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SURVEYS FOR SURFACE RUPTURES AND A
HIGH ACCELERATION AREA OF THE WESTERN
NAGANO PREFECTURE EARTHQUAKE OF
SEPTEMBER 14, 1984

By Akio Kuroiso, Kiyoshi Ito, Yoshihisa l1o,
Yasuhiro UMEDA and lkuei MURAMATU

Synopsis

Surface ruptures and a high acceleration area were revealed from the survey at the source
region of the Western Nagano Prefecture Earthquake of September 14, 1984 (35°49.3'N, 137°
33.67E, H=2 km, M=6.8, JMA).

Cracks on paved roads and on ridge crests were developed within 10 km in length and 2 km
in width from Yanagase to north of Matsukoshi, trending N70°E which is consistent with the
strike of one nodal plane of the main shock as well as with the trend of the aftershock area. Since
each of the cracks is believed to be tectonic in nature, the rupture region can show the im-
bedded earthquake fault, though the systematic displacement was not found on the surface.

More than 80 of boulders and fallen-trees on horizontal ground overturned off or thrown
off out of their sockets were found near the epicenter of the main shock. The ground velocity
calculated from the displacement of the boulder is about 200 cmy/s, therefore, the ground accele-
ration is as high as 4~13 g at the assumed wave frequency of 2~10 Hz. We ascertained such
a high acceleration by a simple experiment, using accelerometers and small stones. Additional
evidence of the high acceleration was found; size segregation was observed for the boulders in
the cracks. The size segregation must be caused by the high acceleration. However, houses
in the Otaki Village were not severely damaged by the main shock. This is probably attributed
to the high frequency (about 10 Hz) and the short duration time of the high-acceleration seismic
waves.

The high acceleration area was clearly defined by detailed field surveys for the dislodged
boulders and fallen trees. Most of them were found on the ridge crests but some in the valley.
Boulders were shot out in the area of 1 km by 2 km and they were only shifted off in the area
of 2 km by 4 km. Although the areas are much smaller than the aftershock area, the trend of
the areas is consistent with that of the one nodal plane as well as the trend of the rupture region.
The results of the field surveys must be important for the analysis of the detailed source processes
of the main shock.
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Fig. 1 High acceleration arca derived from dis-
lodged boulders and fallen-trees.  In the
arca cnclosed by a solid line, the accele-
ration is extremely higher than 1 g beca-
use boulders and fallen trees were thrown
out from the ground, and in the arca Fig. 2
enclosed by a broken line, the accelerati- N
on is equal to or greater than 1 ¢ because
they were slightly tossed up or shifted off.
The shaded arcas (C, F and !) indica-
te the places where the phenomena were
notably concentrated.

Plane view (A) and cross scction (B) of
the boulder in Photo. 1.

Photo. 2 Example of a hall burried fallen-tree

Photo. 1 Example of boulder No. 7 in Fig. 3 bounced out from its former scat

thrown ofl its socket
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Fig. 3 Distribution of dislodged boulders on the
ridge saddle arround I area in Fig. 1.
Boulders indicated by solid lines were
thrown off from their sockets indicated
by broken lines in the direction of arrows.
Hatched boulders were overturned off
and others were not overturned. Hatched
boulders with no arrow were turned over
at the places where they were. Boulders
with no arrow indicated only by a solid
line were not moved as they were almost
hidden in the ground.
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Table I Ground displacement, velocity and acceleration calculated from the displacement
of the boulder in Fig. 2 for some frequencies of the ground motion

f(Hz) 2 5 8 10
A (m) 0.26 0.051 0.041 0.031
Aw (m/s) 3.2 1.6 2.1 2.0
Aw (m/s?) 41 51 103 123
kine Horizontal(N30y)
A0 T

~10 + t t t J
2 4 6 8 10(sec)
Fig. 4 Velocity seismogram of holizontal component (N30°W) for the aftershock of

October 3, 1984 (M =35.3) recorded at Makio-dam. The shock occurred nearly
right below the observation site.

km LIA) OHETH 5085, TR LK 10Hz & L5Hz OFEBMBEBL TS Z Edsbh b, X5,
197U Y ¥ 7 2 v 3 v FHIESO, 19764 X ) iR E LUI19T94E 4 ¥ <) 7 RBHEOOBRET
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Ut &g, MBI 325~196 cm/s, BRI 4.2~12.5¢ &S ASIIEICIS B0
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BB XICRE Lo REEHE, BIREFA7F—TIIEELEbOEI<RED LTHIE L. #AL
7o dtie, TEAC #HBUQEBAS07T 2 He~12kHz OEHBEET 100mV/e DBELED, 2 g &
THEFRETH 5. MEEHOHNRBR YRV 3 -4 —T2=2 - UREBOHET — 71l L. Witk
REPASZOREZAEDED, B, K&K, WORLAMEZERA L. T4, £hFHIEO0VT, ¥
RERROMITY v 2 VEBSBAS TR b Ulco BIERBEHEGR, WALWALTRLTH [ Hz »h
BHz $TITI T EMNTE.
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NIRRT £ LOBSE - Tole ChRBRICERT 2 HRICIRESHIER L, BALALHE
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2o ZOPI%E Fig. 6 iICRT. CORRBEDP LAY v F L bOTHEORTERLBH oD LTV,
Zhitc OREOTEER LoMILF0ET, TTIKAT <Y, HEEOBEETEDLLTOLLDT, S
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Fig. 5 Record of acceleration and velocity ob-
tained from a simple experiment in which
a stone was thrown off from a boad with
vertical and holizontal accelerometers in
order to check the actual high accelera- Fig. 6 Sketch of the crack in which size segre-
tion of the ground motion gation was observed for the boulders
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EHEERHL, 11H 8 H, BRARTOENI SOTEERT»7o HETHLIRNTELDK, A T7HA
E8IYHARATTTEBEISLOBEBHZINE U, BRI, ObitEFBEABLUH EREORKRE
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1
A Mt Ontake

137°30'E

Kurosawa

Fig. 7 Index map for the surveyed area. Solid lines show the surveyed routes.
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Fig. 8 An example of the concentrated features of cracks on a surveyed road.
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—7, ZOHBOURLERRRTH2BEREZEENERNSY 3PP THICEN D, WDHOER
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o KOBIZT R 7 7 v MEEE EOBMETRT. NPEOBERO FIKEARL TV AHNERIEEAES
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100~300 kg DG, FEAETTHILOTDP ST D LB RRBAEOEH ETREL L - TV X5,
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o, 2R VIFEHTRBEICDIT I 5720 UEDRED S, TO—HOMEREETHIEEILN
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Fig.9 i3, ERO LI BRHERTH - ilBRREEN S LB (BHE8 1) 74 00) BIUEH
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HOABBEBHBZETIL THERDL, LOXSITHEZRT, ¥/, B0EMIBEH LOBEI S
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A Mt Ontake

° ;

Fig. 9 Distribution of landslides and cracks which are believed to be the tectonic in
nature. Solid circles indicates the catastrophic landslides and solid rectangles
show the concentrated places of cracks on ridges and roads. The stippled belt
indicates the cataclysmal line derived from the distribution of landslides and
cracks. The solid line shows the area in which the cracks were remarkably
concentrated.
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Fig. 10 Map showing th the cataclysmal line in Fig. 9, high acceleration area in
Fig. 1 and aftershock area enclosed by thin broken line (after Nagoya
Univ., Sep. 14~Oct. 31, 1985). Stars are the epicenters of the main
shock and two large aftershocks. It is noted that the aftershock area is
not agreed with the cataclysmal line and high acceleration area.
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