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AN EXPERIMENT TO DETERMINE SET DIRECTION OF A
TILTMETER BY THE ANGLE OF P WAVE INCIDENCE

By Norio HIRANO

Synopsis

The Hokuriku Microearthquake Observatory is planning to set a vertical pendulum-type
tiltmeter on the bottom of a 25m bore-hole at a satellite station Mihama (MHJ). This
tiltmeter is composed of a vertical pendulum oscillating in mutually perpendicular directions,
and so usable as a two component horizontal seismograph.

As it is difficult to set the tiltmeter exactly in some determined direction, we intend to
obtain the direction of tiltmeter by P wave amplitudes of the earthquake with known
hypocenter observed by a vertical pendulum.

As the first step of this intent, this tiltmeter was set in the observation tunnel of the
Observatory, so as for two pendulums to oscillate in NS and EW directions, respectively, in
order to check whether the direction of P wave incidence determined by the tilimeter
deflects from the direction of epicenter determined by the seismic network or not. As a
result 15 degrees were obtained as the average of 35 earthquakes.

Four reasons were investigated as the probable cause of this deflection. Namely, 1) the
manner of setting of the tiltmeter, 2) difference in sensitivities of two components, 3) ani-
sotropy of seismic waves in underground media in the Hokuriku region, and 4) complexity
of the crustal structure in the same area. The average deflection of 15 degrees is too large
to explain by reasons 1), 2), and 3). By reason 4), the observed deflection may be explain-
able, if we consider somewhat complicated structure.

Finally a method to determine the direction of setting of the tiltmeter was proposed.
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Fig. 2 Relation between tilt movement and

Fig. 1 The vertical pendulum-type tiltmeter. output voltage of the tiltmeter.
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Fig. 3 Block diagram of the observation system.
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Fig. 4 Seismograms of an earthquake of M 3.4 observed by the tiltmeter.
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Fig. 6 Distribution of the deflection angles obtained by the method shown in Fig. 5.
A ;Epicenters during the period from Dec. 1981 to April 1982, obtained by the telemeter
network of the Hokuriku Microearthquake Observatory.
@ ; Epicenters during the period from May to Nov. 1982, obtained in the same manner.
The arrow attached to the epicenter indicates direction of the deflection, and its amount
is shown by attached numeral.
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Fig. 7 Distribution of the deflection angle in the case of relatively distant earthquakes.
Epicenters were determined by JMA. Notations are the same as in Fig. 6.

Fig. 8 Relation between the deflection angle, 2
and direction of the epicenter, ¢ for
various differences in sensitivity between
two components of the tilimeter.
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Fig. 13 The deflection caused by tilting of the Moho, where 2, ¢, and 0 indicate the deflection
angle, angle of incidence of P wave measured from E direction, and tilting angle of
the Moho measured from the horizontal, respectively.
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Fig. 14 Azimuthal distribution of the deflection angle, where clockwise rotation is taken as plus.
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Tig. 15 Azimuthal distribution of the deflection angle. @ ; Deflections derived from the tiltmeter
observation. A ; Deflections derived from the tripartite method.



FE : PR OB AL SEMIDRE A KD 2 S 105

TP N

/ﬁﬁz"// /\s:mg\a. )

N60°W /%/////6_30 \k\
7 @)
I
35°20'N //) \SEI//// /

136.0°E 139.0°E

Fig. 16 Conterminous map of Bouguer anomaly. A straight line indicates the direction
of the maximum increment.

ARICERIC X B TRED P Y024 VIZXBTROF WIS, 2O Y924 MZ30HF o2 —
F VDRV EEOSOTREEOHEEREL TS50 EBbNE, —F, AROEMAFTHCLZEEDOX
3ic 1 SOBRATIRFMZRD 84, JVEFNLEEECREEZU TS EEZ LN,

T, REEOTEMMNEHEELHELTALS, Fig. 16 (31.0°X1.0° # v ¥ 2 Il - 1T -4
BER (4 mga)® THB, ZORLD, Y24 D3 O0BAEEET50km WHiICEY 5 €k
HOEHAEE, *DBEKEFFHNERDTHS, Fig. 16 07 —r BEBT +EOERLFICIEbDL
AT e, BAEMFARIZ N60°W THh, £0AEIRM 0mgal/S0km THz, cOARE, €+E
OEFICHEST S L, ¥2.5km/50km L7130, I OERNCIZS, 2L, E4EERIT2BOHEE
% 0.3 gram/cm? H{RsE LTz, BEEES - NS RE-Th, ERIHEZD 5 BETH S, Fig. 17
2, FYEA FRESTROLNLTHOD B, HhFHEMTF8km/sec, T8hL, PRMSSEEE
Eb-TLBEELLNESOEEAT, Fig. 14 OBALALPETT 0y b Lico MhOMREI, €%k
BEOME 0 %5°, 10°, 15° & LBADREME SRV bDTH S, Fig. 17 oY C &3, oW
MERFEOEXIZE M5 15° ORPICINE B ETHB, Lch-T, ErEDOHE, FHIICIES »5
15° DEERB BN BFHNCE, b ERRICEALHEEELTOS EHEEI NS,

6. HTLHEFHRORHE

5 TEMEHC L > TR N T NAIME FEEZ R UCO AT ZR U2, UL, 4EDLD
1 HOBHIC K284, BIISEOREERERUEC Ebbhot, Lich-T, PROBR



-20°

106 FRBIRALFF]M H265B-1 (58, 4)
FKJ,KAJ,IMJ  TRIPARTITE OBSERVATION
+X
=X

Fig. 17 Azimuthal distribution of the deflection angle derived from the tripartite method.
In this figure, the earthquakes used are restricted to those of which P waves seem to

have been transmitted along the Moho.
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Fig. 18 An idea to detect directions of oscil-
lations of two vertical pendulums of
tiltmeters, T1, set on the bottom of
the bore-hole.
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