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1. Introduction

The earthquake swarm which began to be registered on 3rd August
1965 by a seismograph with a magnification of 100,000 at the Seismo-
logical Observatory of the Japan Meteorological Agency situated at the
southern outskirt of the town of Matsushiro, Nagano Prefecture, central
Japan, has now continued on through the two culminated periods, the
first around April 1966 and the second from August to September 1966.
During the second period of culmination when the crustal deformation
was most intensely active, underground water began to well out from
many places in the seismic area. The water of some of the wells was
of higher salt content. The outpouring was most abundant at the end
of September, 1966 and has since gradually decreased.

The present writers’ have investigated the geology of the main
seismic area in and around the town since the beginning of the earthquake
swarm by means of field and literature surveys. During the first period
of culmination, around April 1966, numerous cracks were formed on the
ground north of Mt. Minakami or Minakami-yama, a lava dome in the
central part of the present seismic area. Two of the writers” studied
and explained these cracks as surface manifestation of strike-slip faulting
associated with the earthquakes. Subsequently surface evidences of any
crustal movements caused by the present earthquake swarm have been
watched by them®. In order to ascertain geographical distribution of

1) R. MoriMoTo, I. MURAI, T. MATSUDA, K. NAKAMURA, Y. TSUNEISHI and S. YOSHIDA,
““ Geological consideration on the Matsushiro earthquake swarm since 1965 in central
Japan,”” Bull. Earthq. Res. Inst., 44 (1966), 423-445, (in Japanese with English resumé).

2) K. NAKAMURA and Y. TsuNEisui, ‘“ Ground cracks at Matsushiro probably of un-
derlying strike-slip fault origin, I—Preliminary report.” Bull. Earthq. Res. Inst., 44
(1966), 1371-1384, (in English).

3) K. NAkAMURA and Y. TsuNEisHI, ‘‘ Ditto, II—The Matsushiro earthquake fault”’,
Bull. Earthq. Res. Inst., 45 (1967), in press.
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the concealed fault or faults, new cracks which opened during the second
period of culmination were mapped with temporary co-operation of one
of the writers (R. M.) in the afternoon of 16th September. It happened
during the field work at about 17h30 m that they found some eracks of
a different kind from those they were mapping, on the mountain slope
near Makiuchi. These cracks developed into a landslide 20 hours later,
the first surface change causing severe disaster to the inhabitants of
the town. After the landslide which occurred on 17th September, two
others took place on 25th of the same month at Kirikubo and on 9th
October at Nishidaira-vama (Figs. 1-2, Table I).

In this paper, the present writers would like (1) to point out some
geological and clay-mineralogical characteristics of the landslide areas,
(2) to discribe mode of displacement in the Makiuchi landslide which the
writers predicted and observed, and (3) to discuss causes of the landslides
in relation to the active faulting and to clay mineralogy.
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Fig. 1. Index map showing the central part of epicentral area of Matsushiro
earthquake swarm. Square indicates the area covered by Fig. 2. Three open circles
are the landslides listed in Table I.
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Table I Date and dimension of the three landslides.

Date of |Average dip‘ width (m) ‘length (m)‘ area (m?) | Volume of the
Locality occurrence | of the slope moved mass
(1966) (] ’0f the affected ground surface (X104 m?)
Makiuchi* 17th Sept. 20 160 250 33,000 5-10
Kirikubo** 25th Sept. 20 50 50 2,000 0.3-0.6
Nishidaira-yamaj| 9th Oct. 25 160 200 27,000 5-10

*

- Rotational slump and earthflow,

Rotational slump only,
T Rotational slump and rock fall

A part of the expenses necessitated by this study was defrayed by
the special fund for investigation of Matsushiro earthquakes from the
Ministry of Education of the Japanese Government to the Earthquake
Research Institute. Residents of Makiuchi and officers of the town of
Matsushiro and of the Nagano Prefectural Government assisted the writers
during their field observations. The Shinano Mainichi Press presented
the writers with some useful aerial photographs (Figs. 3 and 7) for this
papers. Dr. Tokihiko Matsuda, Associate Professor of the Earthquake
Research Institute, joined the writers’ discussion. He helped the writers
in collecting the clay specimens with Mr. Haruo Takahashi of the same
Institute. The writers wish to take the opportunity to express their
cordial thanks to all the above-mentioned personnel and organizations.

2. Surface geology and the ground cracks

Surface geology of the area concerning the three landslides is clas-
sified into the alluvial fan and the mountain region” (Fig. 2). The
coalescing alluvial fans in the figure occupy the upper reaches of a
broad valley floor where the town of Matsushiro is located. The alluvial
fan consists of an irregular mixture of mud, sand and angular rock
fragments which were transported to and settled in the present area
probably by some mass-movements such as earth or rock flow or avalanche.

The southwestern mountain, Mt. Minakami, shown in Fig. 2 is a
lava dome of hornblende bearing augite-hypersthene-andesite which was
extruded in the valley probably during the late Quaternary age®. The
eastern mountain region in the same figure consists mainly of Miocene
diorite-porphyrite complex intruded into the fine clastic sedimentary

4) K. NAKAMURA and Y. TsunEisan, loc. cit., 2).
5) R. MormMOTO et al., op. cit. p. 432.
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Fig.¥2. Distribution of landslides and * fissure zones .

1. Mountain region, including its talus slope

2. Alluvial fan

3. Landslide, backward cliff and rotated and flowed earth

4, ““TFissure zones”’

A and B: Localities where displacement of the ground along ¢ fissure zone” has
been daily measured.

I, M, N, O, and S: Sampling localities (Table III)

rocks of the same age and overlain with Pliocene lava flows. The lower
skirts of the mountain region are covered with thin talus debris.

The difference between the two classified regions is explained as
follows in terms of historical development of the topography: The
mountain region has been an area of erosion and weathering since the
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development of the deep valley now buried beneath the alluvial lowland
including the valley floor where the town of Matsushiro is situated. A
period of rapid rise of the base level of erosion followed after the valley
cutting. Supply of much debris from the mountain region resulted in the
present day lowland topography partly occupied by coalescing alluvial fans.
This is evident from the extensive development of the ria-shoreline like
boundary between the mountain region and the lowland (drowned
mountain slope into the lowland) and also from thick alluvial deposits.

Therefore, the alluvial fans are younger depositional ground surfaces,
whereas the mountain region has been a source area for supplying debris
to the former.

In the case of the Matsushiro earthquake swarm, no remarkable
surface changes had been brought about owing to the small intensity
of each shock, except for those found at Kagai, Nuruyu, Zozan (Fig. 1),
ete., where groups of cracks were formed by slow underground slip or
rotation of shallow mass owing to the accumulated effect of vibration by
the successive earthquakes. During the first culmination, April 1966, other
kinds of ground cracks appeared on the narrow zone north and northeast
of Mt. Minakami and were reactivated during the second culmination.

Groups of ground cracks which had appeared on the surface in the
meizoseismal area of the present earthquake swarm till the beginning
of September 1966 are generally classified into the following two schemes
according to their modes of occurrence” although individual cracks are
similar tension-cracks.

1) The first type is represented by the group of cracks whose
overall distribution and displacement on the surface are quite conform-
able with the topographic relief, e.g. the general trend of distribution
of cracks is parallel to contour lines of the surface.”

2) The second type is represented by the group of cracks whose
distribution and displacement are quite independent of the surface
inclination.?

Localities where ground cracks of the first type are distributed are
scattered in the meizoseismal area. They appeared at the foot of the
mountain slopes just drowned into the alluvial plain. The topographically
lower side of the cracks moved downwards without exception.

The groups of ground cracks of the second type, on the contrary,
were formed in the narrow straight area arranged en echelon passing

6) K. NAKAMURA and Y. TsunEeisHl, (I) loc. cit., 2).
7} Bi-type of Nakamura and Tsuneishi, ibid., 3).
8) A-type of Nakamura and Tsuneishi, ibid., 8).
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through the central part of the meizoseismal area in the directions of
WNW-ESE and of ENE-WSW partly shown in Fig. 2 as thick lines.
This group of cracks was called a fissure zone in the previous paper?.

The *‘ fissure zones '’ consist actually of short parallel tension-cracks
arranged en echelon. Pattern of the echelon arrangement is the same
throughout respective zone and indicates the left-lateral and right-lateral
movement of the ground along the zones of WNW-ESE and ENE-WSW
trends, respectively. Displacement along the *‘fissure zones’’ has a
vertical component also. The northern side of the * fissure zones’’ of
WNW-ESE direction and the southern side of the zone of ENE-WSW
direction moved down respectively relatively to the opposite side of each
zone. The nature of these fissure zones formed on the ground north of
Mt. Minakami may reasonably be interpreted as the surface manifestation
of a new left-lateral movement of some underlying fault in the besement
rocks. The narrow elongated area where these cracks were found seems
to define the geographical distribution of the concealed earthquake faulting.

The fact that a number of mineral springs oversaturated with carbon
dioxide began to well out from some places through these eracks, means
that some of these cracks might have cut through the basal rocks down
to the depths of some 400-500 m. Because, similarly oversaturated water
welled out from that depth through bore holes at a neighbouring hot
spring in Matsushiro (e. g. Kagai, Fig. 1).

3. The Makiuchi Landslide

a) Sequence of the events:

During their mapping of * fissure zones’’, the writers found a new
one trending in a WNW-direction in the Makiuchi area on the way to
their inn. This was toward the evening of 16th September, one day
before the disaster, and at the two-forked path seen in Fig. 3, though
at that time cracks were less predominant than those appearing on the
photograph.

According to their previous observations about the *‘ fissure zones ’’
of WNW-ESE trend, the expected sense of displacement to be shown
by these cracks was exclusively north side down and left-lateral. But
the sense of displacement displayed by these fresh cracks was south
side down and right-lateral. Arcuate arrangement of ecracks was revealed
by hasty mapping and the writers recognized these fresh eracks almost

9) K. NAKAMURA and Y. TSUNEISHI, ibid., 2).
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Fig. 3. An aerial view of the ground cracks formed at the head of the impending
landslide at Makiuchi. Photograph was taken by Mr. Sakurai of the Shinano Mainichi
Press from a plane 50 m above the land two hours before the visible sliding which
started at 14h05m, 17th September 1966. Upper right of the rural road is cut by one
of these cracks to make a step, where several persons are standing. Fig. 4. is a
close-up of this part.
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intuitively as those usually found at the head of a landslide in its
initial state.

To make sure how the opening of the eracks progressed, they began
to survey the opening as soon as possible. Distribution of vertical and
horizontal displacement along the cracks combined with oral communica-
tion from village people clearly indicated that a slow landslide was just
taking place there. The writers marked a horizontal lines as make-
shift bench marks on the stone wall along the road traversing the head
of the expected landslide (Fig. 4) and made the first measurement with
a portable auto-level under the head-lichts of their car. The rate of
vertical displacement there during the daytime was roughly estimated
about 1em per hour from observations orally communicated by village

Fig. 4. A rural road was cut through by one of the cracks along which the
anticipated landslide was going to oceur. Displaced height was about 80 em, 20 minutes
before the visible sliding started. Horizontal lines were marked for levelling on the
stone wall at the left side of the road.

After taking this photograph, one of the writers (R, M.) asked the woman in the
photo whether she found any swelling place on the downslope or not. She replied
without fear that her own applevard swelled. He felt an impending danger and said
the all eyewitnesses to escape at once from the depressed road.
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people. The writers were afraid lest the
earth mass as defined by the cracks should
begin to move fast or collapse downwards.
An anticipated area of damage was prelimi-
nary estimated. Inclination of the slope
was about 20°. On the downslope of the
dangerous cracks there are houses of
village people. A large amount of un-
derground water welling out from the
uppermost eracks was flowing down in the
new cracks. It rained. Number of felt
earthquakes was a few hundreds a day.
Under the above-mentioned ecircum-
stances, the writers decided to advise the
officers of the town hall to evacuate the
inhabitants from the dangerous area and
to control the water flowing into the cracks
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from a number of upthrusting small cliffs or growing front of steps
with a sound as if it had begun to shower. Cracks successively opened
in the direction of mass movement without much disturbance. Mulberry
and appletree yards of the upper slope slid down and tilted as a
whole leaving a clean spoon-shaped sear on the mountainside, with a
sound similar to surf heard at the sea shore. A erescent shaped
cliff was formed at the head of the slide (Fig. 5). The moving mass
gradually broke into several blocks, being cut by vertical eracks to
make blocks behind. This first movement continued for several
minutes only. Collapses along the newly formed cliff started at once

& A

AT TR, Vi %
Fig. 6. An aerial view of the landslide at Makiuchi, an hour after its occurrence.
Underground water pouring out from the curved scar at the head of the collapsed
area is dammed up behind the ridge of the rotated mass. Mulberry trees intermingled
with slid earth draw the flowage patterns to wards the front, similar to a big surface
pattern of ropy lava flow. Smaller embayed portion at the top of the cliff collapsed
secondly, about 30 minutes after the sliding down of main mass. Photo. by Mr. Sakurai,
Shinano Mainichi Press, around 15h, 17th September 1966,




Landslides in the Epicentral Areca o) the Matsushivo Farthguake Swarmn 251

sl ®

{ il : - i

Fig. 7. Site of the Makiuchi Landslide viewed from a point about 1,000 m southwest
of the spot before and after the event. Upper photo was taken at 13h30m, and the
lower at 15h30 m, 17th September.
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to make talus cones beneath there. At about 14h40 m a remarkable
collapse took place in the central rim of the cliff (Fig. 6), which caused
a second movement to start appearing as slumping behind and swelling
up in front. The swelled up mass collapsed and flowed downwards.
This continued for about 20 minutes with the velocity of ten to twenty
centimetres per second. Most of the destroyed houses were collapsed
down by the earth flow during this second movement (Fig. 6). The
cross-section of the moved mass is shown in Fig. 8.

Appropriate work of preventing the water pouring into the cracks
was done by the firemen of the town during the night of 16th September
and probably retarded the starting of rapid sliding. This must have
decreased the velocity of moving earth, and would have protected the
inhabitants from the anticipated danger due to dashing water and earth
if it had occurred.

NISHIDAIRA-YAMA

100m

0 100 200 m
1 ]

MAKIUCHI

0 100 200m
L I ]

Fig. 8. Cross-sections of the sites of two landslides at Makiuchi and Nishidaira-
yama. Higher parts of the moved masses show rotational slumps whereas the lower
parts represent flowed masses which bear flowage pattern on their surface (Fig. 6) at
Makiuchi, and rock fall and avalanche at the Nishidaira-yama.
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b) Movement before the main event :

A part of the semicircular crevice which later developed into an
amphitheatre-like curved cliff, had already appeared on the slope in the
night from 14th to 15th September, according to village people. This
means that a slow landslide had already started along the slope, whose
movement itself was not recognized with naked eyes at that time.

* Since the evening of the 16th the vertical component of the diplace-
ment was measured three times by the writers at a road side (Figs. 3,
4 & 5) near the southeastern rim of the anticipated slid area. The
results of these measurements suggest that the movement of the land-
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Fig. 9. Vertical components of displacement and mean velocity of the sliding mass
prior to visible landslide at Makiuchi, observed at a southeastern margin of the
collapsed area.
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slide, at least near the observation point, would be divided into three
stages; the 1st stage of small but increasing acceleration, 2nd stage
of small constant acceleration, and the 8rd one of catastrophe.

The upper curve of Fig. 5 shows time-vertical displacement relation
at the observation point. Solid circle of extreme left is a value estimated
after communication from village people. Vertical and horizontal lines
attached to circles indicate possible range of error. Second circle from
the left is a value measured by the writers. The other two circles
represent values obtained from levelling by the writers.

The lower curve of the same figure shows time-mean velocity relation
derived from the upper curve. Three open circles plotted on the lower
curve lie on a linear line. This fact means the constant acceleration
of observed displacement and the constant resisitance against sliding :

0.10 cm-hour—?*=7.7x10"°em-sec2.

The acceleration in the direction of actual movement, or in the direction
of maximum inclination of the slope is,

7.7X107°/sin 20°=2.0X 107 (cm-sec™?) .

During visible landslide, the mean velocity must have been greater
than that linearly extraporated and would have changed something like
the dotted curve. This means that the resistance against sliding dropped
just before the visible sliding.

If the velocity line is linearly extrapolated into the period before
measurements, it becomes zero in the morning of the 16th. Actually,
however, cracking started in the morning of the 15th, indicating that the
velocity was not zero in the morning of the 16th. This is expressed by
another dotted line on the left. In this first stage, registance against
sliding must have been greater but decreasing.

4. Characteristics in geology of the slid areas

After occurrence of the landslide at Makiuchi, there took place .
several similar surface changes, among which the greater two are listed
in Table I together with that at Makiuchi. Among these, the Kirikubo
landslide showed rotational slump only. The cross-section of the Nishi-
daira-yama landslide is shown in Fig. 8. Beside these, two arcuate
groups of cracks appeared as an initial stage of landslides at the south
of Nishidaira-yama and at a few hundred metres south. of loec. I in
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Fig. 2. No more opening movement of the two groups have been re-
cognized since the appreciable decrease of nearby welling water. A
small mud-flow also started from a mountain slope between Makiuchi
and Nishidaira-yama landslides (S in Fig. 2). This occurred in the
morning of 18th September, the volume of the material concerned being
estimated at about 500 m®.

The mud-flow and the three actual and two suspended landslides
occurred exclusively on the middle and lower skirt of the mountain
region (Fig. 2) where basal rocks are covered with talus debris less than
a few metres in their thickness. The basal rocks at the three localities are
all deeply altered porphyrite or fine-grained diorite*. But at Nishidaira-
yama, a part of the basement rock consists of pebbly mudstone or
sandstone** which lies on the depression of the diorite and is overlain
by thin talus debris. In this mudstone, fresh and nearly horizontal
slicken-sides which seemed to have been formed by the present move-
ment were frequently observed.

No landslide occurred on the slope of alluvial fan deposits even
where they are deposited at the slope (about 20°) just adjacent to the
site of landslide (Fig. 8). Taking the mode of formation of the present
topography into account (Chap. 2), it may be concluded that the alluvial
fan area has been immune from disturbance or that the area is more
stable against gravity force than the above-mentioned mountain slopes.

These differences between the two areas are also reflected on the
association of clay minerals collected from the displaced areas and from
the alluvial fan deposit adjacent to the slid place.

Localities of the three landslides are exclusively situated on the
“‘fissure zones’’ or on their extension: Makiuchi and Kirikubo are on the
southeastward extension of the ¢ fissure zones’ of WNW-ESE direc-
tion and Nishidaira-yama on the WSW-ENE * fissure zone’’ which might
have been opened under the same stress distribution. The mountain skirt
of the same geological condition as that of above-mentioned displaced
areas is extensively developed in the meizoseismal area. But no surface
changes of this type were found on these mountain slopes out of the
¢ figsure zones’’ and their extension. Thus the skirt of the mountain
region composed of deeply weathered basal rocks which were disturbed
to make cracks by the movement of some concealed earthquake faults,
satisfies necessary geologic conditions giving birth to these landslides.

*  Specimens of them are designated as Ne, Nd, Ng, 8, and M in Table II.
**  Specimens Na, Nb, Ne, and Nf (ditto).
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5. Clay minerals

Kinds of constituent clay minerals collected from the displaced areas
are considered to be one of the factors in bringing about a landslide.
Clay minerals play a part of greasy media in sliding. The properties
characteristic to their own erystal structures often make themselves a
main activator of severe landslide in the field of gravity force. Such
examples were described by two of the writers in the cases of the
landslide at the Town of Imaichi® and the earth-flow at Sounzan,
Hakone volcano®. Specimens of clay were collected from various parts of
the collapsed areas as well as from the adjacent stable slope of alluvial

Table III
M H HH Mix Q F Cr T4p>
Mu + + + ++ + + 30.9%
M, + + + ++ + + 8.8
Ml: + + + +4+ ++ + 24.1
Sax ++ + + + ++ + + 15.6
§ Sas + + + + ++ + + 18.0
8 Sb + + + + ++ + + 26.5
g |3 Na +4++  ++ + + + 58.2
815 Nb ++ + * + 7.8
2|8 Ne + ++ o+ + 3.2
”g Nd ++ ++ + ++ 384
3 Ne ++ + + = 14.7
Nf + + E= + 14.5
Ng ++ + ++ + 27.4
g Ou + + ++ 4+ o+ 8.6
= ol + + + ++  ++ 4+ 232
21 ok + ++ o+ + 339
=11 + + + 4+ ++ + 3900
M Montmorillonite, H: Halloysite, HH: Hydrated halloysite,
Mix : Random mixed layer, Q: Quartz, F: Feldsper,
Cr :  Cristobalite

++-+: large amount, +-: medium, +: small quantity, +: trace
% ¢ weight percentage of the finer portion under 74 ¢

8) R. MorimmMoto, J. OssAkA and T. FUKUDA, * Geology of Imaichi District with special
reference to the Earthquake of Dec. 26, 1949 (III)’, Bull. Earthq. Res. Inst., 35 (1957),
859-375, (in English).
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fan (Table II). Their grain size distribution and X-ray analyses data are
shown graphically in Figs. 10 and 11. All specimens are illsorted. Some
of the specimens collected from the site of landslides show a proportion
of the fine part predominance, suggesting advanced weathering.

Results of these observations are summarized in Table III. Mont-
morillonite was found exclusively from the clayey earth of the disturbed
areas, while the mineral was not yet observed in the clay collected
from the young fan deposit adjacent to the slid place.

The physical property of both montmorillonite and hydrated halloy-
site must have given a favourable condition to slipping of the overlying
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Fig. 10. Cumulative curves of the specimens collected from slid areas and alluvial
fan deposits. Localities are shown in Fig. 2.

9) T. KisHINoUYE and J. OssAakaA, ““ Earth-flow on July 26, 1958 at Sounzan, Hakone
Bull. Earthq. Res. Inst., 33 (1955), 1563-161, (in Japanese).
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Fig. 11. X-ray diffraction patterns of the specimens collected from slid areas
and from alluvial fan deposits. Localities are shown in Fig. 2. The lower four below
the line in the centre of the figure are specimens collected from alluvial fan deposits
and the rest above the line from slid areas. Refraction patterns of bulk composition

and those of decantated finer portion (<2pg) are given on the left- and right-hand -

respectively.

M: Montmorillonite, HH: Hydrated halloysite, H: Halloysite, Q: Quartz, F: Feldspar,
and Cr: Cristobalite.
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mass in these slid areas. Formation of montmorillonite is not expected
by means of mere weathering process from the surface, but can only
be possible in a deeper place where alteration advances without sufficient
supply of oxygen!”. This genetic condition of montmorillonite is quite
compatible with the occurrence of the present landslides on the slopes
of deeply weathered basal rooks.

7. Discussion and Conclusion

Causes of landslides are generally complicated, because there are
many conditions favouring landslides. This applies to the present land-
slides. In this case, however, their occurrence is quite restricted in
place and time: They occurred successively within 25 days following
the culminated period of August-September of 1966 in the prolonged
seismic activity, in the area where the crustal deformation was most
intense. This suggests a quite intimate relationship between causes of
the landslides and the earthquakes or resultant crustal movement.

The places where the landslides occurred were selectively in the
lower slope of the mountain region (Fig. 2). The region has been an
area for weathering and erosion and part of the slope is regarded as a
remnant of the original valley wall, the corresponding bottom of which
is now buried under the alluvium. On the contrary, area of alluvial
fan has been the place of deposition. Thus, the slope is originally less
stable for gravity force than the surrounding alluvial fans as indicated
by the difference in their mode of formation.

Although it rained during a few days before the occurrence of Maki-
uchi Landslide, it was quite fine before that of Nishidaira-yama Landslide.
The main factor controlling the ground moisture was not a meteoric
running water but the underground water plentifully welled out from
neighbouring ground surfaces.

The following factors would have decreased the strength of the sur-
face layers and caused the slides in addition to the authigenic instability
of the ground :

10) R. MoriMoTO and J. OSSAKA, “ Low temperature mud-explosion of Mt. Yaké, Prefs.
Nagano-Gifu, central Japan, on 17th June 1962, as an example of endogeneous katamor-
phism of volcanic rock at the destructive stage of the volcano”, Bull. Volcanologique,
27 (1964), 3-4, (in English). J. OssakA and T. 0zawa,, ““ The 1962-ejecta from Mt. Yaké,
Nagano-Gifu'Prefectures, and its mechanism of eruption”, Bull. Volcanological Soc.
Japan, 2nd Series, 11 (1966), 17-29, (in Japanese).
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1. Vibration due to numerous earthquakes (This is a widely pre-
vailing condition in the meizoseismal area.)

2. Rupture formed by the movement of underlying fault (This is
strongly suggested by the fact that the landslide took place exclusively
on the zone of concealed earthquake faulting.)

3. Physieal loosening of soil and rocks by saturation of underground
water supplied through the rupture (The underground water began to
well out a few weeks before the first landslide).

4. Swelling of clay minerals due to sufficient supply of underground
water (This is expected from the characteristic crystal structure of
montmorillonite and hydrated halloysite which had already been formed
in the surface layer of the slid area).

Through the combined effect of these factors, the slope must have
gradually been made ready for sliding. However, it is difficult to point
out what was a direct trigger in bringing about these visible landslides.
No strong earthquakes were registered just before the visible sliding at
Makiuchi and Nishidaira. Movement of the underlying fault had almost
stopped before the landslide, and no remarkable changes were found in
the condition of underground water supply just before the event.

In conclusion, the landslides occurred on the valley wall which has
long been weathered since Late Quaternary where elay minerals favourable
for sliding had already been formed in situ. More direct cause of the
slides would be plentifull supply of the underground water to the slid
mass through the cracks formed by the movement of a buried earthquake
fault.
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