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Total 5.0L TECENTS 5. kX5 &T BB
C. Hokushin; soft...... Tertiary tuff. RS OHEZEII N N B To I fHfl 3%
Flg. 18 BEFB. < 0 I ORE, SNt

DI LD DB L TE i, HEEROZELL O, MY, S8 MK, &L,
WFREETH B, ThOORTHELPHIIZ L » TELAIRS, SAVIZESRE
FAAKEEMEIBIT 3R 0 ¥y 7 r ofEE 2 Shusw, (%8 3.C, 8122
) 1B 1EIOFERMEL T 5 BERT-HETEENLETH S, SNEOH R, HoHESR
REFMZRIC L - TERE O B2, HHEEHOMIEE & OB F 7L @yEc X - T
EDAWNFEE LRI L DL DD, UTHREOHEHITOWCET OB AL v &R
5. FEHOWMFEOB TG, S, #ALe &0 & U CHEEFmPEgeEm Lt o 188
Frchadh, Th OB M ohics — 225 [l3 20N LIE LIZET S, +C

Table 1. 1. Constants of the water-tube tiltmeters at the four stations.

Name of Pgsition_of Commencement G :
observation Location Component | Length { Sensitivity ° s;rvitlon o feolog}cal
station entignce observation ormation
¢= 35 09'N .
=22 N81' W 10m 0.02 "/p Mar. 2,1948 |Sandston
Aburatsubo ’;{;139 B;Ir:‘E N22°E 25 0.008"/p 10 m '
#= 35"10'E N 3°E 25 0.008"/n
Nokogiriyama| A=139°50'E S87°E " " 20 Jan. 1,1959 | Tuff
H= 23m
¢= 33°50'N N48:U 23.35 | 0.0086"/p Sept. 1,1949
Matsuyams :;{:132‘4;')3 N42'E 24.35 | 0.0082"/p 10 (Mar. 1,1959)|Shale
= m
$= 36 32'N NS 40 0.005"/n
Matsushiro *=138"12'E EV 200 Oct. 7,1965 Shale ar'xd
e sdom " " Porphyrite
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—————— Water-tube Tiltmeter -0 Horizontal pendulum
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—— Silica-tube extensometer x Thermometer

ABURATSUBO.

TSUKUBA. MATSUYAMA.
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o 80m

Fig. 1.9. Schematic plan of the vaults and their instrumentation.
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TH L LR AR O R EHM BT 25t 0B &, L9 Ricikihag, $Els
R CDARFMOTG IR Sh A5, A, R &0 A BERT B oFRNK %R LTk
Wi,
a. BEHS
sl 25 BTN R W TR O MRS TR & L, HHCiRic B+ 55
HORAERE ., lEEOBE LB OF S 50~60m DL = AliFEEnsd o, 4R
IWERRPTXYERE, BFY 1km BT A ot & A H S, BIZTHRNB2, HENFOE
FIAZT) (8£3.3 K, 473.5 MEM) 225 & WTFRLHEEH TGRS (E'W 2 I1%
ATWS) TP OENEFCH Db T3 00bn 5, 20N 0%ESE 1190 pffge
ZXAuE, a3 1 mo kst A\t
N’S’ (N22°E) BTk S/ Fhiz 0.04”
E'W" (N81°W) @4 Tix E'Fhic 0.54”
ZHOGHRKS T S64°ETFT iz 0.567
Eied, THIEFNET) (5HFH 8 B ORI D AEE) & Fiucxtiing ik
T OFEE L MBI B DT, BAIETIEG Y — S OB AT MIET 2% E L
THEIELh T ITH D, 72 AMOERINZER) A kb iz ik

N’ S’1&4y S'Th 0. 04"
E'W'R sy E“Fh 0.51”
TRT D& S64°EFH 0.53”

I8 D, —JF CHA THREIZ T 7t » 22 A ARICEHE T BiRl s cik
S51I°ETFH  0.54”

=AY BTN O3 O TR T ik s iR Tk
S59°ETFH  0.67"

Pl hodd L ENna - EaE bR Tuv b, M a0 MEic it 5 Bt 28 ki
L4dm 2RO, FhIfE7e 5 Bl OB 0 A2 0.7" Ll lhicg+ 5z Lot %,
A BOHEMFRC R 2 EEREHOETR L ENTERTHETH D, - CHHDOHESR
EHORFITOE TP ORBTH S LT - THBE TiT/e. L L, BIWIRRITSER
DRIBG TH D DO TLOHEOBREDRIERESTH S, KEGRIENIEI 1B % -84

Table 1.2. Tidal constants at Aburatsubo.

Partial tide H(cm) i K (deg) period (hr)
K 1 22.9 | 1801 23.9345
01 7.9 | 1526 25.8193
M 2 3.2 160.9 12.4206
S 2 16.7 ‘ 181.8 12.0000

(FEFHA: WYL B)
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b D, X XICEROMERIEYED & & LR, FINREZEE OMBic X hEDT
HHE, WPRED 1°C SR LEHRZRX

N’/S’(N22°E) B4 CixS Foiz 0. 06”
THDH., T OEBREINELY —ERFE ATl THIEME LTHE> T 7o, 1955410
B AR R TR Licicd, HEG20.008"2 b D BIEIZE > T 5.

3 50 & ODRERIZYA DR 71 OEMWZE LT Ml 5 BIRIET OROEEOLELTH
5. PP —IRC A B DEWEREETH DD, AR LEL TREMMTRE DR
AL bR b, TORCKEDRENS HE S U LoBa I REERCEE T 5REN
Hohbhd, FRECKEOKEZI cm BECEE 5 X SHECERLTH 206450
L AR 5B S,

SRR b — SR S A FIH Lo L 0 TH 54, MFEOBRICELERORE
RRE—Z e 5 X 5 R KT L, B e —E@307e { T5 el Er AR RPEEC L
fo. F 05 b—FHERICIIMAREER L A LGRS OZEDFE X 72,

XC, 3 - SR ELIAT OREZ LA/ N & K T H D O OB D TH B,
=5 Lt LT EOBRE—ERENNETE S THA I 2. L OBRREFOBEIL
WO TH D, Iek, B BEHS LUHAHORAIS LIKTRLTE W,

Ihanc B 548 B AN 8 B OHLPHEEE O A T 020/ o RN 8 HEE 3.3 X (51
H) CRLTHD, 1955 E TO—LHRO & EXEROREZILN6°CT, 2 Ak
I, 8 HICEEREIZI- TWhW5, O Lo IINEIR DL & L FRETH 5.
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{ ABURATSUBO)
1956 '58 '60 '62 '64 ‘66 'e8
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°Cc
17,
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Fig. 1.10. Secular changes of temperature (Aburatsubo). Upper: the rcom (solid
lines) and the rock surface (broken lines) temperature in the vault. Lower: atmospheric
temperature at the adjacent weather stations (solid line: Kengasaki, broken line:

‘Tateyama). after Annual Report of Climatological Stations Meteorological Observations
for 1956, 1957,......... etc.

SHPHC T - T B0 ZL A 1 (1965-1968) (NOKOGIRIYAMA)
10E RS 2 21255, FHUTLTRE °o°c JFMAMJIJIASOND
BES (NS pnin S Lo A0 16.0;
), BRI W ORRTE N 11—
MEF OB ORI, T &20cm) % 15.5
HobT. RTEATFHOEHTH S 16.01 :
9 A LMD 3 A OEZHEs XOET S —'—11 el
BEOTL A TH D, HirhiE et 15.5

TIHREZ OV E { fe 721961 16.07

ELREE Ly AERI0F & 4 A B ] ‘
foote., SRS T DO EITX DR wﬁ:::h:Ll_____rii:

OFEMITFTFITIZY, © 2°C 115 Fig. 1.11. Monthly mean values of tempera-
Tohs, DBl xiziziz Lavd bl ture in the observational vault averaged for the
Rl (IE—5EfiT 5 50.6°C 107k period 1865—1968. (Nokogiriyama).
L ETHEERXEL TS, WPREOZHEDTIINIINEE s £ ARETH Y, ToidiE
- MR TH B, :

1960 - 1962 FEORXMDEEEZ LI, RRLHOL OB D, JUIBER LRSI
1960 ERFNZRENR 6N DDTHBA, THHIDOWTIIHESETHRNSE Licd 3,

el
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E O TR 76 & iU OETHRRNET Th 2. MBRZIER, BHEIEETE
ORI LTW 5, RIS, BEtR—in—RE R 5 505, W
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LT ORI N,S,E 0 3 »FIcBZBE L THD. (HLIK) Thbitl-T
HIIE R DL EEZEE130.3~0.4°C TH B 745, 0.1°C OFEIKTEE DIREERT TlIFA e
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DABE(SNTHATHOT (N) MEEZL2 D e RR O AE. EREGIEHED
T BT < & $0.1° COIRAEE 0L T 2R H 5. HiN OFFGREIER
FE DAESESH (451, I0RIfEI) i —F LT 5.

BRI O LI L, 0.1° C OEZE LW AT iR Ha bR T
T B, & BICHID PRI ORI 5 NEA S 5. HEPIIER OFIPIEEIC I
CRIEERIE 2 BORRBIZ AT » T, 1 BEABIYGE GEIFNE) ofhfRo
WEske L (T), fx EWRSH OB, EHHECEWCNE (A, VTR LIRS
R) B LTH B, %4 OBRE OB — 3 AZREHNRFT THY, HRER
BENCEEATH B, BEEF OREETIGIKETI BE (=1.8mm) 28 0.006°C, Zriiad
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Fig. 1.12. Annual temperature changes in the vault at Nokogiriyama
(Sites A and T are shown in Fig. 1.9). /data by Tsubokawa et al.)
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(NOKOGIRIYAMA)
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Fig. 1.13. Daily temperature changes in the vault (Sites A and T are
shown in Fig.1.9). (data by Tsubokawa et al.)
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£ BYLEEER (5 X107 cm?/sec)

A BEZToRM (°C)

T:RFEM (14£=3.15%X10" sec.)

a : JBEAR
BRERC JE, SEBOHFHEOFEETEAL L TRE20-25°C TH D, LG
LA DOEREZE(A0.1°C &3l ©/4A=1/200L 70 5, WEERBERITE LT, L&
O fEE (1.8) AT &,

h=1/(2.2%x10%)

®/A=e™* L b _ _
P logi, (A/O) = log, (A/®) X 10° (1.9)
logyeh 2

(1.9) Rick\T, ©/4A=1/200 OEH 2=11.5m #1825,

¢ [EZE

e 219 S ETALAMERNC RIETIHEBIL DLW TEREIT i - 21939 FE DL D h TF,
EonThik LTw5, A—E oK FRTFEM 2RO 8 » AN 13 TR
FEZALORBEEN AT o, TOFBRENF100m LiEih T o, KEZE{T
X AERIEEL AL ERR > T3, HANCHEYRIETL ORKEBEOZE(LTH
3, BEBORNMNIMBIHEC R E 3 LT 5,
SEMEZMACIREAROSESMR L VKD B ON—FHMHETH D, K& & <
B B2 SEEREE A R TEER AT [ FEA LE LUEAV bR, FERRMY 1k
F D1 O FRNZEF-Te. Bifi% V (m/sec.), KEBE% G (mmHg/111km)
L+5E G=0.4640.109V THHH IR B,

Z 2 CHIkmi R DL TH 5.

bRbIAHEERT S & 2 AT, SERTFHIZ B4 T 940~1040mb OFIF AT L,
ChEBLDC EIRE T, ELHNEEORRE LT EORELKERELET
ZBEELRETD 5. FBESEET 2 KRBERCEROKEZ LI 30~40mb T, ¥
R ZITED T LD ETRIE2 HETH S, FL URIIBILIT BT 555 L KREOH
BiZ R L7 b D THBA, 1mb HH OFHEZET0.0027TH 3. EAI B [ XEEN
T & SR AOWI LT TEH T 50, Hgi FEimtdk s L, AR0eF
v & LCHE, P, ERBO=20pdRoBa1icoub T, MHE S X OUKFEH A OZEAL
OFBEE Tl ote, FOHEE, BEARMITOWTIRE 1,15 Mo Tthd bbihs. @
ERET, @PHER, ORERBOBREFAOBATH S, FHlIET BT 52460
T, BROPLIZENT1ITHDEL, HENIBROERL L & LIS DRL bOFE
B R LT3, LI ARR O O—Fl & LTI9665ED 4 BBRIEILILEHE L
CHDEEDORTZROEEREZFTG Y » o & & DWEIGR & IEHEAOMHIME & 2 s L
L DTH D, FIEPHFEC R TERANRERET LV E LT IO EYTH B 2 LR
TELS, ZOHEOBROERIPLL DAEETE p=Pe ™ (P, iihiitsF 25



22

NOKOGIRIYAMA

1030}

Ej020}
Q
j -
3
"
"]
8

o o0}
e
S
L
T
Q.
v
o

§ 1000}
L=

990}

) 0.025" 0050 G075 oiod

SNs

Fig. 1.14. Relation between atmospheric pressure and tilting of NS-com-
ponent at Nokogiriyama. )
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Fig. 1.15. Ground uplift versus radial distance in theoretical typhoon
models. @: cylinder model. @: cone model. ®: normal distribution

model. (after

Y. Hasegawa et al.)
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Po mb. TYPHOON 6604.
June 28, 1966. 09: 00
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Fig. 1.16. Observed pressure distribution in a typhoon (thick line)
which is approximated by an error function curve (thin line).
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Fig. 1.17. Model to explain rain fall Fig.1.18. A schematic representation
effect on strain and tilting., (after K. about ground deformations and their obser-
Iida et al.) vations. (after T. Tanaka)
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Transducer B.

Transducer A.

Fig.2.1. Principle of an ultrasonic water-tube tiltmeter.
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Fig. 2.2. Block diagram of an ultrasonic water-tube tiltmeter. (Nokogirigama type)
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Fig. 2.3. Sound velocity versus water temperature.
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Fig.2.4. Cross-sectional view of a senser. (Nokogirivama type) X: piezo-electric
element, L: lead wire, D: dial for vertical adjustment, G: glass window, W: water-
tube, A: air shunt.
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Fig. 2. 5 Comparison of an ultrdsomc water-tube t)ltmeter
(right) with a manual reading water-tube tiltmeter (left).
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Fig. 2.6. Cross-sectional view of a senser. (Hokushin-type)
T: transmitter, R: receiver, C: sealing, M: mercury,
I: hole for pipette, D: drainage cock, G: glass window,
A: air shunt, W: water-tube.
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Table 2.2. Densities, velocities and characteristic impedances
of various materials. (after Rikanenpyo)

Velocities Qharacteristic
Materials Density Longi impedance
ongi- Shear

tudinal Long. Shear

kg/ms3 m/s m/s kg/m?2s
Brass(70-30) 8.6 4,700 2,100 40.6 18.3
Iron 7.86 5,950 3,240 46.4 25.3
Ebonite 1.2 2,500 —_— 3.0 —
Plexiglas 1.2 2,680 1,320 3.2 1.58
Water (15°C) 1.0 1,466 _ 1.46 —_—
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DH—RETH B2, FEOWETIHFECHA LATEAWSZ L% 0T, WX -
Table 2.3 Reflection (r) and transmission (#) coefficients at an

inner boundary. Suffixes p and i denotes the pressure am-
plitude and intensity of sound, respectively.

Medium 7p tp i t;
Water — iron 0.94 1.94
0.88 0.12
Iron — water -0.94 0.061
Water — plexiglas 0.36 1.37
0.13 0.87
Plexiglas — water -0.36 0.64

FEFHTOWTH - TE L HIEFITH 5. r> LT, K&k RKEFvFeonsa
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Fig. 2.7. Normal incidence of sound waves to a water-steel
boundary (a). Pressure amplitude increases as the wave goes
from water into steel as shown in (b). Wave that is transmitted
from steel into water is considerably reduced (c). (after J.R.
Frederick)
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6,=sin! (¢;/c;) (2.14)
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(2;cos 6;+2,cc80,)?
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Fig. 2.8. Amplitude of the reflected sound signal at (a) plexiglas-steel and (b)
water-steel interfaces. L longitudinal wave, T transverse wave. (after Krautkrdmer)
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Fig. 2.9. Path of the sound signal that is
designed for the Fujigawa-type senser.

p%zﬁffr
§a
0,=42°
0:2 600

i

pc

b

0(=60°
6:=23°05'
W7 DEEHIC, KE (IR T24E Uik
o> TREHED = F L F —11F%

=R+ A +—4

1% 42°, =FF 4 +rDEX 17.9
mm, #DEX%® 8mm LT
(2.13) iz X » THB BB EZ RD
5L 2.9 MOfERPBE RS,
Bt 40 E A 8 5 RS
RBTH D, LOfFL 34.6 p-
sec. Th 5. FHEICIHET 2R
e, vvZ 737V PR
% 70 p-sec., 15kHz \ZiL\,
RIHBCRBIT 5 BFEO B %
WE L Th5, 8 29T
ZIE D pc B 2.2F L bR,

c.

Zh# (2.15), (2.16) =fRAT
HEROEEES.
= 3.0
=953 {1’4=O.722
£,=0.190
=25.37
=1.47 {1’,;=0. 665
t,;=0. 64—0

LitoTLES Z Lixbe . #E

IR D AW THE X 5 MBI X Aol il b



38

(A

B 210 KIXAEROMEEZR LD TH S, RBIABRHUEL LTERT DO
DTH D0 b, ERELFT T, FROHITZAE 3.5 mm. 4% 120 mm DF4
FOEREIAHIMRTH 5. ML 3RDR UAEE 7t » TRAAWTW T, FR oI
X oTA, REORRORELZRHETC 23 TE 5, EEZETIINE 30mm T=Hr
A4 POBITEMATWS, FEOKEICH-THA Y 2 v « KBV TSR EY DL -
TeFART, AR EHIEERHPBEKREDH » 7V VIR LT 570D, DTHB,
EEHETOEE - WELIGER, FEHEKROBRELYMLZ 5L, YVIFEELEL M EES
TedDF PRI 60dB OWiMAMETH D, DL 5T LTH T HRICER O &4
FE oML 25dB (18 f%) TH o1,
Pk 2 FTik SN Mk 15dB # BiE L L, iy aEh T, Liofhdsy
LBk h—mkEs SN HEIHEL, HHHABRCECTORETSH 7. Th
X o TRUMZECIET 2582 E 2 WA LG, Ik, ORI X - T
THHWET 2 X 5B L, ZOEREBERET L.

%
Brass—

Steel—

Hamatite

Ebonite-

17

Piezo electric
element

Fig. 2.10. Cross-sectional view of the Fujigawa-type senser
(for basic experiment).
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Fig. 2.11. Circuit diagram of the sing-around circuit. (a) feedback generator.

transistor: TR3, TR4, astable multivibrator, TR6, TR7, monostable multivibrator,
TRS. differentiator, TR9, pulse generator, TR1, inverter, TR4, TR5, buffer.
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Fig. 2.12. Circuit diagram of the sing-around circuit. (b) narrow band ampli-
fier. CR1, CR2, compressor, L1, C4, L3, C6, trap (1 MHz), L2, C5, L4, C8, filter
(200 kHz).
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Fig. 2.13. Time chart of the sing-around circuit.
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Fig. 2.14. Oscillogram display of the sing-around signal. Scale
the abscissae is 10 p-sec/div. and ordinates is 0.5 volt/div.
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Fig. 2.15. Transmitting circuit.
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Fig. 2.16. Block diagram of an ultrasonic water-tube tiltmeter (Fujigawa-type).
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Fig. 2.17. Data processing circuit.
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Fig. 2.18, Symbol, description and operatiori of the logic elements
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Fig. 2.19. Records of the ultrasonic water-tube tiltmeters as compared with the
data from the manual reading water-tube tiltmeters (test at Nokogiriyama).
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Table 2.4. Comparison of two types of water-tube tiltmetrs at Nokogiriyama. M and D
denotes manual reading and degital recording, respectively.

Time | NS EW
1968 l M D M-D | (M—-Dy? M D M-D | (M—D)?
Apr. 12 23h Op 0 4 0 x| O 0p 0 0 g 0
13 0 3 0.2 2.8 7.84 —2 | — 34 1.4 1.96
1 3 0.4 2.6 6.76 —4 | —73 3.3 10.89
2 3 —0.1 3.1 9.61 -8 | —11.3 3.3 10.89
3 3 0.2 2.8 7.84 —11 | —-13.9 2.9 8.41
4 5 0.6 4.4 19.36 —-13 | —14.7 1.7 2.89
5 3 0.6 2.4 5.76 —11 | —14.6 3.6 12.96
6 4 0.7 3.3 10.89 —9 | —12.0 3.0 9.00
7 3 1.1 1.9 3.61 -6 | — 8.9 2.9 8.41
8 4 1.3 2.7 7.29 —3 | — 4.7 1.7 2.89
9 4 1.6 2.4 5.76 2 | —1.0 3.0 9.00
10 4 2.0 2.0 4.00 3 | —04 3.4 11.56
11 4 2.2 1.8 3.24 4 | — 0.0 4.0 16.00
> 32.2 91.96 34.2 104.86
Av. £=2.477 7=2.631
12 4 2.3 1.7 2.89 3 | — 0.7 3.7 13.69
13 4 1.7 2.3 5.29 —2 | — 44| 2.4 5.76
14 4 1.2 2.8 7.84 -7 | — 8.1 1.1 1.21
15 4 1.0 3.0 9.00 -9 | —11.8 2.8 7.84
16 4 1.1 2.9 8.41 —-12 | —14.9 2.9 8.41
17 4 0.9 3.1 9.61 —-13 | —16.8 3.8 14.44
18 4 0.8 3.2 10.24 -12 | =149 2.9 8.41
19 5 0.9 4.1 16.81 -9 | -11.7 2.7 7.29
20 4 1.3| 2.7 7.29 -6 | —89] 2.9 8.41
21 3 1.3 1.7 2.89 ' 1 | —5.8 6.8 46.24
22 4 1.2 2.8 7.84 -1 | —-4.1 3.1 9.61
23 6 1.7 4.3 18.49 0 |— 3.0 3.0 9.00
0 4 1.4 2.6 6.76 4 | — 4.4 8.4 70.56
> 37.2 113.36 46.5 210.87
Av. £=2.862 T=3.577
Total 69.4 205.32 80.7 315.73
Av. 7=2.669 1=3.104
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Fig. 3.4. Vectorial illustration of secular ground tilting at Aburatsubo.
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Fig. 3.5. Secular ground tilting at Nokogiriyama.
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Fig. 3.6. Vectorial illustration of secular ground tilting at Nokogiriyama.
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Fig. 3.7. Levelling route (a) and crustal movements during 1952. 8—1962. 6 in Miura
Peninsula. Unit mm. (b) (after T. Dambara, 304).

Table 3.1. Precise levelling surveys along the Miura Peninsula since 1952.
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Fig. 3.11 Observed ground tilt (E’W’-component, Aburatsubo) as compared with
the levelling data (vertical movement of Aburatsubo referred to Yokohama, after N.
Fujita).
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Fig.3.15. Trends of tilting in the three land units as compared with tiltmeter data.
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Fig. 3.18. Groung tilts and strains at Nokogiriyvama (monthly mean values).
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Fig. 3.20. (a) Relaxation time as a function of wave number for a single viscous
layer over a rigid half-space.
(b) Relaxation time as a function of wave number for a viscous layer

overlying a viscous half-space. (after R. K. McConnell)
Dimensionless relaxation time f=%%-r ‘
T (3.11)
Dimensionless wave number wh=nr[2 (2:EE)
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PEVEHZETHD, EEOHERNTIETR versus depth in kilometers.

(after Y. Shimazu®,)

Fhodff (Haskell (3.5) & L/H-0, ¥4
(3.8) (XL>H) BNETHTWS, Tl T AV RZT 7 iR & IR OB
MR ETHORSE L TRANBRELTHS D, LrL, RAUHBEEOCIERTH LD
13, PRLHOENN SRR RD BATL I W EEL S, ki, BIikoRS -
LT, Savage’®™ DFSF VAT 4 ~2WiFOTFARer—v v FYU 7 b0l & LTy
v7 v Fr7alf@o 10km/yr, BAR? 2 X SEEOBERINIZOWT 7 b Y TR
J& (80km/yr) K EDFIEHFHI ENTEDS, 5 L HHELBHMEMBETIE M
BB 5 L 5B THBREG, Fie, FHE - SR s 3REBOEEM = =7
DEZ—HT 2 LIEBXOSFHNTH 5.



69

C Tk~ v b ORI OB BAE T B R b oo &, SHRO
WA ORI LA Oh L ELNTEETH S &, FILOZEE,» biliEOED =T
T AEHEE R4 Ul 2 ERIER L TR &b,

c. HEOTHFHNFEUD2.5EBRENTE :

R OZTHARE IS LT LAEREfTLTWwW 3 C &u%ﬁﬁﬁ%M@KMV&é &T
5%, ftoT, BHEAIEA—HRIAT LTV 57 BIE, M oiEEoZT25I - flo
BILE D /INEWHRHATH S, BRHCEBILHFE 0L 2R OZE EJDZS%%ﬁ%
VW, COBEELTETLI LIV ONLLERD

%%w”m%ﬁmﬁ(w%)®Eﬁ»7x—i&mﬁﬁﬁ@ﬁH%%VT%ﬁLt.%r
AT X % LWOE o = 130km, rh 65km, dip 45°, %@ 3ER N4S°W, & L CHifEE O
S & LCHETERS 3m, AR, 6m Offizm LT 2., Tiehbh, Mt 7%
Bao LCHMomERo 7 = » 7 ORHEO LI EROFM0 7 7 v 7 2353 ko fARRE TR
SERA R Licd E 2 T 5, & 3. 22 KIS Ha oM T, Wi T X 5 DA
TN LM & O TH B, EE « SRLTGENATL - QW T O EEIVEIC S ¥
hoAs, B E CoACEER Ok, 14km : 30km=~1:2 TH 5, O LILTHHM
FHOBREHOKE SOk 2.5: 1 ThHE L LBFHSHY ToCBbhb. £5TH
6&6@,%@ﬁ%m%v7va7z%7TFU7M@®ﬁ®w<ﬁ&b77m:ﬁﬁ
LTRBd oo banic, o, EIEHER 20km/yr-cosds®=15km/yr T, K
B ST S h s, DERIEOMCE bicv s, FAnDITies LBbh
LHER RN,

d. ERT(CHTI2EROHBHERER

BEO—ERC X 5 7 ) — 7 ARSI Maxwell €5 4 & Voigt €7 A% EHS

138°E 1395 140 1405\
~/¢//////////

355 —/

\,
N Matstda, 575 535 Pen,
Nykoru Miyra Pen.

{\\ABURATSUES OKCGIRIYAMA

h

#

i

HE

Ne ;

Fig.3.23. Burgers model. . :
Fig. 3.22. Sketch map of the South Kanto

district. Broken line denotes the fault trace of
the great Kanto earthquake. (after Ando,??).
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Fig. 3.24. Height changes of bench-marks between Takamatsu and Uwajima during
the period 1893-1937 (upper) and 1937-1947 (lower). (after G. S. I1.)
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Fig. 3.25. Geological map and levelling route in the Takanawa Peninsula.



72

< P g
. b3 a < s
& g X 0 g g
< z © g > - ] =
@ X @ x © P4
a 7] 0 0 by < m [ - S
-3 g > g < 9o . © © <
o o Temoomuma o e BT ¥ T 5
1 —_— L2] (2] d
T T g s o LU I
T ¢ < <
m mmom
o3 — S e W
s
-10
-20
-30] \\ \\ s / ——e— 1. 1956,
. oo —=o==XI. 1949
. . XN.1952.
-40) . 7/ —o0— VI. 1949
‘\«/ ——0-— XI. 1948/
=504

Fig. 2.26. Height changes of bench-marks in the Takanawa Peninsula. (after Okada
et al., 327).

Ndown.
2.0 Febl356
7
/
/
" /,
1.5} Feb.1956 7
Dec.1952 y Decl952.
]
1.0" ’I
1
!
Dec.| ,’
0'5' Dec.I1949.
R o R . ,Edown.
05" 1948 05" L.o* 15"
L0.5"
1.0" ——= Levelling.
----- »W.T.T
1932 {l.s'

Fig. 3.27. Comparison of levellings with tiltmeter observations at Matsuyama.
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Fig. 3.28. Response of the low-pass filtering by overlapping mean method. A;: first
filtering (12-month overlapping mean), Az : after second filtering (9-month o. m.), data
by Shichi.
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Fig. 3.29. Secular ground tilting at Matsuyama.
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Fig. 3.30. Velocity of ground tilting at Matsuyama.
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Fig. 3.32. Comparison of levellings
with tiltmeter observations at Matsuyama
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Table 3.2. List of earthquakes on which precursive tilting at the Matsuyama

Observatory was examined.

1.6 7
198

7.6

No.| DATE LAT. | LONG. |DEPTH | MAG.| DELTA
1 | 5 SEP '52 |33.60N | 132.70E | 35km | 4.7 | 25.7kn
(2) |13 APR '53 |[34.60 | 132.50 | 10 | 4.1 | 88.0
3 |30 JUL '53 [34.10 | 132.80 | 15 | 5.2 | 31.0
4 |13 DEC 54 |34.10 | 133.10 | 5 | 4.8 | 46.1
5 | 5DEC '55 |34.40 | 132.60 | 5 | 5.3 | 64.3
30 JAN '56 [33.70 | 132.30 | 50 | 5.1 | 41.3
6 | 5 FEB '59 [33.90 | 132.70 | 30 | 3.5 | 8.2
7 |14 MAR '60 |33.80 | 132.40 | 5 | 4.3 | 29.8
15 APR '60 |33.80 | 132,70 | 40 | 4.4 | 3.8
8 | 9 NOV 'e4 (34.12 | 133.37 | 20 | 5.0 | 68.1
14 NOV 'e4 |33.43 | 132.12 | 60 | 5.8 | 71.1
(9) |18 DEC '67 |34.12 | 133.30 | 60 | 4.1 | 62.5
10 | 6 AUG '68 [33.30 | 132.40 | 40 | 6.6 | 64.0
23 AUG '68 |33.30 | 122.40 | 40 | 4.8 | 64.0
11 |28 SEP '68 [ 33.30 | 132.20 | 0 | 4.6 | 74.0
27 OCT '68 | 33.75 | 132.30 | 50 | 4.4 | 36.5
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Fig. 4.1. Changes in ground tilting and daily numbers of unfelt and felt earth-
quakes during the Matsushiro earthquake swarm. (after Hagiwara and Rikitake,%9)),
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Fig. 4.2. Development of various sorts of crustal deformations compared with seismic
energy release. (after Kasahara,9?)
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Fig. 4.3. Comparison of various types of observational data. (after
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Fig. 4.5. A scheme of obtaining tilt-step amplitude from tiltmeter reading.

Table 4.1. The primary data used for the tilt-step analysis.

=3 HEE IR
£388|3¢ Tilt step |Fautdimenson S 3| 58| £ |2
c“iaZ|s 9|3 nt P 3ia 2 |a
Eartha! T wYWiwe o @i T 89 e e z | £
No. |Date|Time | M |4 | n |SE|NS[EW] vl &S| L | D | A |F SaUz im0 8
llocs " em| km plzi’md km| &m| km® 10ras. M xig22
19 APty loas7 | 45 241 3.4 34° }J‘ l 6 | 1518 | 65| 3.9|254| 58 026|066 A
20 0458| 45, 42| 1.5 | (45) 3 |os|B | 5438|205 63]013]|027A
21 0608| 45 2.4| 30| 33| f YLiies| 42/ 8| 65| 39| 254 7.3 |058|1.45/8
22| 14|os0s| 4.1, 2.66.2 [(45)] || 55 148 | 7
23| 16loso7| 45 27|48 | 301 |L| 55 14'C | 56| 56]31.419.3 0.5 045|¢C
24 1506 4.1{4.2{33| 45| TL| 9 | 2,2‘15 4.1 25]102|28 |079|081|8
25| 17|1021|5.0 65|55 | 40 }1\‘L 55 14,C |6.3|63{400| 1.8 |078|3.42]A
26 1022(4.7: 4.2 5.6 | (45) 55| 14!8 | 5.8 |4.61267|3.2 0.44|1LIT |A
27 1546 4.412.2 30 (45 N |22 [ s5({B 4.8 34]163|4.4|1.25(204|cC
28 2002(4.4, 35| 58 | (45) s5| 24|A| 48| 34]|163[73|033(0.54|cC
29 2006(4.3 | 26| 32 (45) &L | e5i24)c 5.0 | 3.1]165]1.0 0241040 A
30 202842 29|23 [ (4D 7s5li19|c| 46| 28| 140|86 |022]|031¢C
311,28 |1438 45 32863 45| 1| VL|is |3e|c| 65| 39]|254[07 |54 |137B
32| 020044} 47 7.4/6.9 | 42 )\L 1l ¢ 1.0|Al68]|48|326]1.7 |059(1.92|8
33 0045/ 4.5 ' 5.3 3.6 |(45) 4 |1ola| 5.4]|386|205(68 [0.15|031|B
34| oa|i0as|as 22|36 |45 |J| Ll esfat ic|e5|39(254(86 (02406l B
35| oe|iodsles 672830 |D Jlies|sas' a| 60| 4a2|252]1.9 |258 |650(c
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38| 22|1728| 45| 26|47 |62 | M| I | 65|16]1c| 83| 42[346]860.19]06!(C

To be continued.



Table 4.1. (continued)

39| 25/0557|44 | 10| 25| 40| 1| | 285 74|B |58 | 35|203]200037{075{A
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To be continued.
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Fig. 4.6. Tilt-steps associated with earthquakes. Vectors are plotted at the station’s
«coordinates relative to the respective epicenters, which is fixed at the coordinate’s
-origin, commonly.
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Fig. 4.7 Direction of tilting assocsated with a left lateral strike-slip fault.
(modified from the Press’s chart (1965)).

TIRWHIETH 225 Alk—FT 530, CRERNEDOL D, BIRELLLL B0
T, FORITAL, C20, BBEH iz, ks o T, ROWIE & KB T 554
bEX DD, TOGETIEY OZBORKXORMY Iz Lib Dt/ s, D% 0D
DREL LA Cicie s, fiR, 0k 5 nGREREENTIIEIE N5°W T3 N45°E
THE LI &ET, FOHFIEOM . T, ADHEL COHEDL DR F4.1EDF
—2EE ST, S =F o~ FEGRBHEAYH 48RO L 5 e AR ARED Lz 7 ey
FLTARD EHBICIXFIE D, & 2 TAMIL Press OMRIZHES L0, BEHIZFHD
LOTHHA, AITEREHEORGHFHIZ, BRILGEICHTFL, <27 =F . — Fatk
E T BBEIRANECINE - THL, —oEREYH b3t

M=—6.9242.0log;,4 (4.1)

Eie s,

Chinnery*® VX3 DI B O © ZBRIA RN RS, HNFERERLE =
CTRACWEOR S DO 2EHUAOFEHENGE IR TWS, 2% ), 2%0 Press O
ROHRREDTA ZTHE TS, ZCTEFRLTHRLLWE &3, Press 4 Chinnery
LWIEOFREZL > TL ELTWAEY, EEILREY L L3552 035, #4.7Hic
DN TIIEEhOMIZ YR L 2K L LT 3.



88

5.0 i ee—|lef- -l—o
M=-692+20l0og 4
; olo o =10
f{
i ol
E [ ]
w
Sas5 1] a—
= S I
=
(L]
<
= ¢ -/ 60—
(-] —t0 i
4.0 7 o—]
05 I 5 10 x10%m.

EPICENTRAL DISTANCE A

Fig. 4.8. Earthquake magnitude versus epicentral distance.
Polarity of tilt-step : consistent with theory (O),
inconsistent // (o).

—depression:

N o / L/D=05
N\ ~ 1~ /
/ \\ N T Y \
N 4 A < /
N // \ () \ / 7
(VAN A N D
/,/ -— - \—*/" — - & ‘\.

T Y A N A VN N W |
1 {\ VN 7Y St N /T / v v
L e -
AN Nl A s
/ \\/ ! /‘ \ yE__ / \ \//\
fooo—

N ;o A VN /

/ A RN N
/ | N

Fig. 4.9. Directions of tilting associated with a left lateral strike-slip faut. (D/L=0.5,
modified from the Chinnery’s chart (1961)).



89

ST, Press 0HiET C, TicbbA L RFHO L Ok Chinnery DHIRIICH - T
OB - T DR EMNTRILEND S,

#4.9FxZz o BRYT Chinnery nM#EH b—FlL LT D/L=0.5 (L=4§), #4.7
MOFHRCHE S b D E LTES Thic. WERHIOMEATERICOWTHNTRS &, B
xf UTidiE 45° oJFEIHIR A TH 3 LiEB i, BB ow s Dick &
REASRZDT, £+ Dusbh DIL O+ 2L oORENALEL LS.
4 HROBEM LEBORE L ORAF

Chinnery (ZMiBOW X DA RW 3 HPAC DT, FEIV L e D v 2 — & TOELE
Yo, WiEDRIEL (£§) & LTdeiii.

D=0.61,+0.125L (4.2)
S OFRUED DR/ T 5 v OiE RIS RDI & F 5 23, BELR L O b DA
IEFITPNZ W BT e B OMER KD B 2 EIEE L, kB ow xR C
& %7 D/L>0.5 OB EITix ERITRI D LR T 5, 4.9 ROBECIIEEE L
ROz Y= BROMTLosSEhi-Ficie 55, D/L 2ik¥ BT 9 3K
& e h AR .

Wi, (4.1) KXo 4=y, Thbb¥rava—oEET5 L,

M=—-K+2.0log L. (4.3)

Eleh, ALKKR O & 5.

D/ 05| o6 07 073 ] 08 09 | 10|

K (7.33)1 712 6.96  6.92 | 6.81 6.69 | 6.59 |

(4.1) ROER o ET (4.3) K&eb8sr D/L=0.73 123475

PiAs « It (MR oRER 2 B IR HEAC /e 5 strain-step 7 5M & Lo
B R 7z, Fhit 1078 o Strain-step 23X AR BT AM E R (BEHH
DOPEEE) OBIRICEERET k5 Strain-step ORFF A ER/ L C,

M=-8.4+2.2log;,L {TAKEMOTO-TAKADA)

OBAFREZE. MEILIEsCHECH bbb EELS SRS o & LTHE, Tocher
B M=6 OB4 ORI

M=0.75+0. 98 log,,L (TOCHER)
M=2.27+0.76log,,L (IIDA)

RS LTS, KB (MHOEE 2, S L TMIZ DLW THIRIE S bbhiEEo
5HbTIREDLDREEAT

M=-6.4+2.0log,;, L. (OTSUKA)
ORFRAEB TV 22, FHRCIXBEZEREE T 5 E M X h T b, Wyss and



90

Brune® [IHFERHTHOT — 205
M=—6,7+1.9logsv/ A (WYSS-BRUNE)
A=L.D

Dﬁ%ﬁfbé.CC?%K&&M&&®%&%ZOKEV:&@,GMmmﬂgREMa
OMELE (=g1%—-) OB

logic E=1.5M+11.8 .
B Eoc L3 Cd AR O 2 05 & OB HRKE W Lih~XTn %

k% oME L & oBERER BT, hy (4.3) REWRTHRSE, 1A - EH
DORx D/L=0.5 D34 LFhA ER RN E Hbh, K%, Wyss-Brune ot D/L=
L0 oBEC—ET5., ThaMk - BENPEREOEHRVCIBELIRC LTS 2
L KIFIERAEROHE, Wyss-Brune (1+/L.D 0F s bEBBROMSER L BbR S,
M¢ LoBRcBI LT, Tilt-step 7 H3Rdrcd OixfpfEst, RBN, BT X o5k
Do DEFE LiWRERRE bhi.

5. EREmTMOHERE

(4.3) XOME LOBFRICKE VLT, MAE2 bR TL LidDEOBRIRE - TEEHD
T—HIITIIHE T Hicvs, fo b xiE, M=5.0 ofifET D/L #10.5 & 1.0 0 & XT3,
L.D 75 14.8x7.4=110km?, 6,3x6.3=39.7km? DM FZFEHEED 3B RS,
Lo L, BEOUEEMBNZEOIFREFRETREORE=F ¥ —XF LETH S,
T AR E WAV UGS L o SRR RS, §4 10 F o A BEET S
0T, MBOEAEZFEHE (1:=0 O ¥,) B 5w (WBHRICPAT IR ACP RIS )
DWEXEE L DIZH L TURLAELDTH S, 5T, Tiltstep L5 THA 55 b,
L/D iz k » TRBIL TH 2 ksl hudis by,

B OHEREMNIE - B (81 402) CiiMiEEE ORIl itiE A DB BMEOE
FEOFRERFT LTS, 4. 1RO EEFO—FITINES DL D THL. BHILI X
BRI - B X AFREAYETLRE IV U EOMELRT. WE, ThboME
X LTI (fiH 410) © nodal plane O %80\ T&x5., FLTZ D ECTHED
HERLTWBROMZIMo THRD, ThixdHbn U (4.3) RNTHE L THhHI2M B
OFEE (42 4.3) ERETHZ LTIV ESTHBORIRHETHZ ENTE 5,

FLNFOBFIZOL ST LTHELLEFORE S THD. FLL2RIIDOLS L
TEDTCHOHMEDOMFRER LR LR TH S, FFELIRTLLTOHER BT Tk
Wi, BERTNE C LIUERR, BIRE LR TR THORBCB LT 52 &
TH5.

CoCRIEIT A A C By, UEDX 5L TR L oa R L IRES TN HRD I
BEEC—8T5hE 09 2 ET—BIRBELY L Tk {XE L TH S, BEFHNIEOH
FFEL 5~8km DA b > EAFTH 52, ZSEMIGO LR DHMEBEORBUIREARM
HEH T M=2, HES1-0. 2 #1fE:t 5 A TR JLE M=0 TH 5. MiEIKREL L TR
BERIENFREES L L, BEIRD O ER 2R D BITROEFEROENFR



° [o2-] (2] 5 20

Fig. 4.10. Fall off of u; with y; along y;=0 (u; in units of U, D and y;
in units of L/2), (after Chinnery?2)
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Fig. 4. 14. Rectangular dislocation surface perpendicular

to the free surface.
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Fig. 4.17. Earthquake magnitude versus earthquake moment derived
from tilt-steps.
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Fig. 4,18. Fourteen selected tilt-steps, which M versus Mo were derived.
(open circle).
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Fig. 4.19. (a) The epicentral distribution of the earthquakes which occurred within
thirty days following the main shock. (b) The section map of the hypocentral
distribution projected on a vertical plane trending N70°E (A-B). (after Ohtake).
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Fig. 5.1. Map of Sakuma Dam area. The observatories are shown by solid circles.
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Fig. 5.3. Vertical movement of rock foundation. (after Kansai Electric Power Co.)
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Table 2.1. Comparison of changed insulation resistance and capacitance with their

normal values. Their changes were the main cause of a failure. (tested
by Oki Electric Industry Co., Ltd.)

Element Capacity Insulation resistance Normal value
1 — Transmitter 50,000 P.F. 70Q
Reciever 70,000 200 Capacity
2 — Transmitter — 0 1,000~1,200 P.F.
Receiver 9,000 50,000 Insulation resistance
3 — Transmitter 300,000 0 ©
Receiver 6,000 400,000
4 — Transmitter 2,700 500,000

Receiver 30,000 400,000
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Appendix 4.1.

Anomalous precursory and subsequent tilt covering 2
day periods before and after major earthquakes
during the Matsushiro swarm activity.
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Appendix 4.2,

Reading of water-tube tiltmeters at the Matsushiro

Seismological Station.

(April 6, 1966—March 7, 1967)

Unit: micron.

1 micron = 0.005 sec. in are.

= 2.5 X 107® radian.

(2.424 X 10~® radian)

date time NS Ew date time NS W
1966 (micron) 2100 32 79
Apr. 6 1530 0 0 2400 35 -80
1730 5 -5 Apr. 11 0315 37 -86
1930 6 -1 0345 34 =87
2235 3 -4 0410 34 -88

7 0930 22 -12 0512 30 -98
1130 13 =14 0530 26 -98
1330 15 -14 0546 25 =100
1530 23 -23 06;!.0 09 =~107
1730 21 =23 0635 08 =104
2130 21 -20 0652 11 =107

8 0830 29 -28 0810 15 -108
1030 22 -28 1000 15 -113
1300 28 -34 1200 12 -113
1530 32 -39 1500 16 -113
1800 27 -38 1700 11 -123
2130 23 -40 2100 11 -125
2400 26 -43 2400 19 -126

9 0230 24 -44 12 0500 19 -130
0300 23 46 0700 17 -131
0315 29 -47 0800 19 -132
0600 28 —47 1000 21 -133
0800 32 -47 1300 20 -1a3
1000 30 -48 1700 20 -142
1145 25 -53 1900 21 -1s6
1430 20 =53 2045 22 -146
1530 18 =57 2104 16 -145
1800 22 -58 2115 24 -145
2100 =21 -38 2130 17 -l46
2400 23 =60 2145 17 -147
.10 0800 27 -68 2400 19 -147
1000 24 =71 13 0125 19 -147
1230 29 =72 0140 21 -lu8
1600 30 75 0700 18 -149
1800 32 -7 1000 19 -153
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A Water-tube Tiltmeter and its Applications to
Crustal Movement Studies.

By Juhei YAMADA,
Earthquake Research Institute.

It is well established that earthquakes and crustal movements are related closely to
one another. Geodetic means, i.e. repetition of precise surveys in a seismic area, have
been the principal data sources in this research field. However, it is generally difficult
to repeat the surveys frequently. Thus some complementary means are needed in order
to observe the episode of strain accumulation at a fixed point continuously. Instruments
for this purpose must be provided with long-term stability which is comparable to the
geodetic means’ to be complemented. ‘A water-tube tiltmeter, which refers to the water
level in a long tube, seems to satisfy this condition as is proved in the following discussion.

This paper presents and discusses varlous aspects of crustal movements in Japan on
the basis‘of the water-tube tiltmeter records which the writer and his collaborators
obtained in the past twenty years. The paper consists of five chapters as follows:

Chapter 1 is on the instrumentation. A water-tube tiltmeter is basically a simple U-
tube instrument. However, the best results are obtained only after proper designing and
careful operation of the instrument. For this purpose, the writer reviews the history of a
tiltmeter with special discussions on its vital parts, they are, optical system for precise
reading, materials and manufacturing process for durability, instrumental response, etc.,
Discussions are also developed on several factors such as changes in the air temperature,
atmospheric pressure, underground water and tidal phenomeana, which may disturb the
observations. It is true that the overall accuracy depends on the condition how well the
reading is corrected for these external factors.

Chapter 2 deals with a remote recording system for a water-tube tiltmeter. A reliable
and practical system of remote operation has long been searched for by various groups
in this field, as it will improve the observation definitely. It will eliminate uncomfortable
vault work from the observers and will give us undisturbed continuous records. Develop-
ment of the system has been desired urgently through the writer’s experience in the
Matsushiro swarm earthquakes, when restless vault observations were often conducted,
manually.

Thus a supersonic equipment was constructed and tested by the writer and his col-
laborators successfully, as is described in this chapter. Basically, it takes sing-around
method, in which the repetition cycle of a supersonic pulse is given as a function of the
water depth. It detects the water level changes with the accuracy of less than one micron.

A proto-type model thus constructed is a brazen water reservoir of the tilted bottom.
A piezo-electric elememt (transmitter-reciever) is mounted at the lower surfaces of the
bottom plate via an ebonite insulator. Oblique incidence of sound waves to the tilted
bottom plate causes converted transverse waves, which propagate through the plate
until it is transmitted into water as a longitudinal pulse. The signal reflected at the
water surface returns to the reciever along the same path, and efficient transmission of
the signal are achieved. Consequently, the high S/N ratio and stability are attained.

Chapter 3 presents and discusses the secular changes recorded at the three observa-
tories, Aburatsubo, Nokogiriyama and Matsuyama. Partivcularly interesting is a comparison
of the records at Aburatsubo and Nokogiriyama, which are separated only for 20 km across
the Bay of Tokyo. It is generally supposed that the observed tilting consists of the two
components, i.e. the regional tectonic movement and the local one contaminating it. Hence,



147

«correlation of tilting at the two adjacent stations depends on the condition which com-
‘ponent predominates.

At a coastal observatory, which is locally affected by the tidal loading, good harmony
‘between continuous observations and levellings may not be seen always. As for the long-
‘term changes, however, the results of water-tube tiltmeters, levelling surveys and mareo-
graphs are in good harmony with each other, so far as their basic trends, or the rhythm
-of changes are concerned,

Notable evidence for migration of crustal movements has been discovered recently.
Locus of the tilt vector at a station is generally accompanied by irregular features which
.are superposing the general trend of secular movements. Phase of the irregularities at
Nokogiriyvama lead Aburatsubo for about one year, indicating that these events migrate
from east to west across the Boso Peninsula at a very low velocity, say 20 km/yr or 0.06
.cm/sec.

This effect seems to bring forward new interesting problem in crustal movement
-studies. First, it enables us to predict movements at Aburatsubo from the Nokogiriyama’s
data, if the phase relation of the two is established empirically. Secondly, it attracts our
notice on the rheological aspects of crustal movements. A brief discussion has been
-developed from these points of view.

Chapter 4 is on the subject of observations in the Matsushiro swarm earthquake area.
“The observed earth’s tilt due to the seismic activities are compared with a elastic dis-
location model of earthquakes. Practically, the writer installed two components of 40-meter
water-tube tiltmeters in the vault of the Matsushiro Seismological Observatory, J.M.A.,
.and continued observations there for about one year including the principal stages of
.activity.

The paper first refers to sixty-two major shocks of intensity scale IV or V in order
to examine anomalous tilt events in 24 hours before and after the respective shock. By
‘this work, which is perhaps the most detailed tilt observations in the epicentral areas
-ever conducted, lots of notable evidence for precursory effects have been obtained. These
‘results offer hopeful examples to the studies of earthquake prediction.

Tilt steps, or sudden changes in tilting, were observed for most of these earthquakes,
-and were compared with the elastic dislocation models by Press and Chinnery successfully.
“Thus, an empirical formula has been derived to explain the relation between the seismic
magnitude and the fault geometry. This formula seems consistent with the existing mag-
nitude-fault length relations derived by various authors. A chart of tilt field about a
fault origin has been drawn for the purpose of quick interpretation of the Matsushiro
swarm earthquake. This chart enables us to estimate quickly the fault slip by knowing
a tilt step at the station. Then, the seismic moment can be estimated by combining the
slip with the fault area presumed from seismic observations and the rigidity of the crust.
“The seismic moment versus magnitude formula thus derived harmonized well with the
similar one deduced from seismic waves.

Chapter 5 describes further applications of a water-tube tiltmeter, taking the tilt
monitorings at the Sakuma and Kuroyon dams as well as at the Kilauea caldera, as
.examples,

Finally, the detailed data and technical descriptions are given in the appendix.



