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Fig. 1. Location map of the Aburatsubo and Nokogiriyama Crustal Move-
ment Observatories.
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Fig. 2. Location map of the former and the present tunnels of the Abura-
tsubo Crustal Movement Observatory. .
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Fig. 3. Plan of the former tunnel of the Aubratsubo Crustal Movement
Observatory in about 1960. E/W’ and N’S’: water-tube tiltmeters and fused-
gilica extensometers. 8: NW-SE component of the fused-silica extensometer.
TH: fused-silica extersometers of three components. X: thermometer. O:
Ishimoto’s pendulum.
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Fig. 4. Interior photograph of the former tunnel of the Aburatsubo Crustal
Movement Observatory in about 1975.
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Fig. 5. Outside photograph of Ishimoto’s quartz pendulums.
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Fig. 6. Schematic view of an fused-silica extensometer (P: Prizm, M:

Mirror, F: Fixed mirror, R: Metal roller, C: Connector, S: Silica-tube as a
standard).
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Fig. 7. Approach to the former tunnel of the Aburatsubo Crustal Move-
ment Observatory, in about 1947.

Fig. 8. Approach to the former tunnel of the Aburatsubo Crustal Movement
Observatory, in about March, 1960.
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Fig. 9. Routine data observed at the Aburatsubo Crustal Movement Obser-
vatory. Hatched parts indicate publication of the data.
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Fig. 10. Plan of the former tunnel of the Aburatsubo Crustal Movement
Observatory in about 1947. A, B and C: Silica-tube extensometer, D, E, F,
G, H and I: Fused-silica extensometer, the length is 1m, J: Fused-silica ex-
tensometer of three components, K: Fused-silica extensometer for vertical
component, L and M: Ishimoto’s horizontal pendulum tiltmeter, N and O:
Water-tube tiltmeter, P: superinver-wire extensometer,
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Fig. 11. Interior photograph of the former tunnel of the Aburatsubo
Crustal Movement Observatory in about 1947,
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Table 1. List of the reports about the observational data.
Instruments Authors Remarks
Water-tube tiltmeter | HAGIWARA et al. (1949a, 1951a) in English .

4

”

V4
. . "
IsamoT0’s Holizontal
pendulum tiltmeter
Extensometer
"

”

1 m Extensometer

Vertical type
Extensometer

HAGIWARA et al. (1949)

E. R. 1. Aburatsubo and Nokogiriyama Observatories
(1969, 1971, 1972, 1974, 1975, 1976, 1978, 1980)

Yamapa (1971, 1973)

KASAHARA (1973)

HAGIWARA ef al. (1948, 1951a)
HAGIWARA et al. (1949)

HAGIWARA et al. (1948, 1949a, 1951h)
HAGIWARA et al. (1949)

E. R. 1. ‘Aburatsubo and Nokogiriyama Observatories
(1969, 1971, 1972, 1974, 1975, 1976, 1978, 1980)

HAGIWARA et al. (1949a)
HAGIWARA et al. (1949)
HAGIWARA et al. (1949)

in Japanese

"

"

‘in English

n
in Japanese
in English
in Japanese

”

in English
in Japanese
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; - Fig. 12. Example of the crustal movement data-base in E.R.I. that is
‘the crustal tilt data by the water-tube tiltmeter at the former tunnel of the
Aburatsubo Crustal Movement Observatory for the period from 1949 to 1981. :
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Table 2. Continued

PN NN
010 0 0 00 30 3 N0 0 0
NN NN NN N NN NN

OBSERVATION 0BS. DAYS OBSERVATION COMPONENT 12 MONTH RUNNING MEANS
MONTH N'-S' W'-E° N'-$' W'-E' N'-S' W'-E' N-S W-E OBSERVATION COMPONENT

M) .(/A) oM ) «n o N'-S' W'-E" N-$S E-W

9 (9] [S40) o

JAN 169.1 21.5 31 31 1.395 .443 1.362 .085 1.523 .501 1.490 077
FEB 186.6 16.7 28 28 1.540 .345 1.481 .237 1.551 526 1.519 .062
MAR 180.3 15.5 31 31 1.488 319 1.429 243 1.580 .551 1.551 .048
APR 182.8 12.1 30 30 1.508 .250 1.437 319 1.597 607 1.575 -.001
MAY 194.6 17.6 31 31 1.605 .362 1.545 245 1.605 668 1.592 -.058
JUN 199.2 27.2 30 30 1.643 .560 1.611 .063 1.602 L7314 1.599 -.121
JLY 207.2 37.0 31 31 1.709 .763 1.703 -.113 1.601 792 1.608 -.182
AUG 215.9 43.7 31 31 1.782 . 900 1.792 -.221 1.592 . 848 1.608 -.240
SEP 226.1 47.3 30 30 1.865 974 1.881 -.263 1.584 913 1.611 -.308
ocT 208.2 62.5 31 31 1.718 1.287 1.793 -.627 1.573 979 1.611 ~.378
NOV 186.2 64.2 30 30 1.536 1.321 1.630 -.730 1.554 1.041 1.603 -. 448
DEC 173.3 60.4 31 31 1.429 1.245 1.519 -.694 1.529 1.099 1.588 -.513
JAN 168.3 57.3 31 31 1.389 1.181 1.471 1497 1.157 1.568 ‘-.582
FEB 174.0 49.1 28 28 1.436 1.012 1.489 1.461 1.210 1.543 ~.648
MAR 168.1 53.3 31 31 1.387 1.097 1.457 1.421 1.257 1.513 -.709
APR 166.7 51.0 30 30 1.375 1.050 1.439 1.391 1.272 1.488 -.735
MAY 167.0 53.6 31 31 1.378 1.104 1.450 1.372 1.277 1.472 - T4T
JUN 162.4 60.9 30 30 1.339 1.254 1.437 1.357 1.290 1.459 ~.766
JLY 160.5 1.1 31 31 1.324 1.464 1.456 1.341 1.288 1.444 -.770
AUG 164.7 744 31 31 1.359 1.534 1,499 1.318 1.295 1.424 -.785
SEP 167.8 Th.b 30 30 1.384 1.533 1.522 1.298 1.28¢6 1.403 -.784
ocT 164.3 711 31 31 1.355 1.465 1.48% 1.279 1.279 1.385 -.784
NOV 159.3 67.5 30 30 1.314 1.391 1.435 1.261 1.270 1.367 -.782
DEC 150.1 67.7 31 31 1.238 1.394 1.365 t.252, t.255 1.356 -.770
JAN 145.7 56.4 31 31 1.202 1.162 1.295 1.244 1.230 1.345 -.749
FEB 140.4 53.1 28 28 1.159 1.093 1.245 1.235 1.202 1.333 ~.724
MAR 138.6 48.0 31 31 1.143 .988 1.214 1.226 1.179 1.321 -.705
APR 139.7 46.7 30 30 1.153 .962 1.219 1.213 1.158 1.305 .~.689
MAY 141.4 48.5 31 31 1.167 .998 1.237 1.195 1.142 1.286 -.680
JUN 148.2 52.0 30 30 1.222 1.071 1.300 1.174 1.121 1.264 ~.667
JLy 148.8 56.5 31 31 1.228 1.165 1.320 -.690 1.154 1.119 1.245 -.673
AUG 152.6 58.4 31 31 1.259 1.202 1.355 ~-.716 1.135 1.115 1.226 -.676
SEP 154.9 60.8 30 30 1.278 1.253 1.380 -.759 1.113 1.108 1.204 -.677
ocT 144 .4 59.1 31 31 1.191 1.217 1.294 -.756 1.091 1.100 1.183 ~-.678
NOV 134 .1 58.1 27 30 1.106 1.196 1.212 -.767 1.070 1.092 1.162 ~.678
DEC 119.5 55.5 31 31 .986 1.143 1.092 -.759 1.047 1.078 1.139 -.673
JAN 116.2 55.5 31 31 .959 1.143 1.067 -.770 1.023 1.072 1.116 <.675
FEB 111.8 50.2 29 29 .923 035 1.017 ~.676 1.001 1.077 1.096 ~.688
MAR 106.9 44.2 31 3 .882 910 959 -.568 .975 1.082 1.072 ~.704
APR 108.4 42.1 30 30 .894 <867 964 ~.522 .954 1.092 1.054 ~.721
MAY 110.1 44,0 31 31 .908 907 .984 -.555 .937 1.101 1.040 ~-.736
JUN 116.0 43.8 30 30 .957 .903 1.028 ~.533 .928 1.0%96 1.031 ~.735
JLy 113.6 5§2.5 31 31 937 1.082 1.038 -.717 919 1.090 1.022 -.732
AUG 120.8 61.5 31 31 996 1.267 1.121 ~.878 .909 1.085 1.012 -.731
SEP 116.0 64.0 30 30 957 1.318 1.093 -.943 .900 1.088 1.004 ~-.738
ocT 113.9 64.7 31 31 940 1.334 1.079 -.965 .889 1.097 .996 =.751
NOV 109.5 63.1 30 30 903 1.300 1.040 -.946 .880 1.103 .988 -.75¢9
DEC 106.5 53.0 31 31 .879 1.092 .985 -.750 .869 1.108 .978 -.769
JAN 103.1 51.6 31 31 851 1.062 .955 -.730 .853 1.407 .963 -.774
FEB 97.7 47.5 28 28 806 977 .899 -.664 .835 1.091 945 -
MAR 94.0 46.2 31 31 775 951 867 -.649 .824 1.072 931
APR 92.6 47 .4 30 30 764 976 .861 ~-.478 .811 1.056 917 -.739
MAY 96.9 47.0 31 31 799 .968 .892 -.656 .801 1.034 -904 -.721
JUN 98.9 47.0 30 30 816 .968 .907 -.650 .789 1.023 .891 -.715
JLY 90.9 52.2 31 31 750 1.074° . 863 ~.780 777 1.010 .878 -.706
AUG 95.3 52.1 22 22 .786 1.074 .896 -.766 767 .998 .867 -.699
SEP 98.6 52.5 29 29 .814 1.082 J923 ~.764 .759 .980 -856
ocT 96.1 55.6 31 31 .793 1.145 914 -.834 .753 .954 847
NOV 94 .4 50.5 27 27 779 1.041 .885 -.736 745 .933 836
DEC 89.2 46.7 16 16 736 963 .832 -.675 WT37 .918 827
JAN 85.7 43.5 25 25 707 .896 795 -.620 .735 906 822
FEB 83.1 40.9 27 27 685 842 767 -.574 4 .896 821
MAR 82.0 35.4 31 31 677 730 741 ~.468 736 .887 .820
APR 83.8 32.0 30 30 691 660 JTh4 ~.393 739 874 .821
MAY 86.1 35.0 31 31 711 722 L7701 - k47 739 .868 .820
JUN 87 .4 38.1 30 30 721 .785 L7921 -.506 741 .859 .820
JLy 86.8 45.2 31 31 716 .931 .809 ~.651 LTh2 .857 822 -.568
AUG 95.0 46.3 31 31 784 .953 .875 ~.648 745 .849 . .823 -.560
SEP 100.3 47.5 30 30 827 .979 .920 -.857 749 .846 .827 ~.554
0CT 100.6 47.7 31 31 830 .982 .922 -.659 751 .839 827 -.547
NOV 94.6 47.0 30 30 781 .969 .875 -.664 .755 .826 829 -.533
DEC 91.9 41.5 31 31 758 .854 .836 -.560 760 .810 -831 ~.516
JAN 88.1 42.4 31 31 727 873 810 ~.590 .769 .785 .835 ~.487
FEB 87.2 36.5 28 28 719 .753 .784 -.474 775 LT67 .838 ~. 467
MAR 88.1 33.3 31 31 726 686 .780 -.405 777 .748 .837 =~ 448
APR 86.5 28.1 30 30 714 578 .752 ~-.304 STTT .727 .833 -.427
MAY 91.5 27.7 31 31 L7585 S70 .789 -.280 .780 .700 .832 -.399
JUN 94.7 28.9 30 30 .781 .596 .817 -.296 786 679 834 -.377
JLY 100.3 30.5 31 31 .828 .629 .865 -.311 791 664 .837 -.360
AUG 103.8 35.8 31 31 .856 737 .909 -.407 796 654 .840 ~.348
SEP 103.4 36.5 29 29 .853 752 .908 -.423 798 . 648 . 841 -.341
ocT 99.8 35.0 30 30 .823 722 .875 ~.405 .805 639 <846 -.330
NOV 99.3 31.4 30 30 .820 647 .861 -.332 812 634 .852 =.322
DEC 100.2 29.6 29 29 .826 609 .861 -.292 .821 <625 .858 -.310
JAN 96.2 33.7 31 31 793 694 844 -.388 .825 625 .863 ~-.308
FEB 93.7 30.5 29 29 773 629 .815 -.332 .829 .621 866 -.303
MAR 91.6 29.8 30 30 .756 613 79 -.322 .832 .623 868 -.303
APR 96.2 23.0 30 30 793 473 809 -.170 .837 .629 874 -.308
MAY 102.3 24.7 3 31 844 .508 862 -.18¢% .842 642 881 -:318
JUN 107.2 23.8 30 30 .884 490 896 ~-.152 845 654 .886 -.329
JLy 106.8 30.4 31 31 .881 .625 914 -.288 848 654 888 -.328
AUG 109.8 33.5 31 31 906 691 947 ~.343 853 659 893 ~.331
SEP 106.7 37.3 30 30 880 W769 936 =429 858 660 .8%8 -.331
ocT 107.5 38.8 31 31 887 798 946 ~.456 859 674 902 ~.344
NOV 106.8 38.8 30 30 881 .800 942 -.460 .856 .688 .901 -.359
DEC 104.8 36.5 31 31 864 .752 919 - 419 .852 710 .901 -.381

(to be centinued)
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PBNFOOULN VNANVONUINRO -

PENNV R WHEW NN S EVUs s
WV UWARIEAVOVONHNNND FOANOCWNWHNOWD VTS ND &0 e 00 s O

rvovmo

CanPrOaOavaNaO

JUN VAV S SR NN
NONUWE s VNN

O OO NN WO
VISEUNREVNERUSE VIANFWORPNEIN ARUSAENNVIERRN &5

VIAUWVARNERNERE VIANRWRRRN® S0

VUVIR NN A S BN VT n e b
S ANNAVROODBON O WN O W

OBSERVATION COMPONENT
N'-S' W'-E" N-$S W-E
)y (" M (rmy
.829 701 .878 -.381
.829 .690 -.371
.817 .825 -.311
.810 639 -.328
.800 .678 -.369
. 845 746 -.420
.875 +901 -.562
913 1.056 -.701
<949 1.098 -.729
911 1.094 -.739
.850 1.090 ~.758
.835 .882 -.558
.819 763 .878 =.446
794 .613 .831 -.308
772 .524 797 -.228
.761 .510 .785 -.218
793 . 524 817 -.220
825 639 .865 -.321
. 817 JT4S .874 ~.430
.868 .839 936 -.503
.875 .885 949 -.546
.854 . 875 .928 -.544
.833 769 892 ~.448
. 806 667 .851 -.357
.768 .593 -804 -
734 . 505 759 -
725 396 733 ~.
726 .380 732 -
729 455 JT4T
762 553 793 .
766 694 .818 -.399
.830 .855 .903 -.534
.858 .926 . 940 -.593
823 921 .907 -.601
770 946 .861 ~.646
.733 .906 .821 ~.620
710 754 776
.696 .651 746
.656 598 .701
616 611 .666
.621 . 687 .683
.629 796 .707
643 922 740
701 1.037 .812
704 1.133 .829
.665 1,120 <791
41 1.056 L759
. 638 .946 739
613 .803 .693
.590 . 684 654
580 . 620 634
.550 . 680 .616 4
595 696 660 4
626 772 .700 H
636 -890 .728 ~.6
1658 <964 760 ~.706
653 1.079 773 ~.822
636 1.060 .755 ~.808
629 989 737 ~.741
619 -925 .718 ~.681
599 . 787 .678 ~.553
0 724 672 ~.489
579 698 . 645 ~.473
.583 .682 64T -.456
616 773 692 -.532
638 .803 717 ~.555
<650 1.009 760 -.753
<681 1.056 -796 ~-.788
.700 1.120 .824 ~.844
.687 1.069 .804 -.799
.687 961 787 -.691
651 .888 L7422 -.634
.620 .808 .700 -.565
.588 773 665 ~.543
.606 743 678 -.507
. 601 764 .677 -.530
.612 711 678, -.473
616 775 692 -.535
616 .845 .703 -.604
<615 .903 Ak -.662
646 . 966 749 -.712
.585 1.071 709 -.839
.5279 1.110 664 ~.898
492 1.038 .618 -.841
462 971 580 -.786
438 809 532 -.634
394 793 489 -.638
-389 .814 487 -.658
403 .842 .505 -.681
438 .908 .548 -.733
W79 1.017 .602 -.826
467 1.128 .609 -.939
-490 1.180 .638 -.982
433 1.188 587 -1.011
414 1.064 2549 -.89%6
380 1.065 .518 -.910

12 MONTH RUNNING MEANS
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(to be continued)
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YEAR MONTH

[N NN
0 %0 \0 0 010 0 10 0 0 0 0
00000005 Co (o 02 09 00 03 (0 O

AMaaaaAsiaanaisa
[
c
3

OBSERVATION 0BS. DAYS  OBSERVATION COMPONENT

N'=S' W'~E" N'-S' W'-E' N'-S' W'-E"' N-§ W-E
[ SIS (&) &) &) )
43.9 46.9 4 4 362 966 148 -.81
41.0 41.8 4 4 338 860 .443 -‘gzg
37.2 34.7 5 5 307 715 .396  -.591
33.0 39.1 ‘ 4 272 806 .378  -.694
36,5 35.7 3 3 301 735 394 -.613
44.0 38.3 C 4 4 363 788 L4597 -.642
50.2 39.7 3 3 414 817 L5111 -.652
55.6 45.6 5 5 459 939 .572  -.756
58.0 44.8 4 4 479 922 .587  -.731
53.4 47.1 4 4 440 971 .560 -.794
46.1 46.4 4 4 381 956 .502  ~-.802
42.0 31.0 1 1 347 639 L421 -.501

12 MONTH RUNNING MEANS
OBSERVATION COMPONENT
N'SST WI-E'  N-S

- E~W

(&) 9 (&) (&)

378 943 498 -.789
378 927 495 - 774
377 905 " 490 -.753
377 887 488 -.735
375 878 484 -.727
372 843 476 ~.693

Table 8. Sensitivity and corrected steps in the data épplied to.

Sengitivity Step correction . .
Date W/_E NS WE/ N ‘Remarks
(") ("Ip) {#) (#)
Oct. 7, 1949 | 0.0206 | 0.00825 0.0 0.0 | Observation start
Oct. 1, 1953 + 16.0 Repair of instrument
May 4, 1957 — 34.0 "
Apr. 24, 1961 — 53.0 "
Oct. 13, 1963 + 52.0 | Unkown
 Mar. 28, 1964 + 387.0 | Tsunami of Alaska Earthq.

Jun. 16, 1964 — 85.0 | Niigata Earthq.
Jly. 30, 1964 —299.0 | Repair of instrument
Aug. 12, 1965 +158.0 ” :
Feb. 1, 1966 —99.0]
Jan. 28, 1967 —271.0 Exchange of instrument
Nov. 23, 1967 | —130.0 | Repair of instrument
Dec. b5, 1968 - 110 "
Dec. 13, 1968 o — 10.0 " ‘
Aug. 19, 1969 +514.0 | — 20.0 | Exchange of instrument
Apr. 3, 1970 —500.0 | Reset of instrument
Apr. 24, 1971 4+ 11.0 | Repair of instrument
May 27, 1971 +312.0 ” . S
Mar. 22, 1979 +525.0 0.0 ”
Jly. 4, 1979 +112.0 ”
Oct. 2, 1979 —500.0 Reset of instrument
Feb. 4, 1980 ) —=500.0 " C
Dee. 7, 1981 Observation stop

FBLIFT O RBLIIBL COBRAED FEE D]

WTHF LT Table 1 & LTRT.

S, [HEBEC RS KEEMT OFBREOR T IBRET T — 2 - AL, FDE
BiFR HEET - METOENERL Y 5 —, 1988) Ly BHELL. BRIhL
5 I ABIREFETHD. F—ARBERTCNHAT , T EER D EST, BB
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T E-W g3 k00 NS g o A 2 o@RBIRES thEhie, B L W %
IO N &S orhZhoflo=v 7 ) — M EEHEE0E S OECHAREC X 5EE
WIER T, LA LKEEFTOAE, r HOKOBEZCHTIHERTbhin
ofe. RICEHTHEEBERESOWY 7 — 52T, BYHEOMELFTE -7, 3
LIEH 8K L6 R ZTho 1 7 A4 OBBEED BT E & b, T 20 AFY
DEMFE & > TEDADFFWHMEL LT\ e, BlEIEE B-W & N-S HEofEcd
BRDEAL A CEROBEL T VER L. W& AFHOBRMEY Ry & Rys &
L, K&EMHD W-E (HEBEIE OB TRDBRTWE) RyDBBEHGLE E-W
T DTk 65 £ L, N-S B ORBALE N-S HiL ot far 0y LT5
&,

E-W B4r: —Rpg sin0z+Rys sinby (GE_ 239 1F)
N-S Bisr: Rwg cosfp+Ryg cosby (dLEASH IF)
Einh. 2T 05=9° 64y=68° Thx%.

v oE E T BRI - WEE - SRR A BEINAT (1969, 1971, 1972,
1974, 1975, 1976, 1978, 1980), % XONUM (1971, 1973), KASAHARA (1973) K X -
TRESRTVD. 205 BITEE 5E TOF — 213 LEROREMIE & WWHIEFx
BT % LEEIND D, LOBD DR ORAREXT b Tk,

£ T, WRUKEBEALE O 1949~1981 MK FHIREH D7 — # % Table 2 1% &
V5. 7T ZOFER, ThE TR URILSIRFT (M1, 1983b) X HHE - FREEn
At (B - IR, 1985) LMi—L7cb DL T 5. ZObRELMYHIERE DB
feblel. EREHOFIRIE (pm) 2 HERME (1) CHET B RN (RE) LR
ALICAT o 7BIEDWTE Table 8 K 5.

EFo Table 2 OfERO 5> W-E & N-8' figr s, chol2r AOBHFH L
FEEY Fig. 13 & LORLE. R LEAVCERR12 7 BoBETHE L -k
DTHL. SLWFHH IR E-W & N-S gigrick b Fig. 14 10~<7 b ARELTR
3. Fig. 13 © W-B/ gty 0 1961~1967 E1chid Tk & e Zfbnih v, A Fig. 14
BLTHZOBNRETHD LBbRD, D2 LD WTHKECKS N CHET .

7. HESAFORAT— 4 LMhEE L OHE

MEBAIRT & SEILBEFT O K EEMABAIOWTIL, Ex B TFhbhTnd. =20
FT, IUE (1973), KASAHARA (1973, 1979) |\XFBIMITT O S BEMII T 51960~
19704 1o\,

(a) SFILBRPFIOF — 2% 2521,

(b) BN 196141 A%, SEILRATX 196041 AxEALT 2.

(¢) SEILBLHPTEES 27° L, 5K #ELT,
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Fig. 13. Secular tilting variations at the former tunnel of the Aburatsubo
Crustal Movement Observatory.
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Fig. 14. Temporal variations in ground tilting vectors at the former
tunnel of the Aburatsubo Crustal Movement Observatory.
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Fig. 15. Comparison between the W/-E/ component of tilt observed and
leveling results (after FuJjita and Kaizu, 1985).
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Crustal Movemént Obsermtions a't’ the Aburatsubo Observatory
—Observations at the Former Tumnel for the Period
' from 1949 to 1981— "

Tatsutoshi TAKAHASHI and Michio YANAGISAWA

Earthquake Research Institute

The purpose of the present study-is to clarify the contents of the data cbtained at
the former tunnel of the Aburatsubo Crustal Movement Observatory from Oetober 7, 1949
till December 7, 1981. Routine observations at the tunnel were carried out by using water-
tube tiltmeters (10 and 25-meter lengths, two components), fused-silica extensometers (8,
10'and 25-meter lengths, three components) and ISHIMOTO’S horizontal pendulums. The
observatlon by the IsHIMOTO’s pendulums and by fused-silica extensometers terminated at
December 81, 1978 and at April 25, 1979, respectively.

" The provisional observations were also carried out by using short length extensome-
ters, vertical extensometer, bore-hole tiltmeters and gravimeters in the tunnel. In addi-
tion to these, distance measurements ' and gravimetric surveys around the observatory
were performed. Most of the observational results have not been published yet.

As an example of observational results, the secular tilt variations using water-tube
tiltmeters are shown, and a comparlson with levellng survey results 1nd1cates well coin-
CIdence




