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Abstract

The National Research Center for Disaster Prevention is conducting
the crustal tilt observation in the Kanto—Tokai area in the central
Japan for the purpose of earthquake prediction, by using the borehole—
type tiltmeters. The tiltmeters are installed at the bottom of the obser-
vation wells of which the standard depth is 100m except three deep
wells. The output voltage proportional to the ground tilting at each
site is transmitted to the NRCDP at Tsukuba in Ibaraki Prefecture by -
the PCM telemetry system, and recorded on magnetic tapes by the real
time processor. Three new stations began to operate in 1984, in addi-
_ tion to the eighteen stations where the stationary observation had been
carried out since 1978. Here, we report tilt changes at the twenty one
 stations for 1984. The results are illustrated in two kinds of dia-
grams : annual plots of daily means and monthly plots of hourly data.

For reference, we plot daily precipitation at each station, too.
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Table 1 List of observation stations.
s, W & B OE HRES BUEEE AESEHE
) | Code Longitude Latitude  Altitude Well-depth Lithology

Station | (E) (N) (m) (m)
iifkii EMKB 137°30750. 17 34°48'05.4"  -38 99. 3 gﬁ;ﬁi’f?{f’%)
AR :HK\N 138°0816.7" 35°05/35.4” 343 106.2 z{;is'ﬁfsﬁi@
B ésxz 1319746, 6 35°06°41.8° 76 1027 & B
L X |CMT 13°14'55.5" 34°58'19.9” 51 sa2 D5
FER {NDZ 138°16747.0 347573177 82 53.2 & 5B
M EOKB 136°15'13.8” 34°57700.0°  -30 1018 L&
KR %OHS 138°00/54.8” 34°40°57.1  -67 1348 & M
s iHDA 134817 17 3575277 46 100.6 ALEEE
ming 112 138°50748.4° 34°54'46.4° 263 in a tunnel RICERDE
> |SMD 138°56'03.5" 34°44'15.3"  -13 87.7 fiﬁiﬂi i
izaf %ENZ 138°48710.0° 35°44/09.5" 807 88,7 [CHIDIREE
W :YMK 139°03/46.07 35°29/13.2” 56  100.7 gfjf*iite
x 0 EAKW 139°19704.5” 35°31/12.5”  -10 a P&
;ﬁ;fmf‘;ﬁashigmgf\sc 139°01/40.47 35°18749.6° 386 0.4 B &
rB EOSM 130°26'33. 77 34°41°16.2° -4 1012 ﬁﬁ"s’;‘ofia” 7
EHL :IWK 139°52717. 0" 35°05753. 2" 0 0 2B
B gK.TU 40160817 3°10°37.3  -12 108 BB
T ECHS 140°51/18.07 35°42°08.0° 42 94 © B
i EFCH 139°28/25. 17 36°30702.4" ~2707 .- 2751 gﬁ;ﬁfﬁfﬁfa .
a5 R IWT 19°4417°  35°65'33 3501 3510 IR e rocks
5o’ |SHM 140°0i/25.67 36°47/36.4° -2277 2300 e schit
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Fig. 2 Location of observation staions.
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Table 2 Overall characteristics of the instruments.

Bl IR BAIRTREEIE  RBE SRR RS (ERI G EREE
M7 LA — 53R

Instrument Observation  Measuring Accuracy Resolution Temperature response
position range
EREt RBEAHAKE
Tiltmeter ~ Bottom of + 2X10™*rad 6 X 10 %rad 10"%rad/°C
the well
RBE:dt SHEIHALE REREZEZH
Thermometer Bottom of e £ 2.5°C 0.1°C 0.02°C
the well
RES BB 1000 £ 50mb 0.5mb  0.1mb

Barometer In the cabin
MEST R
Rain gauge Side of the 0~100 mm 1 mm 1 mm
cabin
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Table 3 Tilt steps caused by earthquake shocks.
N, E (or X, Y) ground down, =+; unit, micro—radian.
Date d h m Station Comp. ll‘l; Earthquake Date d h m Station Comp. I;l; Earthquake
T JAN 01 18 03 s1z NS -0.07 S off Kinki SEP 06 03 48 Jiz EW -1.14 S off Kanto
EW -0.15 M=7.3 SMD EW -0.36 M=4.2
JI1z EW -0.11 SEP 06 08 17 JIZ £EW -0.20 S off Kanto
SMD EW -0.07 SMD EW -0.07 =3.9
ENZ NS -0.04 SEP 06 12 JIZ EW 0.18 S off Kanto
AKW NS -0.16 SEP 06 19 12 J1z EW -0.18 S off xanto
0SM NS -0.40 M=3.4
v £W 0.07 SEP 07 04 45 Jiz EW -0.04 S off Kanto
KTU NS -0.33 =3.1
" v 2.16 SEP 07 15 02 J1z EW 1.24
FCH X =-0.15 SEP 08 10 33 SMD EW 0.11 S off Kanto
N Y -0.11 M=4.0
JAN 05 12 33 s1z EW -0.04 Kanto-Chubu border| SEP 08 18 46 J1Z EW -0.15 S off );anto
=3.4 M=3.5
JAN 14 04 03 siz EW -0.04 Southern Chubu SEP 14 08 48 MKB NS 0.04 Nagano-ken-seibu
JAN 17 2C 13 s1z EW -0.04 E off Kanto " EW 0.04 =6.8
AKYW NS -0.04 M=5.6 HKW NS -0.15
JAN 18 03 31 S1Z EW -0.04 E off Kanto " EW 0.93
AKY NS -0.09 M=5.9 S1Z NS -0.13
" EW -0.04 " EW -0.28
KTU EW -0.04 cMT NS -0.17
JAN 22 18 2¢ S1z EW -0.04 S coast of Chubu " EW -0.18
M=3.4 NDZ NS 0.02
FEB 09 06 50 SIZ EW -0.04 Kanto-Chubu border " EU 0.05
FEB 11 04 49 S1z EW -0.07 Southern Kinki 0KB NS 0.98
M=5.5 v £W 0.40
FEB 14 01 53 siz EW -0.04 Kanto-Chubu border OHS NS -1.78
Jiz EW -0.07 M=5.2 " EW 0.42
ENZ EW 0.07 HDA NS -0.04
AKW NS 0.66 SMD NS .15
" EW -0.36 " EW 0.24
0SM EW -0.04 ENZ NS -0.15
FCH X -0.07 " EW 0.05
" Y -0.07 YMK NS -0.22
MAR 06 11 17 HKHW EW 0.13 Near Torishima " EW 0.05
SI1z NS 0.22 =7.9 AKW NS -0.18
" EW 0.26 " EW -0.04
J1z NS 0.09 0SM NS 0.04
" EW -0.15 " EW 2.40
SMD NS 0.16 KTY NS -0.29
" EW 0.49 SEP 14 12 49 Siz NS 0.05 Nagano-ken-seibu
AKW NS -0.18 " W 0.09 (aftershock) M=5.0
" EW -0.07 SEP 15 07 14 MKB NS  0.07 Nagano-ken-seibu
OSM NS -0.18 " EW -0.05 (largest aftershock
! EW 2.74 HKW NS -0.07 =6.
KTU NS -1.43 " EW 0.07
" EW -2.27 Si NS 0.20
SHM Y -0.04 . EW -0.11
A?R 06 10 09 siz EW -0.04 S coast of Chubu 0KB NS 0.16
AKW NS -0.07 M=5.4 " EwW 0.07
" EW -0.07 OHS NS -0.05
APR 24 08 11 SI1Z EW -0.05 S coast of Chubu " EW 0.20
PR 24 13 N SI1Z EW -0.04 S off Honshu Jiz EW -0.11
AKW NS -0.19 M=6.7 SMD NS -C.11
" EW -0.04 " EW 0.06
0SM EW -0.04 YMK NS -0.04
KTU NS -0.04 AKW NS -0.05
" EW 0.13 " EW -0.05
APR 30 05 58 SIz EW -0.04 S coast of Chubu SEP 15 07 39 S1Z NS -0.26 Nagano-ken-seibu
MAY 23 07 38 SIZ EW -0.05 Northern Kanto " EW -0.18 (aftershock) M=5.6
AKW NS -0.11 M=4.6 SEP 15 08 59 S1Z NS 0.26 Nagano-ken-seibu
" EW -0.05 " EW 0.15 (aftershock) M=3.7
MAY 30 07 58 S1Z EW -0.02 SE coast of Kanto SEP 19 07 02 Si NS -0.09 St off Kanto
AKW NS -0.0¢ =4.4 " EW -0.07 M=6.6
" EW -0.04 JIz EW -0.M1
MAY 30 09 39 S1Z EW -0.04 Northern Kinki SMD NS 0.13
M=5.6 " EWw -0.05
JUN 26 10 32 SI1Z EW -0.15 Southern Kanto YMK NS -0.04
Y MK NS -0.05 M=4.4 AKW NS -0.06
" EW -0.50 " EW  -0.04
AKW NS -0.07 OSM NS 0.15
" EW -0.07 " EwW 0.08
JUN 30 02 45 Siz EW -0.05 Northern Kanto KTU NS -0.39
AKW NS -0.05 =5.0 " EW 0.07
" EW -0.04 0CT 25 00 34 AKW NS -0.05 Kanto-Chubu border
Jut 09 10 47 AKW NS -0.04 Southern Kanto " EW -0.05 =3.4
" EW -0.04 =3.5 0CT 25 15 57 S1Z EW -0.04 E off S Tohoku
JUL 10 16 15 SIz EW -0.04 S coast of Chubu M=5.2
M=3.4 0CT 31 01 15 Sz EW -0.04 E coast of Kanto
JUL 26 13 52 S1z EW -0.09 Northern Kanto =4.5
=4.8 NOV 10 10 40 AKW NS -0.09 SE coast of Kanto
AUG 07 04 06 S1z EW -0.07 SE off Kyushu " EM -0.05 =4.6
0HS  EW -0.04 M=7.1 NOV 13 19 52 YMK NS -0.13 Kanto-Chubu border
ASG EW 0.04 " EW 0.03 =3.6
AUG 13 14 36 HKW NS -0.11 S coast of Chubu AKMW NS -0.05
" EW 0.35 M=4.2 " EW -0.07
SEP 02 16 11 JI1Z NS 0.05 S off Kanto DEC 03 13 06 SI1Z EW -0.07 S off Chubu
N EW -0.04 M=4.0 DEC 06 04 47 S1z EW -0.02 E coast of Kanto
SEP 03 09 27 Jiz RW -0.09 S off Kanto M=4.8
M=3.5 DEC 17 14 55 S1Z EW -0.04 Southern Kanto
SEP 05 15 58 SMD NS 0.05 S off Kanto =4.2
M=2.8 DEC 17 23 4¢ siz NS -0.04 Tokyo bay region
SEP 05 1§ 17 SMD NS -0.16 S off Kanto AKW dS  -0.15 M=4.9
YMK NS -0.04 M=4.5 " EW -0.05
" W 0.02 0SM EW -0.05
AKW RS -0.16 DEC 19 04 35 AKW NS -0.02 E off S Tohoku
“ EW -0.06 " EW -0.02 =5.3
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Table 4 Characteristics of observed tilt changes.
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Table 5 General condition of the observation.

1984
COMP. INSTALLATION, JAN , FEB , MAR , APR ;, MAY , JUN , JUL , AUG , SEP , OCT , NOV_, DEC

MKB NS FEB 1981
MKB EW
MKB PRECIP. JAN 1982

HKW NS JAN 1932 |
HKW EW m
HKW PRECIP, ]
S1Z NS MAR 1981_—
SIZ EW O

s1z PRecIp. DEC 1981
CMT NS rFes 1978
CMT EW

CMT TEMP.

CMT PRECIP,

NDZ NS Fes 1978
NDZ EW

NDZ BAROM.

OKB NS FEB 1983
OKB_EW

OHS NS nov 1983
OHS EW

OHS PRECIP.

HDA NS FEB 1984
HDA EW

HDA PRECIP,

JIZ NS pec 1978
JIZ EW

JIZ BAROM,

JIZ PRECIP, MAR 1982
SMD NS FEB 1982
SMD EW

SMD PRECIP. JAN 1983
ENZ NS

ENZ PRECIP. JAN 1983

YMK NS peEc 1983
YMK EW e =
AKW NS Nov 1982
AKW EW —1
AKW PRECIP —
ASG NS JaN_1979
ASG EW
ASG PRECIP, Jut 1980
| OSM_NS FER 1983
OSM EW
0SM PRECIP, T —,—,——, e e o
TWK- EW ocT 1975 m@
IWK PRECIP. FEB 1982
KTU NS pec 1982 ]
KTU EW
KTU PRECIP.
CHS NS ocTt 1980
CHS
U
U
SHM X nar 1983 I | .
SHM Y - 1 Illl‘
Sl Normal T3 Interrupted U . Tiltmeter pulled up
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Tilt change caused by earthquake shock
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Instrumental trouble (sensor, telemetry system, telephone line or recorder )

C:!RF vy 7HIE

Offset correction
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Detailed condition of the observation.

LERETR) ORI ARFERIC

st 23

Unusual tilt change caused by unknown origin

= 4 8 (MKB)

& I A/ (HKW)

4 fe (s12)

1R

2H

3R

07d05h:? ( _/ NS,EW)
07d11h:? ( ” )
07d15h :? ( ” )

08d01h:? ( _/— NS,EW)

11d17h:?

(/~ NSEW)

11d18h:? (_r/~ NS,EW)
28d04h:? ( ” )

08d20h: TC (5 v 7))

04d08h:? (257 « NS, EW)|

07d05h :? ( ” )

08d00h :? (25 7 + NS,EW)

09d04h:? (=25 v 7 « NS, EW)

06d11h: EC

06d12h~16h: TC
(EREHE =B

01d18h: EC
05d12h: EC
14d04h : EC
17d20h : EC
18d00h : EC
22d18h: EC

09d06h : EC
11d04h : EC

14d01h: EC

05d17h~22h: TC
(EHETEAR)
06d11h: EC

06d19h : TC (fEAETE AR

09d07h~14h:T ({E)
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= 4 H _(MKB) &= JII R (HKW) B it (S12)
3 H 109d14h~17h:TC
(fEFIETE =)
15d4h:? ( \__ NS,EW)
18d07h~15h: T 18407h~15h: T
(FLA=—5FT) (FLA—FFTY)
30d09h~13h: T 30d09h~13h: T 30d09h~13h: T
GRIEAIEE) GREAUEED (B AMEED
4A 06d10h : EC
24d08h : EC
24d13h:EC
30d05h : EC
5 A 09d08h:? ( "N—— NS)
15d03h:? ( _/~ EW)
23d07h : EC
28d16h~29d17h: T
(FvA—FFIV)
30d07h: EC
30d09h : EC
6 B 03d17h: TC (R 5 w 7)
10d07h~13h: T 10d07h~13h: T
(FrvA=4Fvv) (FLvA—Fo)
17d08h~12h: T 17d08h~12h: T
A ( ” ) ( ” )
21d0%h~11h: T (=&
26d10h : EC
30d02h: EC
TH 10d16h : EC
26d13h: EC
88 |03d~12d: T (FRE)
07d04h : EC

18404h~07h: T
(FLA—95D V)

08d11h~21d14h: T
13d14h : EC

26d08h~12h: T
(FLvA—5FIV)

26d08h~12h: T
(FLvA—%5)
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= 4 B (MKB) A )i R (HKW) B g (S12)
9 A | 14d08h: EC 14d08h : EC 14d08h : EC
(EFEEHM6.8) (BEHEFEHEM6.8) (EFEEHEM6.8)
: 14d12h: EC
15d07h: EC (REEFH + | 15d0o7h: EC (REEMEE « | 15d07h:EC (REFEFAES -
BAREMSG.2) BEARKREMS6.2) EAREMG.2)
15d07h : EC
15d08h : EC
19d02h : EC
(BHREEHM6.6)
108 03d07h~15h: T
18d03h~13h: T
(Frax—g5w)
25d15h : EC
31d01h: EC
118
12H4 03d13h: EC
06d04h : EC
09d07h~13h: T 09d07h~13h: T
(FLA=552v) (FLrA—=559)
17d14h : EC
17d23h : EC
22d03h:? ( —__ EW)
24d17h~ 20h:T
(Fvr—g5v)
26d11th~27d10h: T
(FLA—5%F7V)
RRE EWEAKEESHEHEED | EWHRSRMERLIDRT v 7
EEHBROLNG, CHRSE | 2HEUDTL,
ZlLicBELTWEbDERE
bbb,
pas X (CMT) B} H R (NDZ) = 2iid (OKB)
18 |19d09h~14h: T 19d09h~14h: T 19d09h~14h: T
19d15h: T (R 5 o 7« BE)
2A
3 H | 08d10h~13h: T 08d16h~18h: T 08d16h~18h: T
(ERETE SR (RSB AR (ERETEHAR)
30d 09h ~13h : TG HMEE) | 30d09h~13h: TGAEEANSE) | 30409h~13h: T (GHiEAMSE)
4 A
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bl X (CMT> g B R (NDZ) i il (OKB)
5H
6 A |19d13h:? ( )
28d17h~ 7 A 16d16h: T (&FE)
7H
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Fig. 5

Yearly plot of the crustal tilt data (daily mean).
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and the daily precipitation at Nakaizu.
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Minamiashigara (ASG) and the daily precipitation at Minamiashigara.
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Crustal tilt in EW—comp. at Enzan (ENZ), Yamakita (YMK), Aikawa (AKW),
Minamiashigara (ASG) and the daily precipitation at Minamiashigara.
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Fig. 7 Temperature (bottom of the observation well) at Chikamata (CMT), the barometic pressure
at Nodazawa (NDZ) and Nakaizu (JIZ), and the daily precipitation at Chikamata.
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