2 B BRI ) 19
Eokhc 20 & PR D b DL R RO THIEL,
KEBDFRKE» LB E LTHEBLE, Zh
LORIELLESIZDWT, FEHI L oEEE DR
REPHT B LT L), ZDEDFEYKED S D
EmanHEEE Lz (Fig.4),.

Kiz, ZoOBEE, 197841 [HOFEARXNE |
TAT- RO ENESR (i L2, 1979) 12
L aRbEENEENHERE (e ED, FEID
WC Y HDPEZAT) & & LICRRES L UAHD
W EBESC L A HIE T T 3) L HIEL,
EEW o CAD ETEHOMER L Lz, Ehi

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

ZEERR, TN THhRBRZRL Tws, BEDE
RHENEERE FTEENAEX I % Table 212, ¥
72, UMERDSGA % Fig. 5 ITR T,

—75, BB MBI OKES D FTES RS
bz, KEANR LRI, ZENO%ERT
DRGREBEIAT & 7 Ot < lo b KRS (R
FAICERER, MBI ACHRERR S Rk e RAE) &
DEROEHAKEURE T 72, 2 OFER & WY
DFERD b, FFEAKEREL OFEKEIC AT 55
SERDIz N L DERE, REEIZ DV TIE1978
SEDEFEDE, MBIz DV TI21981F 0 bk
L BEBOMBEEE T 52 sk ), KiE
HoETEBZHEHL 72, L { Fig 5 cRE2RT,
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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
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2.9x10%7

T OWIBIC T, BB & % 0o ikZes)
AT 2 HF 5T IER IS v, v 24, dEEo

Wil 3T 2 57— % BRRAEOHWBEB» 5K T 5
ZERTERV, LT, ToHoFEmIE, B
DFTCECH B EH2 b5, PEICHETH»5E
BT 2b0EL 5, ETADLEFSIN LR
%mﬁM§@mﬂLT%@mﬁﬁ%EU<Fg7

TaAYI—TRYT. ZOfRRIZINLE, KELE
T»ik%%:d%%@hthui?%%%ﬁ%?
x5,

ARG T TN TIEBNT < B iEEER O
Wb, 2L T, BOWERIERLEEOKE W
I (BT en F2]8) IF I T b, IR
THLMEEZ2NET S &, RABICHET 28
I M EHEAFEAE L 2 LB T IS, BB O
BOHEMEOKRE S I RBICIIFHTE 3,

7272L, Tk ) BB E 2RI s
T b F ol L WiBAs, BRI ESE
L 72 W08 € 7 Ui & 2 Bl & EROREME & W
) MHEEII R & v, ETAUCIRFETE L WERT
By e T o M R R o MR T &%, SRR AR
BENCRES b TR e FHRENEI LT
»o, EHE, HEES N ETEENT, MBS
DEHWIGIIE N BbNEENHEITAE . T
12X N680em LEDIELDEDNRLENG, ZNHDIT
LDEY, WENDBREICHKT 2D DH, HbWniE
FEBICEL D0 KANT 5 2 LITEEL WY, B

AOKI and A. MASUYAMA

426

Latitude (N)

418

e B ) )
1390 1392 1394 1398 1398 1400 139.3 1394 139.5 138.6
Longiude (B)

Longituda ()

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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BASIC STUDY ON A SEA FLOOR STRAIN MEASUREMENT
USING ACOUSTIC TECHNIQUES '

Yoshiharu NAGAYA*

Abstract

Strains on the sea floor by the crustal deformation can be detected with an accuracy of 10~% by the

method of acoustic ranging. This accuracy is attained by determining arrival times of acoustic signals

with high resolution using a pulse compression technique as well as by the correction of sound velocity

variations by the measurement of water temperature, salinity and pressure with accuracies of 0.003C,

0.01% and 1 mH,O respectively. Temperature anomaly with an amplitude of 0.1C and a horizontal

scale of 100m brings an error of cm. The fluctuation of observations by local temperature disturbance,

however, can be separated by long term observation.

1. BLsic

VLBI % SLR I2fRF I N2 FHBM ORI, H
WEBOWRICH 2 e BRIOEBEZEIT2Z Lick -
Tz TVv— MEBOFER (B2 1E, Sasaki, 1990)
EEbin, Tv—1 DIEER LEB X O HH
(Heki and Foulger, 1993) ~ & HIFEH A T 5,
HAZIEIC200% 8 2 2 GPS i Bl w2 BE L,
IR 2 R EE) 2 R ER T 5 Z s L - THIE
FHUCES ) LT HEELRMSI N (BT,
1994) .
INLEHEEMONEERICELNTEY, B
WORWEDBL WHEKIZ L » T — v FE N B
TOHBEBOWRITKRESLbEN TS, HR
MR B 2WEEKR, P72 75— 2AMEOME
B, WBICBT DhARA L HIMEDOTER & v o 72
B e GBI X FAET B, TNLDBNE R ER
BT A EATENIE, HFBRETHOMEIZS LI

RECERT L L3 N5,

MR CHEBIHE 7 HERE B BT & L T3
BHlE & BREH?E 2 51 b (Kanazawa, 1989).
IH - Al (1981) BLOIKE - BH (1984) i3, IR
ByF 2 FH L ST % BFE L CHEESE OB
BAT-CB), BUBSRIEBETEOYy 7)) v 7
PP IS TELPRETHLEHEL TS
—7, Spiess (1980, 1985), Ml (1991) B L U*
Fujimoto et al. (1991) 3 EFW OB LB R
WETHPEPIBEL T, HH - A (1991) 1
BRI DWTCT Y N ET) 2 ki k- T
FHS G & S/N @ﬁj:%'o T

2 k% S — i B OB R CIT B AR &
hﬁk@ﬁv7UV7WE§E%%&ﬁéo%:,
EFREOESHESES— Y RN0BUEOEA,
MEFENZ LYy 7 ) 70ELELITAIE
BRICEK LY 2 b B ECRENEEE o
7)) — P CERICEET S HESRICTbILT

T Accepted 16th March 1995
* YEFERFZEE  Marine Research Laboratory




68 Yoshiharu NAGAYA
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1 de

FS A4S+ 4D (2)

Table 1. Approximate coefficients of sound velocity (after Urick, 1983) and accuracies of the strain measure-

ment,
variation , - Ac
, coeffcient coefficient —
with c
temperature ﬁ _1__8_0_ i i AT
(near 21C) [ T (.8 m/sec,/C ¢dT g55x104/C | ¢ T 2%10°6
de ' 1 de 1 de
salinity i —— ——AS
IS 1.2 m/sec” %o ¢3S §x104,/% ¢ aS 8% 107
de 1 de 1 de
depth g _“79“ ——AD
D 0016 m/sec/m | € 9P 11X105/m ¢ oD 1X10°
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Table 2. Accuracies required for the measurements
of travel time, water temperature, salinity and
water pressure to realize the strain measure-
ment with an accuracy of 107° on the sea floor at
the dépth of 3000m,

acurasy
time 6usec
temperature 0.003°C
salinity 0.01%,
depth 1m
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D KE (m) 0 =D=8000 (3)

(2) Wt REA

BED 2 SHEESyr— TNV THRAZ ENTES
Z b 1 AORECEBIEM 25T 52 L TE
b, LL, EBEFEI00mE LIcEET 2854
T=TNEEo R IEEICRET A, tiﬁ%

Tl v,
el ¢, 2Kl ”%Téﬁéﬁﬁ%ﬂ%h ?
OREA%E & - 22 T, —EDRMEET

BaT2E, ZREAZAETLZ Lics- ‘(Eﬁﬁ%
W ZKD B Z EDTE, 77N TREIDLEL S
(% b ZOYE 2 BDORETD RO T L fARE
MOAIcREL 52 5, Lo L, BEmCERE
MZFH LIS 2T T 5 2 Lic k- TRER/NS
CFBTENTED, LTIcZNERT,

A, Bl THERDEE & HRFCFRDSE 21T

Yo ANDLEWNSFESNLIANE Ty, BENS
REINLRAE T T 5L, ANTHENSIR
PRI 24 & B3 TR BRI 412, EOR
IS T % kA TRSI NS,

ta=(1+ ‘}f’) (Ts+T—Ty)

t3=(1+4’7f) (Tat+T~Ts) (4)

SET faE I A, BAOBIH b5 SR
T OB LOB WS R, Afs& Afold T LN OB
ErET, PR DL

el (44
B Y4) e

a&aAfL%JIZIE@Z [‘Jﬂfw‘]’[f‘*]s@xu%sﬁ
@7[f; fﬂjiawo)?wmwﬁ& %72,
3THD Tp— THIRBIAE L KT, REREI R
BT & DA TR, WETOREDHIE Tty
BORMI»TELZ E b b, 22T SULED
BEL2F ORI B L 4 5%, KERETF M-
THBICIES Z XA CE B, 7270 LIRS R
EEBICEMT 520, WETIUE T~ T<To
Sl I NT kb, MPBEORFEICL - C
—H RN OB — R B b < 3RS
T b, FZC, BETEDICFHS LB
MHE & LT, ZD1EIERE S 115 FHME & w0 iE
EDENTOHREL fEE M2 725, Bithd—%
REtEH L L LCIREL Y B BER Ty 2 kit s »
T, KEIORERRZEZIZ 52 L TE S,

(3) RipE & EMIEk

WK 2238 2 F i3, BREVLRUS N 2 CRs i
ik AWRINE & OF MgSO,ic iR 3 115 i &
LBIIC E »THRETET 2, T bick 2{BEHGEHER
TL (dB) i

TL=20log7r + ar (6)
TREND, 22Ty IFRE»LOMRE (m) %7
To a FUNURE X RSN, B¥E f (kHz) OIS




70 Yoshiharu NAGAYA

L TRRTEME LS (Urick, 1983).
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Fig. 1. Transmission loss of underwater sound.
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Fig.2 . Four examples of feedback shift register
circuits generating M-sequence codes of fifth
order togather with primitive polynomials to
determine the topologies of the circuits. M-
sequence codes generated by a circuit are identi-
cal even though any binary sequence except for
all zeros is given to (wl,w2,-:,w5) as initial
values. Plus on the circuits indicates exclusive
OR.
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Fig. 3. The M-sequence code generated by the shift
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Table 3. Comparision of the effect of pulse compression between Frequncy Shift Keying (FSK) and Phase Shift

Keying (PSK).
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