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Fig. 1. Route map of levelling lines.

Hollow circle: GSI 1st order bench marks.
Black circle: GSI and ERI 2nd order bench marks.
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Fig. 2. Periods of respective surveys in the closed routes (A) and (B), and
numbers of felt earthquakes (sum of every 10 days).
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Fig. 3. Change of heights of bench marks along the route of 1st order levelling
from Nakano-City to Aoki-Village (BM. No. 3643 in the upper figure and BM. No.
3643, 3680 in the lower are assumed to be fixed respectively).

Upper: Long interval before 1965. 12.
Lower: Short interval after 1965. 12.
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Table 1. Results of relevellings along the routes,
Suzaka (upper) and Wakaho (lower).

\ I I III v
Ziigz:\\\\iiii‘\\f3ﬁfi 12??5~« 4.2 | 7,2~8,2 | 10,1~10,24 | 11,30~12, 6
5018 | &4 b2 m m m m
+12.4567 +12.4567 +12.4576 +12.4588
M +22.2442 +22.2466 +22.2477 +22.2478
N +48.9647 +48.9666 +48.9718 +48.9706
O |H A +51.0532 +51.0514 +51.0570 +51.0642
F +28.8200 +28.8215 +28.8250 +28.8220
o +41.9732 +41.9738 +41.9765 +41.9629
§ " " +88.8704 +88.8714 +88.8740 +88.8720
5026 | 3= v ‘
+ 0.8038 + 0.8064 + 0.8120 + 0.8099
" +16.4512 +16.4542 +16.4688 +16.4695
! +55.9280 +55.9272 +55.9558 +55.9572
T = B +48.6832 +48.6647 +48.6682 +48.6708
K +61.1256 +61.1063 +61.0768 +61.0786
L | F
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Table 2. Results of relevellings along
the closed route (A).
II ; I v v VI VII | VIII
| 1966
10,27~ \ 12, 5~ | 3, 9~ | 4,156~ | 7, 4~ | 9,20~ [11,20~
11, 3 12,12 3,220 4,26 7,16 9,20 12, 2
3661 | B %
3660 m m m m m m m m
2650 — 2.0006— 1.9989— 2.0062|— 2.003 |—2.0079—2.0008 —2.0023|—2.0111
5
3658 | 7 - + 1.6329]+ 1.6301|-+ 1.6292/+ 1.628 |41.6309 -+1.6366 +1.6342+1.6386
se57 " |+ 3.3809/+ 3.3841/+ 3.3800/+ 3.379 |+3.3819+3.3936 +3.3889’+3.3898
5656 — 2.4193— 2.4210— 2.4194|— 2.420 |—2.4189|—2.4229 —2.4186'—2.4184
. 4+ 1.4020+ 1.4027|+ 1.4022+ 1.403 |+1.3992
F | FREEE
— 4.9777|— 4.9787|— 4.9765— 4.980 —3.8434/—3.8282 —3.8301
17 —5.2575
" — 0.2906(— 0.2912/— 0.2895— 0.281
5 | & — 1.2852/— 1.2856— 1.2826 — 1.281 |—1.2789 —1.2774/—1.2657|—1.2668
33}
— 1.6958/— 1.6964/— 1.6042— 1.690 |—1.6842—1.9530
14 —2.7004/—2.7036
— 1.0964/— 1.0971|— 1.0967|— 1.093 |—1.0894/—0.8138
BB F B
» + 0.4464/+ 0.4478+ 0.4515/+ 0.458 |-+0.4636,+0.4731|-+-0.4869 404892
0 g al 0.5105|— 0.5100— 0.5079— 0.509 |—0.4937|—0.4816|—0.4005/—0.4028
¥N
, + 3.7179+ 3.7194+ 3.7177|+ 3.711 |+3.7058 +3.6858-+3.5402/+3.5235
. — 2.6361|— 2.6398|— 2.6447— 2.648 |—2.6614|—2.6689|—2.6869|—2.6836
+ 0.2545/+ 0.2533 4+ 0.2547+ 0.250 |+0.2416--0.2328
5 +1.8129/+1.8131
o | - + 1.6308+ 1.6307|+ 1.6302+ 1.629 |+1.6231/--1.6002
=
s + 4.3678+ 4.3677‘—5- 4.3666|-+ 4.363 |+4.3591|44.3454/+4.3515/+4.3554
— 2.9564/— 2.9533 — 2.9532/— 2.955 |—2.9557|—2.9533
2 +0.3592
+ 3.3054/+ 3.3041/+ 3.3069+ 3.302 +3.2979|4-0.0880
1 +3.0424
— 0.2700/— 0.2693— 0.2667|— 0.263 —0.2503 —0.2524
3661 £
7| &
. +-26.6607|--26.6612 +26.6614’+26.6612
+29.1832(+29.1864!4-29.1872 +29. 1859
o |BfRILE |
o opr
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Fig. 8. Time variation of the

along the closed route (A).
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Fig. 9. Upper: Amount of ground tilting (A) area (by Prof. Sato’s block

movent method)
Lower: Integration of the released seismic energy (by Seismometrical

Section of ERI).

OREA 1965 42 10 B AR LTS 11 B Ui T 7. TRy X h&&
FFAMRBMATC 2 % 50k f5 (BM. Nos. 8and 9) ##%7E, Ef (BM. No. 3661)~F£E
A BT (BM. No. 3656) [ 0—& K HEE1A 6 TR 25 km DR EERGBRATER S h
TW5, #E LIRS Table 1z, X 196545 10 A7 1 B0 EHE JL O I E 2 JEue

& Ule K8 S o ZE Tk Fig. 7 woR3580 Th 5. B AR5 2.0 mmay/Skm




ATESEERT & 70 5 KHEIE (55 1 37)

DOFIEXEA L, BECAKESHORIEECES LTh5.

Fig. 7 1% BM. No. 3661 X v EFE/R#ERHIRY — 3 2K HOLETEA R TL DT,
BM. No. 3661 #@je LTHALTHS. Zhick s &iR4RI7 BM. No. 11 [ff3fic s
WCEROTHEA R T Z NP TH S, Kkx OB TR LA O 4235 5 T
DRI HEETONRCEGET S X 59 icBbh s, BEOIT LRI &
D ETHYEBEm OWETHS. ThEBHCRS & 1966 4 EE5EERE) 4 Ak
AETOPHEf LE4H GE6REIE) TAXY 10 § % coPaEIERAT
Wa, Thebb EARN4 BUMEEHCHIL, 4 B8 2FEHNE D 8~9 Ao 3iEHT
CALHOEARL, 8AFEI W SERIMCAZHEMTBWTEBITMELTWAZ

Fig. 10. Locations of the closed routes (A) and (B).
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Table 3(a). Results of relevelling surveys

I I v A\
7, 2~ 8, 1~ 8, 3~ 8,17~
7,11 8, 2 8, 4 8,22
5033 b/ 1% m m m m m
B - 4 + 1.7171 | + 1.7570 } + 1.7509 | + 1.7382 | -+ 1.7731
c 4+-24.7762 | +24.7876 | +24.7892 | +24.7879 | +24.7946
b " " +70.9952 | +70.9933 | +71.0066 | -+71.0187 | 4-71.0295
" —14.3288 | —14.3714 | —14.3791 | —14.3756 | —14.3964
E S
P —40.9077 | —40.9214 | —40.9240 | —40.9233 | —40.9354
G —23.7991 | —23.8067 | —23.7999 | —23.7972 | —23.8197
—18.4529 | —18.4384 | —18.4437 | —18.4487 | —18.4457
5033 7 1%
— 5.9876 | — 5.9825 —_ — —_—
11
B Py %
— 6.9045 | — 6.9321 —— —_ — 6.9452
A moo’]
5033 N 1%
g +24.3865 | +24.3664 —_— —_— —_—
. +29.1964 | +29.1852 —_— _ —
9 o RE B OAT
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A ET5EEK km DAO—HOBREO EA#EOE(LTEHPAE L LTR- T
Wh 2 LB, WEEBRHONECKTARIME, ERCHALBE T b EARK NN
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HREET) & OXBA R Lo 1966 4E 10 A~11 A FTADOMIC LR TRELTWAC & &l
BREDHOLMRD & ORFRIEE IhS.
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along route (B) around Mt. Minakami.

VI VII VIII X X XI XII XIII
9, 7~ 9,21~ 10, 4~ 10,27~ 11, 1~ 11,17~ 12, 3 12,19~

9,13 9,22 10, 5 10,30 11, 2 11,18 12, 4 12,20

m m m m m m m m
+ 1.9881) + 2.0497 | + 2.0399 | + 2.0136 | + 2.0121 | + 2.0024 | + 2.0006 | + 1.9953
+24.8882) +24.9312 | +-24.9116 | +24.8852 | +24.8815 | +24.8682 | +-24.8643 | +24.8577
+70.9904| +70.9570 | +70.9537 | 4+70.9578 | +70.9550 | +70.9450 | +70.9569 | +70.9598
—14.4834| —14.5223 | —14.5065 | —14.4709 | —14.4674 | —14.4567 | —14.4605 | —14.4458
—41.0115| —41.0327 | —41.0392 | —41.0428 | —41.0402 | —41.0315 | —41.0270 | —41.0305
—23.8917) —23.9087 | —23.9089 | —23.9004 | —23.9009 | —23.8938 | —23.8989 | —23.8963
—18.4801] —18.4742 | —18.4506 | —18.4425 | —18.4401 | —18.4336 | —18.4354 | —18.4402
— 5.9241) — 5.9201 — — 5.9150 —_— — — —

— 7.0734] — 7.0948 | — 7.0884 | — 7.0696 — — — —

+24.3790, +24.3656 | +24.3555 | +24.3562 — +-24.3519 — —
+29.2153' +29.2006 | +29.1862 & +29.1908 —_— ~+29.1889 — —
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Fig. 11. Change of heights of bench marks around Mt. Minakami (route “ B *’)
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Fig. 12, Changes of heights of respective bench marks along Mt. Minakami
route and those of bench marks on the fracture zone.
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Fig. 14. Contour lines showing the amount of integrated upheaval since Oct. 1965
in cm.
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(continued)
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Table 3(b). Results of relevellings near
fracture zone.

I I 11 v v
1966
9, 7~ 9,16 9,21~ 9,2710, 4~10, 810,29~10,3011,19~11,20
Sz | W [ m | m m m m
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T-1
4 0.7364 | + 0.7437 | + 0.7427 | + 0.7450 4+ 0.7458
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—23.9149 | —23.9060 | —23.8934 | —23.8779 | —293.8695
Nk
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-2
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Iw 5 R
EEINTTIE B,

(5) EBEMZA L& T HENF P2 — NI 5 &R0 0 B iR bl 25
T, REMxFOLE L, X IR 10~20 km ORIC 2~3 Donde h KE o b —
7 R OB ARFANCERD bR T 5,
6. i 3
KHERNENT X 5 Ho OBE A BRAN D TERE T DL KOG a8, JISE
F LB O, BX O EBEEL T BRI R B I A s
7o, KEEGSOBRE DD, LEOIEE, FITHES ISR ER O F 41 s
il ot
PN ELIHT O TE RSB E 2 U7 25 W R AT 4 RIRE M ALBdE 211 U
£V B OF 4 DEFFL T,
B OEECE LT, REFBBAETEY, REFRLAMENESRHBI, F EAES




RBEEE & b7 5 KN (5 1 ) | 287

AT, ERRTAY, ASCHET, BENTES X O sitEERC it ok,
FEE R OB R L ORI S » LB T, b FigErbobib L.
AERORA ERBRRIERESNTHIN L > TTbhik,
IR L CHEREOMEEET S,

3 Bk

(1) BIOEREOPITE (1) PR 44 (1966), p. 307-445.

(2) JEFEARE—1965 4F 8 B LI BIFILIARETHIE O ARE— B 41 4£1 8, Hx
BEREGEH, RFHUHSSE.

(3) A E —HREFsE F24)—(0966 42173 12 H—6 A 30 ), WM 4 F£74, K
FERGES, RITHWHS4E.

(4) BIHOE, “BREMITOKIESIN, EPHRR 20 (1942), p. 237-239.

(5) loc. cit. (1) p. 424.

(6) rhif—I - EREEE, “BFhiEc s L#x bhaRRoimEhis”, 1966449 527 B
SO TGS

(7) BRWEFEOPSE (1) Eied 4 (1966), p. 335-350.

14. Levelling Resurvey Associated with the Area of
Matsushiro Earthquake Swarms. (1).

By Ietsune TSUBOKAWA, Atusi OKADA, Hirokazu TAJIMA,
Ichiro MURATA, Ko NAGASAWA, Sadakatu IzuTUYA
and Yutaka ITo,

Earthquake Research Institute.

After the earthquake swarms began in Aug. 1965 in the area of Matsushiro, North-
eastern part of Nagano Prefecture, the Earthquake Research Institute and the Geographical
Survey Institute repeated the first order levellings frequently along the routes in and
near the region.

Shortly after the beginning of the earthquake swarms, the Earthquake Research
Institute established the new route through the Matsushiro Town. Both ends of this
route were connected to the bench marks of the national first order levelling route
running on the highway apart from the Matsushiro town by about 6km. This route
and a part of the national route form a closed route and the surveys were repeated
several times in the period from Oct. 1965 to Dec. 1966.

In April 1966 the Institute further established the new bench marks around Mt.
Minakami located in the eastern part of Matsushiro, because the epicenters of the earth-
quake swarms were concentrated around there. Along this route surveys were repeated
most frequently. From the results of the surveys some interesting features were found:

(1) Apparently conspicuous crustal movement has taken place in the north-eastern

area of Matsushiro Town. This movement, especially the ground upheaval, is
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supposed to relate to the earthquake activities.

(2) The maximum uplifted area is near the north-eastern foot of Mt. Minakami,
the amount of upheaval reaching 80-90 cm.

(3) The upheaved areas roughly coincide with the epicentral areas of the earthquake
swarms.

(4) Some deformations, however, are also found in the far outside of the areas. It
is uncertain whether these deformations have any relation to the mechanism of
the earthquake swarms or not.




