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Abstract

The authors have repeated Geodimeter surveys in the Matsushiro
and its adjacent areas since October, 1965. The present paper deals
mainly with the surveys after 1966, as the data for the earlier period
were reported in the previous three papers.

The base-lines of Sorobeku, Nishiterao and Zozan changed their
length for —6.4, —1.8 and +3.2cm, respectively, during the period
November, 1966—March, 1968. These changes agree, in the sense,
with those noticed after the climax of ground deformations in October
of 1966. We may therefore conclude that the base-line lengths, which
once effected great changes (Sorobeku: +116cm, Nishiterao: +72
em, Zozan: —22cm), have recovered their deformation for about
ten percent of the respective peak value.

Surveys on the Wakaho, Nakano, and Omachi networks are reported
together with the preliminary data obtained from the newly constructed
Akashina and Sakaki networks.

1. Introduction

The authors have been carrying out Geodimeter surveys in the north-
ern part of Nagano Prefecture since October, 1965, as part of the ERI’s
expeditions for the Matsushiro swarm earthquakes. As reported in the
previous three papers” ?'®, they repeated the surveys in Matsushiro
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Fig. 1. Base-line networks constructed in the northern part
of Nagano Prefecture.

eleven times during the period October, 1965 to November, 1966 and
successfully discovered notable evidence for accumulation of horizontal
strains there. Following these surveys they conducted four more surveys
in the same area during the period of 1967-1968 (March), in order to
observe strain events in the phase of decaying seismic activity since
November of 1966. The supplementary networks at Wakaho, Nakano
and Omachi were also resurveyed one or two times in the same period.

Since the earlier period of expeditions, the scientists concerned
feared development of the seismic activity into the adjacent areas.
Taking new data of micro-earthquake observations and of precise levelings
into consideration ®, the Akashina and Sakaki networks were added to
watch strain accumulation in the western and southern parts of the
Matsushiro area, respectively. Fig. 1 illustrates the location of these
networks.

4) The Party for Seismographic Observation of Matsushiro Earthquakes and the
Seismometrical Section, ‘“Matsushiro Earthquakes Observed with a Temporary Seismographic
Network. Part 4,”” Bull. Earthq. Res. Inst., 45 (1967), 837-917.

5) 1. TSUBOKAWA, et al., ‘‘Levelling Resurvey Associated with the Area of Matsushiro
Earthquake Swarms. (2),”” Bull. Earthq. Res. Inst., 46 (1968), 417-429.
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2. Field work

2.1. Replacement of Geodimeters.

The authors introduced a Geodimeter, model 6, into their field work
in early summer of 1967, which enabled them to survey in the daytime
by use of a mercury lamp unit. Replacement of the previous Geodimeter
(model 4) by the new one has been done after careful tests in an ex-
perimental field®. In the previous papers the authors have reduced
the measured distances for atmospheric conditions but not for the in-
strumental constants of their Geodimeter and reflectors. This simplified
reduction was permitted because they always operated the same set of
instruments and were interested in changes of base-line lengths rather
than their absolute values.

For successful replacement of the instruments, therefore, all the
base-line lengths published in the previous tables have been reduced
for the constants of the older set and are reproduced in Tables 1(a)-(d)
of the present paper. The authors have not effected the altitude re-
duction that is necessary for standard geodetic work, so that the dis-
tances (D) given in the following tables represent the base-line lengths
measured in the three-dimensional space.

2.2. Repetition of surveys.

Matsushiro network. Surveys were repeated four times on the base-
lines of Sorobeku, Nishiterao and Zozan as follows.
Survey XII  March 21-22, 1967,
Survey XIII August 2, 1967,
Survey XIV  September 1, 1967,
Survey XV March 3, 1968.
The surveys XII and XIV were done by use of the Geodimeter model
4, whereas the XIII and XV surveys were made by the new instrument.
As discussed above, the field readings were corrected for the atmospheric
conditions as well as for the instrumental constants and are listed as D
in Table 1(a). 4D in the same table denotes the change in D counted
from the first survey’s data.
The authors previously noted that the sense of ground deformations

6) K. KASAHARA, A. OkaDA, M. SHIBANO, K. SASAKI, S. MATSUMOTO and M. HIRAI,
““Observation of Horizontal Strain Accumulation by Electro-Optical Means. 2nd Report,”
Bull. Earthq. Res. Inst., 46 (1968), 741-758.
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Table 1(a). Matsushiro Network
Base Line ' Zozan i Nishi-terao Sorobeku

No. Date | D 1 4D ‘ D 4D D 4D
m mm mm| m mm mm m mm mm
I Oct. 6-7, 1965! 2381.536 (4) 0 | 3153.635 (+6) 0 | 3062.041 (+ 5) 0
I Nov. 156 5624 (+4) |— 12 .643(x£9) |+ 8 063(x= 9) |+ 22
M | Dec. 9 559 (£7) |+ 23 674 (x4) |+ 39 124 (= 3) |4+ 83
v | Mar. 2, 1966 ,631(+3) |— b .661(x3) |+ 26 .150 (£ 3) |+ 109
Vv Apr. 12-13 494 (+£2) |— 42 187 (+£8) |[+102 262 (% 3) |+ 211
VI | Apr. 18 491 (+1) |— 45 734 (+4) |+ 99 283 (£ 2) |+ 242
VI | May 5-6 .478(£2) |— 58 L796 (£2) [+161 .362(+ 3) |+ 321
Vi | July 3 458 (+4) |— 78 .920 (=4) [+285 501 (% 2) |+ 460

IX | Sep. 6-7 869 (£3) |—167 | 3154.132(x1) |+497
7-8 .364(+0) |—172 924 (+ T7) |+ 883
8-9 .350(+£2) |—186
X Oct. 13-14 324 (1) (—212 .351(£2) |4+716 | 3063.189 (= 2) |+1148
XI | Nov. 12 817 (£2) [—219 337 (+£3) [+702 .142(+ 3) |+1101
XII | Mar, 21-22, 1967 .835(+2) |—201 .303(£2) |+668 .136 (= 3) |+1095
XIII | Aug. 2 354 (+2) |—182 .322(+2) |+687 .082(+ 2) 141041
XIV | Sep. 1 .326 (£2) |—210 .255(+2) {4620 .103 (£ 3) |+1062
XV 'Mal‘. 3, 1968} 347 (x£1) |(—189 .323(+2) |+688 077 (£ 2) |4+1036
Table 1(b). Wakaho Network
Base Line f Shimowada , Ohashi ’ Nuruyu

No. Date ‘ D | | D \ 4D } D 4D
m mm mm m mm mm m mm mm

I May 8, 1966| 3293.831(+3) 0 | 1890.628 (+£2) 0 | 2027.182(£3) 0

s Jul. 5-6 .780(x6) |— 51 625(+2) | — 3 — —
m 30-31 829 (+4) |— 2 622 (£38) — 6 165 (+3) —17
IV | Nov. 4 .646 (+2) |(—185 .601 (£2) —-27 .150 (+=3) —32
Vv Mar. 24, 1967 682 (1) [(—149 .604 (£2) —-24 175 (%3) -7
VI | Mar. 2, 1968 J726 (1) (—105 .605(x1) —23 .201 (+1) +19

has been reversed in October-November of 1966, just after the third

climax of the swarm activity”.

As a result of the reversal, strains

accumulated in the three base-lines until the climax period had been
recovered for about several percent of the peak value in the next one
month. This recovering deformation has been developed a little more
in these seventeen months as proved by the contraction of Sorobeku

7) loc. cit., 8).
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(—6.4 cm) and Nishiterao (—1.3 em) as well as by the extension of Zozan
(+3.2cm) after November, 1966.

Wakaho metwork. The authors resurveyed the Wakaho network on
March 24, 1967 and on March 2, 1963 (see Table 1(b)). Base-lines changed
their lengths 8-10 cm during this period, which exceeded the supposed
errors of observation. There was no evidence of active and monotonous
accumulation of horizontal strains, so far as the present data are con-
cerned. Mode of strain accumulation seemed more complicated here
than in Matsushiro, as proved by the 4D of the respective base-lines
changing rather randomly in time. (Fig. 5(a))

Nakano network. Surveys were repeated two times on the Nakano
network (Table 1(c)). The detected strains are much smaller here than
those in the former two areas, being almost comparable to the supposed
observational errors. (Fig. 5(b))

Omachi network. The authors added one survey on this network,
five months after the previous one. They observed no large strains
along the Shimizuzawa base-line. AD for the other two base-lines are a
little larger than the observational errors, in this period, suggesting a
need for reexamination by further surveys. (Fig. b(c))

Table 1{c). Nakano Network

Base Line 1 " Okura Imai Sakurazawa
No. Date ) D | 4D D 4D D 4D
1 | Mar. 4 19661717 d22(x 2| 0| 2156669 (x4) | 0 |3684.111(x4) | 0
o | Apr.13 L A07(x 2 | —15 681(£8) | +12 087(x1) | —24
m | Oct. 16 883(+ 2) | —89 680(«2) | 411 054(£2) | —57
v | Mar.25, 1967 = .412(+ 1) | —10 644(=1) | —25 118(+4) |+ 2
v |Oct. 3 A18(+ 1) | — 4 683(+2) | +14 109(=1) | — 2

Table 1(d). Omachi Network

Base Line Shimizuzawa Kashimaohashi Taira
No. Date D i 4D D 4D D 4D
I | Nov. 6-8, 1964 4353.645(«2) | 0 |5109.521(xd) | 0 |4226.790(x3) | 0
O | Oct. 9-10,1966  .591(+3) | —54 485 (+4) | —36 790 (£8) 0
I | Mar.19, 1967  .605(+4) | —40 525(+1) | 4+ 4 831 (1) | +41
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2.3. Newly constructed networks.

Akashina metwork. As briefly discussed in the introduction to the
present paper, possibilities of spatial development of the seismic activity
were often pointed out by the expedition party, as anomalous land uplift
and micro-earthquake activities were discovered in the adjacent areas.
A Dbase-line network was constructed in July, 1967, in the Akashina
area where these anomalous events had been noticed since early spring
of 1967.

The network is very similar to others in its structures, having three
base-lines arranged in the fan-shape (Fig. 2(a)). Table 2(a) gives their
initial lengths as well as the changes, 4D, which ocecurred in these

2l

Fig. 2(a). Structure of the Akashina base-line network.

Table 2(a). Akashina Network

Base Line Kozeri Nakamura l Kitahotaka
No. | Date D 4D [ D ] 4D D 4D
m mim mim m mm mm m mm mm
1 Jul. 30, 1967| 2431.772 (+2) 0| 4181.411(%3) 0 | 3555.802(+4) 0
I Feb. 29, 1968 .795 (+3) +23 .395 (+2) —16 .823(£2) +21
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Fig. 2(b). Structure of the Sakaki base-line network.

Table 2(b). Sakaki Network

Base Line 1 Jizaiyama Amikake ’ ~ Minamijo
No. Date | D | 4D D | 4D | D 4D
m mim mm m mim mm m mm mm
I | Aug. 1, 1967 3146.279 (+2) 0 — — | 3224.813 (+2) 0
I | Mar. 4, 1968 283(x1) | + 4] 2922.979(+1) .826 (1) | +13

eight months. Briefly speaking, the authors have not found out definite
evidence of active strain accumulation in the present area. The data
seem to indicate the east-west extension and the north-south contraction,
although their magnitude is almost comparable to observational errors.
(Fig. 6(a)).

Sakaki network. Another network was constructed in the Sakaki
area in order to examine the possibility of southwestward spreading of
the swarm area. Fig. 2(b) illustrates arrangement of the network,
whereas the data are given in Table 2(b). No evidence of active strain
accumulation is obtained so far as the present data are concerned. Fur-
ther repetition of the surveys will provide us with more definite con-
clusions on our questions. (Fig. 6(b))
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Fig. 3. Accumulation of horizontal strains (Matsushiro).
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Fig. 4. Principal axes of horizontal strains computed for various periods of the repeated
surveys (Matsushiro). Figures in the upper and lower groups illustrate partial and cumulative
features, respectively.
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2.4. Mode of strain accumulation.

Linear strains along the respective base-lines are computed from the
observational data and are illustrated in the following figures. The
principal axes of strains are also computed for the Matsushiro network
and are displayed in Fig. 4, together with the previous data.
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Fig. 5(a). Accumulation of horizontal strains (Wakaho).

1966
MAR.  APR. MAY JUN. UL, AUG. SER  oCT.

0

H 1964 lses 1966 1967
i war wv pec| 1 BEP _OCT_WOV. DEC.| JAK. FEB. MAR.

ol

MR ]
SAKURAZARA o
-nl

Fig. 5(b). Accumulation of horizontal Fig. 5(e). Accumulation of horizontal
strains (Nakano). strains (Omachi).

1967 968
Jue. avo_ser. oct wov. oec.| Jaw. fen

1967 1968
JUL._AUG, SEP  OCT. NOV. DEC.| M. FEB. Man.
o

L]

10; H 6
& KITAHOTAA H

NAKAMURA 9

3,

ISR —

TIZATAMA”

oo

-]
-0l

b

Fig. 6(a). Accumulation of horizontal Fig. 6(b). Accumulation of horizontal
strains (Akashina). strains (Sakaki).

3. Conclusions and acknowledgement

The authors repeated Geodimeter surveys in the Matsushiro and its
adjacent areas for the purpose of observing horizontal strains associated
with the swarm activity. From the recent surveys, which were con-
ducted during the period November, 1966—March, 1968, the following
conclusions may be derived.

1) Strain accumulation in the Matsushiro area reversed its sense in
autumn of 1966, just after reaching its maximum value. Since then,
the deformations of the reversed sense have continued there, reducing
their time rate quickly. As a result of these adjustments, about ten
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percent of the previously accumulated strains has been recovered up to
the present time. The recovering mode of the ground deformations has
been recognized by levelings, too, harmonizing well with the decaying
seismic activity in the same locality.

2) Strains have not been accumulated so much in the other five
networks. So far as the present data are concerned, there is no strong
evidence for active and monotonous accumulation of the earth’s strain
in either of the localities. In some of them, however, strain accumu-
lation at a much lower rate may exist, which will be studied more
definitely by further repetition of surveys.

The authors sincerely thank the members of the Matsushiro Branch
of Nagano City Office, the Health Section of Nakano City Office, the
General Affairs Section of Toyono Town Office, the Mountain Museum
of Omachi City Office, the Akashina Town Office, as well as the Sakaki
Water-Works Branch of Nagano Prefectural Office for their kind coop-
eration given in the above-mentioned field work. The authors are also
grateful to Messrs. Masakazu Ohtake, Masaru Kobayashi and Kaname
Sakai of the Hokushin Observatory of Micro-Earthquakes and Crustal
Deformations for their helpful assistance during the surveys.
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