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Fig. 2. Isoseismal map of Nagaoka Earthquake
Feb. 2nd, 1961 (after Niigata Meteorological
observatory).
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Fig. 5. Geological map (after Niigata Prefecture) and levelling
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Table 1. Results of the Levelling Survey

BM. No. } Loc. 1955% 1958* 1961
m m EZ 3
3755 | Miyamoto | 41,9811 & 41,0207 | 41,9297
3756 | 33,6551 | 33,5089 | 33,5996
3757 | Sekihara 29,0200 | 28,9672 | 28,9607
3758 37,3920 | 37,3253 | 37,3102
3759 | Kita 22,3154 | 22,2347 | 22,2744
3760 23,0264 | 22,9502 | 22,9316
J 3761 | Nagaoka 21,4049 | 21,3281 @ 21,3152
6766 — 20,5048 | 20,4912

* GSI ORFEL b ¢ 1958 DEEEE R LIKE
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Table 2. Change Heights of Bench Marks along the route from Nakadori
(BM. No. 3749) to Nagaoka (D\I No. U. 3761).

BM. No.: Loc. 1927.7- 1894 1930- 1927 7 1955- 1930‘1958 1955 . 1961 1958 Remark

mm mm mm mm mm’

3749  Nakadéri 0.0 0.0 | 0.0 | 0.0  Assum.

3750 +23.4  +43 | —¥ | - 36

3751 +49 | +53 =% — 34

3752 - -101 | +40 o —* | —27

3753 | +07 | +60 | —* i —64

3754 | 465 | +30  +75 | —04

3755  Miyamoto — 3.8 | = 2.1 | —59 1 + 2.2 . 0.0%

3756 © —54  +£32 , —03 ]| -26 +0.7

3757  Sekihara  + 6.2 | +22.9 | +6.6 | —9.1 ~-6.5

3758 | +94 . +25.8 | +6.6 | -13.1 151

3759 | Kita —28 | -1z | —x | -21.1  +39.7

3760 | -25.6 = - 3.1 —x | —22.6 = —18.7
J.3761 :Nagaoka . -19.5 | - 1.5 ~  —* | —23.2  -12.9

6766 | : : . _13.6
* 1955 fpizgk#n.  ** BM. No. 3755=Fix.
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Fig. 7. Vertical displacement of Bench Marks along the route from
Kasiwazaki City to Nagaoka City.
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18. Land Deformation accompanying with
Nagaoka Earthquake, Feb. 2nd, 1961.

By Atusi OKADA,
Earthquake Research Institute.

(1) A local, but severe earthquake occurred near Nagaoka City, Niigata Prefec-
ture, on February 2nd, 1961. Its epicentral area was in the western part of Nagaoka
City, being not very far from the area stricken by the Sekihara Earthquake of 1927.
Figs. 2 and 3 show the epicenter and isoseismal lines of the earthquake (after JMA,
Niigata Meteorological Observatory). According to the JMA, the epicenter was located
at 37° 27’ N and 138° 49’ E, and the depth of the origin about 10km. The magnitude
of the earthquake was 5.0. (Gutenberg—Richter)

Damage was sustained in a small area within about 2—4 km radius in the vicinity
of the epicenter. As the stricken district was deeply covered with snow, any topographical
change such as earthquake fault and fracture in the ground could not be found there
at that time. In order to determine the crustal movement, if any, of the epicentral
area, the writer carried out in May, 1961, a Ist order precise levelling resurvey along
the route in the area. (Fig. 3)

This report presents the results of the levelling resurvey and shows the vertical
change of the ground in the past sixty years by comparing the resuits with old data
given by the GSI. It refers to the active folds mentioned before as being revealed in
-the level change along the route from Nagaoka to Kasiwazaki.

(2) According to Prof. H. Kawasumi and others, who inspected the stricken area
immediatly after the earthquake, the earthquake shocks were felt in an area only about
50 km in radius, in Niigata Prefecture and mainly in the Quaternary terrane near the
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it Fig. 8. Fractures, location showed in Fig. 4
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Fig. 9. Fractures, location showed in Fig. 4
(Photo by Mr. Koguro).
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shore of the Japan Sea, and they were not felt in the eastern mountainous area bounded
by the Tertiary zone. Thus the isoseismal lines described ellipsoidal form with the
major axis in a NE-SW direction. In spite of the relative narrowness of the affected
area, the earthquake near its epicenter was 5—6 in intensity, the sudden attenuation of
the isoseismal distribution being perphaps due to the shallow depth of the earthquake
origin as is usual in most cases of the inland destructive earthquakes of Japan. Inten-
sity distribution in the epicentral area is shown in Fig. 3. About two months after the
earthquake, when the ground of the stricken area had been completely exposed to view
after the thaw, we found many fractures in the ground as in Fig. 4 and Figs. 8—11.
On Highway No. 8, between Kita-town and Mitugoya-town, the general strike of the
fractures was N 60°—70° E, in Kosybji-town it was about N 0°—10° W. Some of these
fractures were attended by small cones and spouts formed of sand and mud, just like
mud volcanoes. These cones and spouts showed that they had been formed by spouting
of mud and sand with the water from underground water layers about 5-20 meters
beneath, at the time of the earthquake.

(3) The route along which the writer carried out the levelling resurvey in May
14th—21th, is about 14 km distance from Nagaoka to Miyamoto (BM. No. 3755—6766).
The levelling of this route was carried out at six previous times by GSI that is in
1894, 1927.7, 1927.11, 1930, 1955, and 1958. Fig. 6 shows the vertical displacement of
the bench marks during successive time intervals the BM. No. 3749 being assumed to
be fixed. Of the remarkable features shown in the diagrams, the following may be
mentioned.

1) The vertical change in height of the bench marks along the route from No. 3749 to
No. 6766 during the period 1958—1955, shows a general subsidence to the east. The
BM. No. 3759 shows a little extra depression (8—9 mm) than other bench marks.

2) In the period in which the present earthquake occurred, the general subsidence
was still going on, but remarkable uplift took place at the BM. No. 3759, possibly
in conversion with the earthquake.

3) The BM. No. 3759 is closest in distance to the presumed epicenter, and the upheav-

ed area is considered to be about 2—3km in radius.

Vertical displacement of the bench marks from Kasiwazaki to Nagaoka is shown
in Fig. 7. The curves in the figure are drawn using the survey in 1894 as a compar-
ative base and the BM. No. 3742 as fixed. It is remarkable that the displacement took

place in the same way and with an undulation of almost constant wave length in the
successive periods.




