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(The numerals against the black circles designate the number of bench marks )
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41, The Deformation of the Eartl’s Surface that accompanied .
the Ogasima Earthquake of May 1, 1939.

By Naomi Mivase and Ryukiti TakEg,

Earthquake Research Institute,

(1) Introduction,

A severe earthquake occurred on May 1, 1939, in Ogasima, near Akita, Hundreds of houses
in the villages in the northern part of the Oga peninsula were destroyed, The damage caused
by this edrthquake and the distribution of the epicentres of the aftershocks were studied by
Hagiwara and his collaborators, the results of ‘which are reported in this volume®,

Associated with this earthquake were found dislocations, i. e, series of cracks in various
piaces,  The localities of these series of cracks are grouped Driefly as follows:

(1) . In the neighbourhood of Kitaura-mati®, located on the northern seashore ~of the
peninsula, ’ ]

(2) In the neighbourhood of the villages of Anden®, Kotogawa®, etc., the regioﬁ where
the damage caused by the earthquake was severest,

(3) On the northern slope of Kanpiizan® volcano,

(4) In Katanisi-mura, in the narrow isthmus dividing lake Ilatirogata® from the Japan Sea,

. Of these dislocations, the series of cracks that appeared in the neighbourhood of Kotogawa
and Anden are, according to the reports by IHagiwara and also by Y, Otuka®, distributed along
mountain ridges, The ceries of cracks that appeared on the northern slope of Kanpiizan volcano
are also reported as being located along the ridges, These series of cracks are therefore believed
to have been forrzed.by the slipping of a part of the earth mass forming the slope, activated by
the earthquake shocks,’ '

In the neighbourhood of Kitaura-mati, a conspicuous landslide occurred, A cliff extending
about one km along the Japan Sea slid down to the sea, and more than hundred houses in the
slid area were destroyed by differential movements of numerous blocks which were broken into
many pieces of soil mass as they slid down, This landslide will be described in section (3) of
this paper,

In Katanisi-mura, a series of cracks appeared, and in several places water gushed out from
underground together with sand and black mud of offensive odour, In some places, the ground
surface seems to have sunk conspicuously, According to the inhabitants of this locality, the dep-
ression amounted to more than 4 feet.  The deformation of the earth’s surface in this region
was measured by means of precise levels, the results of which follow,

(2) Deformation in Katanisi-mura,

The series of cracks that appeared in Katanisi-mura originated in the narrow isthmus sepa-
rating lake Ilaitirogata from the Japan Sea in the northwest corner of the lake, the locality being
shown in TFig, 1,

The distribution of these series of cracks is shown in detail Fig, 2, In the area Dbounded
by the series of cracks as shown by the shaded area in Fig, 2, underground water gushed out

1) T. Haciwara, This volume of the Bulletin,

2 duilivr. 3 ZmE. 2 FFE)M. 5 SRl 6) ADRE.
7) Y. O1uxa, This volume of the Bulletin,
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from various places together with sands and black muds, which may have contained decomposed
vegetation,

Along the cracks, horizontal dislocations were noticed, At a point denoted by A in Fig, 2,
the horizontal displacement was indicated by the displacement of a pole, At another point B
in Fig, 2, the horizontal dxsplacement was indicated by a new curve in a prevxously straight pre-
fectural road, :

The amount of horizontal displacements at A and at B, as measured are

) 1.3m at B
3:9m at A
The directions of the displacements are shown by arrows in TFig, 2,

Along the prefectural road traversing the area mentioned above, the heights of the surface of
the road had been measured by the prefectural authorities just before the earthquake, For this
purpose, the authors levelled along the prefectural road from Gomyoko to Kamayati over a distance

of about 3km,

They first constructed 20 bench-marks along the prefectural road for the measurement of post-
seismic movements, if any, The distribution of these bench-marks is shown in Fig, 3, The
heights of these bench-marks referred to bench-mark No, 20 at Kamayati are given in Table I,

The result of the precise levels along the line from Gomyoko to Kamayati was compared
with the result of the former levels executed by the prefectural authorities, The vertical move-

ments of the earth’s surface that might have been associated with the earthquake were thus
obtained,

The vertical earth movements measured are shown in Fig, 6, in which the displacements
are referred to the height of the surface of the road at Kamayati, where the surface of the earth
does not seem to have been disturbed by the earthquake,

The amounts of the vertical displacements measured-at various points as referred to Kamayati
are also given.in Table II, The ‘‘Horizontal distance” in the first column of Table II denotes
the horizontal distances of points where the vertical displacements were measured from the northern
boundary of Minami-Akita County®),

Since, however, the instruments employed in levelling by the prefectural authorities were an
ordinary Y-Tevel and a wooden stadia, the heights measured were not those of bench-marks, but
those of the surface of the road, the vertical displacements obtained by comparing them with the
recent result may contain errors of considerable magnitude, whick errors may in the main be due to

(i) Inaccuracy of the instruments used in the former survey, -

(ii) Differences in the positions that were selected for measuring the heights of the surface
of the road in the former and later surveys, :

The error due to this latter cause depends on the slope of the surface of the road at that
point, Since the difftrence in the positions of the points selected for the former and later surveys
may fall within a few metres, horizontally, and since the slope my Le 1° or so, the error in the
vertical displacement may not exceed 10 cm,

Allowing for errors in the vertical displacements just mentioned, which may amount to about
10,cm at the most, the vertical displacemennts measured shows that a part of the region subsided
to a marked extent,

It is noticed from.the result obtained above that the region bounded by cracks B and C sank
conspicuously, The depression amounted to about Im at the most,

It. is interesting to see that this region of remarkable subsidence coincides approumatcly w11h
the region where the emission of the underground water with sands was most frequent,

It may also te worthy of note that, accordmg to the inhabitants, the cracks were developed
at the time of the second shock "of the earthquake,  The “‘second shock” may be the S-phase
seismic oscillations of the main shock, The remarkable dislocations mentioned above may the-

8) TRHEM.
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refore have been caused, in this region by seismic oscillations,

The emission of underground water with sands is thus believed to be associated with the
subsidence of the earth’s surface,

The next question is, how was the subsidence of the earth’s surface caused there, The slope
of the surface is not steep enough to cause slipping of that part of the sandy mass that composes
the surface layer in this region, On the other hand, the following points may be related to the
phenomenon under consideration,

(a) The level of the under-ground water is about 50 cm below the surface in this region,

(b) The torbid water emitted at the time of the earthquake with offensive odour contains
half-carbonized organic substances, namely, peat,

(c) The level of the water of lake Hatirogata is about 10 m lower then the level of the
surface of this region, There is however a small lake named Tamanoike®) contiguous to the
region, the level of the water of which is about 1 m lower,

These facts may help to explain the phenomenon of local subsidence as given below,

The wet sand with half-carbonized organic substances, situated a few metres below the surface,
might have become fluidal as it suffered oscillations due to the earthquakel®, The fluidal mixture
of sand and water perhaps flowed to a certain extent, which might have caused the dislocations
observed - at the surface of the earth,

The surface layer of the sandy earth, which was then somewhat brittle, was broken in the
manner shown by the distribution of cracks,

If oscillation of the fluidal mixture of sand and water was excited by trains of seismic shocks,
the surface layer of the sand that remained solid may be exposed to systematic stress, as the
result of which the series of cracks may have developed as observed,

(3) Landdlide at Kitaura-matt,

By the landslide that occurred at Kitaura-mati, more than one hundred houses were destroyed,
The boundary line of the slipped area extends about one km or more, A part of the disturbed
area is shown in the reproduced of photograph, Fig, 5, The displacement of the slipped mass
along the slip plane was observed to be several tens of centimetres or 1 meter at most on the
boundary line,

On slipping, many cracks were developed within the slip mass, and, in a number of places
the slip mass was broken into small pieces of rocks, i, e, debris, Large quantities of these small
rock blocks were projected into the sea, In some places, however, large blocks were pushed
down into openings widened by the horizontal movements of adjacent blocks, The amount of slip
of the earth mass is therefore seen, at a glance, to be very large. ‘The true amount of the slip
however may be smaller, The fall of debris and the damage to houses might rather have been
a secondary effect of the main slip, i, e, they might have been caused by a number of cracks
developed within the slipped area,

The effect of the seismic shocks might be less than that which can be estimated from the
reported number of destroyed houses at Kitaura-mati,

In connection with the dislocation at Kitaura-mati, a line that may be regarded as an exlen-
tion of the boundary line of the slipped area was noticed, ~ Along this line, relative horizontal
displacement was noticed at A in Fig, 6, a photographic view of the horizontal dislocation at
this point being shown in Fig, 7, i

The relative horizontal displacement at this point amounted to about 30 cm, the eastern part
having moved north relative to the western part, It is also noticeable that several houses situated
on this line were more or less damaged, whereas the houses adjacent to the former were not
damaged at all,

9) EoOH.
10) Such as may be observed with quicksands,
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Fig, 3, Deformation in Katanisi-mura,
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Fig, 4, Deformation in Katanisi-mura,
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The extension of this line however could not be traced for more than a few hundred metres,
It may be deduced from what has been said above, that, so far as our observations on the
deformations of the earth’s surface are concerned, these dislocations associated with this earth-

quake cannot be regarded as a principal feature of the crustal deformations connected with the
occurrence of the Ogasima earthquake of 1939,

In conclusion, the authors wish to express their best thanks to the Prefectural authorities of
Akita for their kindness in placing valuable data at our disposal,  Our best thanks are also due
to Mr, Y, Inaba for his kind assistances in executing the precise levels,




