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Sonic Method Survey at Osaka Bay

by
Masami Hayakawa, Kiyoshi Mori, Seikichi Kamata & Kazuo Fujita

Abstract

During two weeks from the end of June till the middle of July, 1962, sonic exploration
was conducted at Osaka bay by the writers.

This is a collaboration work by Osaka City University, Kobe Marine Meteorological Obser-
vatory and Geological Survey of Japan.

Besides the present writers, Messrs. J. Komai and S, Furuya participated in the field
sonic method operation, and E. Tachibana, E. Matsuda, K. Ichikawa and T. Sasaki carried
out the location survey.

The ship used for this work is 5. S. “Shumpiimaru” of Kobe Marine Meteorological
Observatory, (Captain : K. Kawaike)

The writers must record their gratitude to Prof. N. Ikebe, Prof. Y. Saito, Dr. K. Terada,
Dr. T. Otani and Dr. A, Mano for their managements, encouragements, valuable advices and
helps in the course of this work.

The major purposes of this survey are as follows :

(1) To make clear the distribution of alluvium and diluvium at Osaka bay and also
to know the thickness of -alluvium are important from the point of land subsidence and
reclamation at the coast of Osaka bay.

(2) To know how the faults on land extend under the seabottom of Osaka bay.

(3) To find out the geological structure under the seabottom of Akashi strait.

This is interesting for the development of civil engineering problem, for example, to
bridge or to tunnel under the seabottom between Honshli (Main land) and Awaji island.

(4) To know the underground geological structure of Izumi sandstone formation at
Kitan strait. This formation is related to the structure of Central Median Line.

The data of both (1) and (2) are effective to solve the key of formation process of
Osaka bay.

From the viewpoint explained above, the writers selected and set 26 traverse lines of
sonic method survey., . (see Fig. 3 and Tab, 1 ) The total length of these lines is about 550

kms. In the location, they used sextants and radar of the ship.

This survey is a kind of sonic exploration method. The equipment was designed and
constructed by the Geological Survey of Japan and Nihon Electric Co., Ltd. In the follow-

ing, a brief explanation of the equipment is described. The block diagram is shown in Fig. L.
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The equipment consists of a transmitting, receiving, controlling and recording units,
including sparking electrode and hydrophone. .

The source system consists of the spark power unit with its associating triggering mecha-
nism and the spark cable terminated by the spark electrode in the water. The spark electrode
is towed astern of the survey ship at a distance of approximately 100 m to avoid noises from
the screw of the ship. The spark cable is a floating cable and the spark electrode is towed
at the end of the cable at a depth of 1 to 1. 5 m. The hydrophone and the spark electrode
are separated about 5 to 10 m.

The spark power unit consists of a large tansformer, rectifier, and large condensers.
The condensers are charged to 10,000 volts D. C. through rectifier which is connected to the
sccondary of the transformer. Their periodic discharge through the electrode gap in the
water is the sound source for the sparker. The sound energy of the spark discharge in the
water is slightly less than that of small clectric blasting cap. This discharge is controlled by
the controller (triggering mechanism) which gives pulses from 1 to 1/8 sec.

By such processes, the electric energy is converted to the sonic pulse energy from 100 to
3,000 cps.

The sonic pulse energy arrives to the reflecting interface below seabottom and it comes
back to the receiver (hydrophone) and this receiving sonic energy is converted again to
the electric energy through hydrophone.

The receiving and recording system consists of a detector in the water attached to a
floating cable approximately 100 m in length towed astern of the survey ship, a preamplifier,
a variable band pass filter, a signal amplifier with A.G.C., a control chassis, and a recorder,
Two recording sections on a single recording drum are available.

The dual channel equipment consists of a recorder drum with two helical wires attached
to the drum. The helix wire forms one of the electrical contacts of the recorder. The other
contact is a knife blade located above the paper. When the current is passed from the
helix to the knife blade, it makes a mark on the recording paper. The amount of darkening
on the paper is proportional to the strength of the electrical signal passed from the helix wire
to the knife blade.

The first or upper channel on the recording paper is almost always used to record the
rellections from the surface (0 meter) down to 1/8, 1/4 or 1/2 sec vertical time,

The second or lower channel can be used for many purposes. For example, it can be
used as simply extended depth interval from the upper channel. If the upper channel were
used to record 0~1/4 sec, the lower channel could be used to record 1/4~1/2 sec.

In both channels the same depth interval informations with a different variable band
pass filter can be recorded by using the same hydrophone,

The sparker records are essentially a profile of the geologic structure underlying the
survey ship’s track. Depending on the constancy of the surface ship’s speed which is generally
good, the horizontal scale will be a linear distance scale. The hydrophone is composed of
balium-titanate crystal.

The frequency of the sonic pulse generated by this method is higher than that of the
conventional seismic exploration and lower than that of echo sounding. This means that
although the transmitting power of the sonic pulse through rock formations below seabottom
is smaller as compared with that of conventional seismic wave by seismic exploration, the

resolving power for the formation structure is higher than that of seismic method, and the
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attenuation of sonic pulse energy through formation is smaller than that of echo sounding.
The writers need not worry about the damage for fish because of small sound energy, con-
sequently the reparation for fishermen. The above is the brief explanation of {he equipment
which they used in the present survey.

They obtained sonic records as in Fig. 4, and the simplified profiles are seen in Figs,
5, 6 and 7.

The results obtained in the present prospecting are as follows.

(1) The distribution of alluvium and diluvium at Osaka bay has been made clear, com-
paring the sonic records with boring data at the offshore of Osaka harbour.. The “Osaka
layer” (diluvium) is seen in all the present sonic records and the flat seabottom which oceu-
pies more than two-thirds of Osaka bay (shallower than 40 m of water depth) is covered
with alluvium, ‘

The alluvium at Osaka bay can be divided into two, the upper and the lower by the
present survey.

The lower is distributed at “Okinose” about 10 kms southeast of Akashi strait and it can
be seen widely in the southwestern half of Osaka bay.

The upper covers about all the Osaka bay except the southwestern part of the bay, and
it is thin at the bay coast, and it becomes thick at the central part of the bay. (Max. depth
is about 40 m), and especially, in the northeastern part of the bay, it is widely distributed.

Besides, the upper is scen at the offshore of Sumoto, Awaji island.

The thickness of alluvium is thought to be impoftant from the point of land subsidence
and reclamation at the coast of Osaka bay.

In some places (in survey lines Nos. 3, 4, 8 10 and 24), something like paleo-Osaka
river bed is seen.

(2) In some parallel lines Nos. 3, 22, 21, § and 23, some fault like structures in “Osaka
layer” dipping to SE are seen in the direction of NE-SW paralleling to the east coast of
Awaji island at the distance of 8 kms from the Awaji island. (Besides this, in lines Nos. 2
and 24 near Kobe harbour, somewhat dipping part of “Osaka layer”is seen in SW direction.)

In case of the former, the result agrees with the geological evidence. Namely, these
faults seem to have been formed by the uplifting of Rokko mountain block and the subsidence
of Osaka bay, and the faults may correspond to the boundary between uplifting and subsidence
and must be the extension of Ashia and Koyd faults on the land, under the seabottom of
Osaka bay.

The data of both (1) and (2) are effective to solve the key of formation process of
Osaka bay.

(38) At the Akashi strait and its adjacent area, various kinds of survey, dredging, boring,
sparker and observation by submarine boat, were carried out by the Japan National Railway
Government and those results were already obtained The present survey lines Nos. 3, 17
and 22 were set in this area.

The result of the present survey does not contradict with that of the former survey.
Besides, some interesting data have been added to the former survey result by this survey.
Namely, in the observation point No. 4 of the survey line No. 22, seabottom granitic spine
and some other faults were obtained. The structure under seabottom, which was added by
this survey, is thought to be also important from the development of civil engineering

problem, for example, to bridge or to tunnel the part under seabottom between Honshil
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(Main land) and Awaji island.

(4) At lzumi sandstone area (Kitan strait), some survey lines were set, survey lines Nos.
10, 11, 12, 13, 14, 15 and 16, to find out the underground geological structure of this area.

" As the result, at the caldron structure of seabottom in the western part of Tomogashima,
the outérop of Tzumi sandstone formation was discovered, but in other lines, it was difficult
to make clear the detail structure of Izumi sandstone formation, because of covered layers.

However, at the observation point No. 11 of the survey line No. 11, observation point
No. 1 of the survey line No. 13 and observation point No. 27 of the survey line No. 15,
unconformity in the lower part of the Osaka layer was recognized. Deeper layer than this
part was made clear to dip downward the Awaji island.

Whether the structure deeper than this unconformity may correspond to the Izumi
sandstone formation or some other interface structure exists, is not clear, and this is a future
problem, but for a moment tentatively, the writers named this formation as “Hakosaku
formation”.

To know in detail the Central Median Line, they must set traverse lines at southern part
of the present survey.

The above is the result obtained by the present survey, And, it seems to be necessary
to conduct seismic prospecting or seismic profiler survey to know the deeper structure at

Osaka bay.
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