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1. Introduction.

The marked topographical deformations which appeared in connection with
explosive activities were brought to light in a number of volcanoes on the
basis of resurveys made by means of precise levellings and triangulations.
For example, in the cases of the volcanic activities of Usul in 1910, Sakura-
zima? in 1914 and 1946, Komagadake® in 1929, Miyake-sima® in 1940, and
Asama® in 1935-1937, upheavals and subsidences or horizontal displacements
were made clear on and around those volcanoes, though the scales of defor-
mation and the affected area varied according to the natures and magnitudes
of eruptions. ,

However, these topographical deformations were usually elucidated by
two series of surveys, of which the first was mostly carried out several years
before, and the second just after the eruption. Therefore, we can not distin:
guish clearly whether they occurred prior to or in the midst of the eruption.

.Since the recent outstanding eruption of Usu was preceded by about half a
year of the pre-volcanic stage, in which the topographical deformations accompa-
nying numerous perceptible earthquakes were in fact remarkable, levelling
surveys® together with seismic observations? were carried out not only in the
course of the paroxysmal eruption but also in the pre-volcanic stage. As the
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result of that, we could throw light on the modes of the crustal deformations
and their developments in the various stages of- the recent activity.

Judging from natures of volcanic phenomena, the recent activity of
Volcano Usu during the period from December 28, 1943 to October 1945, are
divided into the following three stages which accord essentially with the classific-
ation made by T. Ishikawa,® though he subdivided them into finer detalls

1) Pre-volcanic stage:

This stage including the period from occurrence of the first earthquake
to the day preceding the first explosion, is characterized by numerous percepti-
ble earthquakes on and around Usu and remarkable rise of the ground at
the eastern foot of the mountain forming cracks and fissures of various scales.
The stage lasted six months from December 28, 1943 to June 22, 1944.

2) Stage of paroxysmal eruption:

The second stage includes the four months during paroxysmal explosions,
forming seven craterlets newly opened at the central area of rise, namely the
period from June 23 to October 31, 1944,

3) Stage during birth and development of lava-dome :

The third stage falls on the period in which a lava-dome appeared at the
centre of the craterlets which opened in the second stage. Toward September
1945, the lava-dome being completly formed, the recent remarkable eruption
came to an end. Accordingly, this stage includes the period from directly
after the last paroxysmal eruption on October 31 to the end of the recent
activity. o ) _

Although the division into these threc stages just mentioned was made
mainly from the view-point of volcanic phenomena, they harmonize well with
the characteristics of earthquakes and topographical deformations.

2. Developments of the Rising Movements at
the Eastern Base of Mt. Usu.

The cracks and fissures newly formed on the roads, canals, banks and
corn fields between villages Kami-Osaru and Yanagihara, seem to indicate
that the rising movements of the land at the eastern skirt of the volcano
began to develop already towards the end of January, 1944. However, after
the upheaval of the mentioned area lasted for about a month, the movement
shifted immediately 1km north to village Yanagihara. .

On March 25, 1944, the writer in co-operation with the Civil Engineering
Section of the Hokkaido Prefecture planned the levellings along the civil road
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passing through the rising area including villages Kami-Osaru, Yanagihara,
Hukaba and Sobetu.  During March 28-April 4, 1944, the levellings along the
route from Kami-Osaru to Hukaba were carried out daily or semi-daily to
determine the mode of the uplifting movement. Thereafter, levellings were
carried out twenty four times on the same route in order to elucidate the
i topographical deformations throughout the whole period of the eruption des-
cribed above. o
Although the topographical deformations based on those levellings were
partly reported in the previous paper, the phenomena are here reviewed with
respect to another particular. '
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Fig. 1. Development of rising velocities at the eastern foot of
N Mt. Usu, during the period from March 1944

to September 1945.

As mentioned already, along the route of 5km in length from Kami-Osaru
to the southern part of Sobetu, including 55 bench marks which were estab-
lished at 100 m intervals, our levellings were made 30 times in the total or at
intervals of two weeks on the average of surveys during the period from
March 29, 1944, to May 22, 1945. From the results of those levellings, it was
made clear that the vertical deformations developed in the form of dome
throughout the three stages, amounting to 30-20 cm per day -in the maximum
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rising velocity on this route. In order to examine the variations of the rising
movements through the three stages mentioned, daily rising velocities of those
bench marks are illustrated on the diagram of Fig. 1, on the basis of these
levellings. Since our levellings did not cover the period before March 23, 1944
and after July 1945, approximate estimations concerning the rising velocities
on this route before and after our surveys were made by means of available
results of other surveys such as levellings on the railroad at the initial stage and
tilt measurments of land by making use of the dammed water at the final stage,
which was temporarily formed by marked upheaval at the bed of River
Sobetu. Aided by this figure, it will be clearly recognized that the centre
of rising movements at Yanagihara shifted again nearly 1km to Hukaba
during the period from the middle of April to the later part of May, 1944,
and after that, the upheaval at Hukaba lasting without break till the end of
the recent eruption, did not remove much, though to some extent to the north,
which resulted in the new formation of the roof mountain more than 200 m
high. Taking into consideration, in addition to the result shown in Fig. 1, the
results of other surveys such as tilt measurments on and around the rising
area and levellings covered on the railroad and at the river side of Osaru, we
may conclude that the disturbed area including the uplifting ground became
more and more concentrated to a limited area in accordance with the develop-
ments of the eruption.

It must be added also that our levelling route on the civil road traversed
about 300-400 metres east of the centre of upheaval. On this account, the
upheaved amounts and their rising velocities both given by our levellings do
not show the maximum values of the present topographical deformations, which
are estimated at nearly three times the former.

Concerning the correlations of the topographical deformations with the
developments of the recent eruption, we can remark that in the course of the
pre-volcanic stage, the rising movements shifted 2 km north from Kami-Osaru
to Hukaba and simultaneously converged in the limited area less than 1km
in its diametre toward the middle of June, 1944, when the paroxysmal stage
began to start. During the birth of the lava dome and its rapid development,
the rising area with velocities over 15cm per day was enlarged conspicuously
and subsequently the ground deformations were decreasing in their velocity
as well as in their affected area up to September 1945 when those new for-
mations were completely built.

To make everything precise, the phenomena are examined by movements
of several bench marks which seem to represent their general modes. For
the purpose, the movements and their daily velocitses with respect to the
bench marks Nos. 6, 9, 12, 16 and 21 of which the locations are shown on the
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map in Fig. 1, are illustrated in Fig. 2 by taking time in abscissa. As will b2
seen in this figure, each bench mark rose with variable velocities according to

the developments of the recent activity, though displacement curves in the
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Fig. 2. Moces of upheaval and rising velocity of the representative bench
marks (Nos. 6, 9, 12, 16 and 21) situated at the eastern foot
of Volcano Usu during the recent eruption.

figure show only simple increase in their heights. It may be also interesting
to make clear the topographical deformations within shorter period than those
just mentioned. From this view-point, the results of the levellings which were
carried out semi-daily at the initial s;cage from March 29 to April 4, 1944, are
shown on the map in Fig. 3, in the form of daily velocity. By a glance at
this diagram, we can conclude that the daily movements of the area during
the seven days presented a considerable similarity as if those bench marks
uplifted with constant velocities respectively.

It is, however, worthy of note that tilts on a small area changed their
directions frequently, notwithstanding the fact that the area on which tilt
measurements were continuously made, was rising with nearly constant velo-
city during the period. Therefore, it will be reasonable to infer that the tilts
at an extremely limited area, such as several square metres, are not simple
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Fig. 3. Daily rising velocities at the Yanagihara area during
March 29-April 4, 1944.
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with respect to either their areal distribution or their time variations, even
when the vertical movement of that area takes place in a simple man-
ner. The foregoing relations between the topographical deformations and
their differential quantities concerning time and space hold true with the
results of tilt observations at Volcano Asama® which have been carried out
continuously since 1934. .

3. Horizontal Displacements on the Rising Area,

Measurementsl® for determining the horizontal displacements of the rising ‘
ground had been occasionally made during the recent eruption, though these

9) T. MINAKAMI, Bull. Earthq. Res. Inst., 20 (1942), 431. )
10) A. ZITSUKAWA and T. NAGATA, Zisin, 14 (1944), 1, S. MIYAMURA, Spec. Bull.
Earthq. Res. Inst., 3 (1944), 57.
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surveys were not carried out so systematically as in the case of the vertical
movements mentioned above. Generally speaking, however, the horizontal
deformations throughout the eruption developed always in the outward or
radial direction from the active craterlets which were all located on the central
part of the uplifted area. As the result of that, the civil road and the railroad
running 500 m and 650m east respectively of those craters, both shifted
exceedingly toward the eastern direction during development of the new
mountain. ‘ '

To determine the mechanism of the new formations, namely, the roof
mountain and the lava dome, it is, in fact, important to make clear not only
the vertical deformations of ground, but also its horizontal displacements.
For this purposé, surveys concerning the horizontal displacements were made
in the summer of 1949, at those two roads on the basis of the topographical
map which had been drawn prior to the recent eruption. In other words, the
total displacements at the eastern flank and base of the new mountain were
given by comparing the positions of these roads bzfore and after the ground
deformations. As the result of this investigation, it was made clear that the
civil road and the railroad shifted about 60 m and 20 m respectively in their
most affected points toward east or radial direction from the centre of the
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Fig. 4. HorizontaIAdisplacements at the eastern base of
the newly formed mountain.
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new mountain. Since these two points just mentioned were uplifted simul-
taneously nearly 70'm and 20 m respectively, the topographical deformations
of this area were of quite the same amount in both vertical and horizontal
directions. Fig. 4 shows the horizontal displacements of the civil road and the
railroad together with the total upheaval of the area.

It must be remarked that, so far as the horizontal displacement is con-
cerned, it underwent its greatest development at the final stage of the eruption.
It is, however, quite natural that at the initial stage when Jlava had been
intruding in the deep-seated vent, the vertical movements were decidedly
superior to the horizontal deformations, and in converse the latter phenomena
became exceedingly predominant according as viscous lava approached or came
up to the earth’s surface.

4. Mechanism of Development of Front Meuntain.

Towards the middle of July, 1944, when the paroxysmal eruption was at
its height, it was noticeable that the ground around the base of the new
mountain began to rise abnormally and developed rapidly according as the
lava dome grew and the horizontal displacements in the radial direction ac-
celerated. In May 1945, a hill in the form of a ring or a half-ring, which is
called the front mountain, was formed at the margin of the roof mountain
(Fig. 6). Judging from morphological investigation, the front mountain is built
up more completely at its eastern part which includes the former rice-field of
soft soil than at the other part, which is formed by firm materials such as the
Usu lava-flows and the Takinoue lava.

As will be seen in Fig. 4, the ground corresponding to the inner and outer
sides of the ring-shaped hill shifted about 55 m and 15 m respectively outwards
from the original positions.

In a small part of the ring formation in Fig. 5, Ay, A; and By, B, represent
the original positions of the inner and outer sides, Aj, Ajand Bj, B; the shifted
positions corresponding to the former, 0 the centre of the lava-dome newly
formed, 0, angle of the sector and ’
71, 72, 71, 75 distances between the
original and shifted positions at the
inner and outer sides of the front
mountain. To compare lengths of
the segments 4;A, etc. and the arcs
A,B; etc. and the area (A,4,B1B,)
with those after the deformations,

Fig. 5. Schematic illustration of horizontal

displacement around the
the following ratios are made: roof mountain.
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As the above results show manifestly, the line sides in the radial direction

‘. were considerably contracted, and on the other hand the arc sides were elon-

gated along the co-radial direction. As the result of that, the area in question
shows remarkable contraction amounting to 2.2x10-1 Tt is thus obvious that
the hill of ring form was built by considerable press{lre acting laterally
from the centre of disturbance owing to intrusion and extrusion of viscous
lava and resulted in abnormal upheaval nearly 20 m high, retaining the origi-
nal surface of ground. At gullies formed in the front mountain, we can
observe remarkable warpings, foldings and thrusts of rather small sizes caused
in the manner just mentioned. (Fig. 7).

Although the front mountain is a swelling of ground formed by mainly
lateral pressure, tensional forces might act upon this area in the co-radial
direction in the course of rapid development of the new formations.

' On the other hand, cracks and fissures newly formed on the rising area
were varing in their sizes as well as in their running directions. However,
the fact that those of a comparatively larger scale were mainly running in
the radial direction, suggests close relations with the tensional forces due to
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the outward movements of ground. At all events, the mechanism concerning
the formation of the front mountain are to be explained satisfactorily only by
introducing the horizontal movements of the area and enormous lateral pres-
sure which were both produced by invasion of viscous lava of large volume
more or less solidified.
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Fig. 7. Warpings and foldings of small size seen in
gullies on the front mountain.




