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The Deep Borehole Observatories and their Contribution for Revealing
the Characteristics of Microearthquake Activity in the Kanto District

By
Hiroshi Takahashi

National Research Center for Disaster Prevention

Abstract

Tokyo, the capital of Japan, repeatedly suffered from earthquakes, of which more
than half were generated just beneath Tokyo or the neighbouring Prefectures (Fig.1.1).
Political, economic, cultural and other important central functions of the country are con-
centrated in Tokyo, and the metropolitan area including Tokyo and surrounding Prefec-
tures are populated by one quarter of the national population. It, therefore, is very impor-
tant to make possible earthquake prediction in the metropolitan area together with other ef-
forts for earthquake hazard mitigation.

However, the metropolitan area is in most part located in the Kanto Plain with soft
and thick strata of the Quaternary and Tertiary periods (Fig.1.5). Moreover, by develop-
ment of industries and transportations, background noises are extremely high so that high-
sensitivity observations relevant to earthquake prediction are almost impossible by conven-
tional methods for any kind of observational disciplines.

Considering such social and natural situations, the National Research Center for
Disaster Prevention (NRCDP) launched a research project to construct three deep borehole
observatories (DBO’s) (Fig.1.5) for earthquake prediction studies and monitoring of
crustal activity of the metropolitan area in 1959. The observatories, which for the first time
realized downhole observation with highly sensitive seismometers and tiltmeters in the Pre-
Tertiary basement beneath the metropolitan area, were completed in 1980 overcoming a
number of technical difficulties (Fig.1.6 ; 3.1).

In this paper, describe scientific purposes and technical details of DBO, discuss some
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preliminary reults of the observation, and propose a future plan of prediction-oriented
observations in the metropolitan area based on the donw-hole measurement technology.
The name, abbreviation code, location, depth and short-period noise level at the bottom
are as follows: Iwatsuki DBO; IWT, Saitama Prefecture, 3510 m, 4-5.5 pkine. Shimohasa
DBO; SHM, Chiba Prefecture, 2300 m, 10-11 ukine. Fuchu OBO; FCH, Tokyo, 7-8 pkine
(Tab.1).

The DBO is composed of the observation well at its bottom the sensor vessel is install-
ed and the observation building on the ground surface (Fig.2.1). The pressuretight sensor
vessel (Fig.2.3) contains the three-component velocity seismometer (Fig.2.4; 2.5), the two-
component tiltmeter (Fig.2.6), the three-component accelerometer (Fig.2.7), the signal
transmitter, and other associated devices (Tab.2). Signals from the sensors are once
modulated, and transmitted to the observation room through the signal cable (Fig.2.10;
2.11). The signal receiver, recorders, the telemetry transmitter to NRCDP are displayed in
the observation room. The observation building is also equipped winch the emergency
power supply and the cable with for winding up and down the sensor vessel when necessary.

Background noises at DBO’s are two or three orders lower compared with those at the
ground surface (Fig.3.5—3.9). Since the seimsometers are operated at a very high sensitivi-
ty corresponding to the quiet circumstances, any one of the DBO’s can detect all the
shallow microearthquakes (depth is less than 30km) with magnitude 1.5 or larger in the
70km (east-west) x 100km (north-south) area convering the central part of the
metropolitan area (Fig.3.12). One of the most important results of the high sensitivity
observation is finding of shallow microcarthquake activity in and around Tokyo
(Fig.3.13—3.18; 4.4), which have not been detected by conventional observations. Detailed
studies on those microearthquakes are expected to serve for detecting and locating active
faults under the soft deposit layers.

Owing to the remarkable improvement of earthquake detection and location
capability, hypocentral distribution maps of high resolution are obtained (Fig.4.3; 4.4;
6.1). The highly accurate seismicity maps revealing three-dimensional features of the
oceanic plates beneath the Kanto Plain made an essential contributin to bring forth the
“‘Unified Plate Model’” to interpret the tectonics of the Kanto-Tokai area (Fig.6.2; 6.3).
According to' the model potentially hazardous earthquakes in the metropolitan area can be
classified into four types representing the fundamental modes of interactions among the
Philippine Sea, Pacific Ocean, and Asia plates. The new idea will provide a scientific
basis for planning the earthquake prediction strategy of the metropolitan area.

Although seismographic coverage of the Tokyo area was drastically improved by the
three DBO’s detection capability of microearthquakes is still poor for the surrounding area
of the capital. Moreover, three stations are not enough for quickly locating earthquake
fo-ci by using the fullautomatic reading of P-wave arrival times. Based on detailed ana-
lysis of capability of the present DBO’s, we prapose to construct four additional DBQO’s
in the Kanto District. The future DBO network composed of seven stations wil comple-
tely cover not only the whole metropolitan area but sea area to the south of Tokyo for
precise monitoring of microearthquake actibity (Fig. 7.1; 7.3). We emphasize that the
facilities are essential for the purpose to obtain most fundamental informations for earth-
quake predication of the Metropolitan area.
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borehole observatories (unit of depth is meter; shadow zone indicated exposed basement).
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Fig.1.7 Geological section and results of geophsical logging. (Suzuki et al., 1979).
(a) Iwatsuki, observation well.



BN SRl 2 —OFEE  Wegs 19824:3 1

SHIMOSA OBSERVATION WELL
Formation dip

Depthim) Lithology  and azimuth S P Resistivity(ohm-m) 5"’(':“""',"':5“’ Density(gr/cc) C;’l'r'ij_"l 3029;5“ dip T!mi?_:')ﬂ'“"
- 020 40(oeq-B9T% 0 200 6080 2 S 20222426 101X 180 7 4 20 40 €0

......

[/A

500 m

P

PP

/s

+]
750-F 0/

‘\’;@,\/

1600 |

‘ .

|
|
|
|

I
4
|
;

;
?

1.7 EEENHOMBHRRUOREESE G - i, 1979) (b) P
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Table 1 Lithology, physical properties of the rock, and noise level
at the bottom of the observation wells.
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r—v v SOARIREEICh-TEA Y FTHEBbN, HIEDOH FAS SESNT
W3 -y SRR (BRE LR 3 -0 ERE T TERKEE OBK TN,
BitEshRAE+SHF T3,

2.3.4 BE.T7-HE
WL, SEORBAEERL, 1 7-RUHy T 1 7 (BHIER o LEERET-
72 (1.7, EiBefth (197 1) ; 88K -Z#E (1979) ; #K-4th (1981) ; BE (1976)] .

24 MAKRE
BAEBEO®NER 2.310R7. UTKSEREROMELLT (B (1977);
Efeft (1980); S GO -t (1980)).

Water leakage detector Gating B8t
Botton detector PressureVesser setting devicer pioed "rbrSLgnaICabJe

Locates
RNk T K}

i The: Agimuth Velocity/ {lexible e Cable i
Tiltmeters mel?r];c Accelorometers Sy Seismomelers body Transmitter e joint

2&E11m 1

l"“ﬂuﬁunmm

-

®2.3 HUEED B
Fig.2.3 Sensore and associated
devices installed in the
sensore vessel.
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Table 2 Summary of performance of the deep borechole observatories.

TN RIS

to3@THD (R2) .

Sensitivity Overall sensitivity
Station Sensor and and
constants ranges recordeble
Twatsuki A three-component X=171v ke Fo=098H:h=057Magnification of
(1978 10. 24) set of velocity 1,100000 at 10 Hz
seismometers Y=1.65 097 0.6 5 24 kine - 10 m kine
Z=180 1.10 0598 for 1-25Hz
A three-component X=161vwG Fo=50Hz 5mgal-30gal for 0-30Hz
set of forced Y =ditto | ditto
balance Z =ditte | ditto for 0.05-25Hz
accelerometers
A two-component X=100 myarc sec 0.01" - 5"
set of tiltmeters Y=ditto adjustable within=+ 3’
Two sets of 02v/T 80°C = 80°C
thermometers
Shimohsa A three-component X=1.8Y9v keFo=0.97Hz h=(0.5 5| Magnification of
{1980. 12, 1) set of veloeity 570000 at 10 Hz
seismometers Y=193 0.98 0.53 5u kine-T0mkine
X=142 0.97 0.58 for 1-25Hz
A three-component X=16.1vwG Fo=50Hz 5mgal-30gal for 0-30Hz
set of forced Y=ditte ditto
balance Z=ditto ditto for 0.05-25Hz
accelerometers
A two-component X=102 mv arc sec Q.oL* =5*
set of tiltmeters Y=100 adjustable within+ 3"
t f
Fop praE 0.2v/T 56°C— 68T
thermometers
|
Fuchu A three-component X=17 1v/kre Fo=1.00Hzh=0.6 3| Magnification of
(1981. 4. 1) set of velocity 800,000 at 10Hz
seismometers Y=162 102 0.60 Tukine-70mkine
Z=136 098 0.62 for 1-25Hz
A three-component X=05vG Fo=50Hz 500mgal-125gal for 0-30Hz
| set of forced Y=ditto ditto
balance Z=4ditte ditto for 0.05-25Hz
accelerometers
A two-component X=100mv arec sec [0 N R v

set of tiltmeters

Y=ditto

adjustable withint+ 3

Two sets of
thermometers

0.2v/C

F2C—85C

X, Y. Horizontal component, Z; Vertical component, Fo; Natural frequency
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FFE LS IIECE5Z o0, HECET3EBIRESHTERS 10 0 5% (1 0 H2) DfERT
BAlTx 3 L5 ic@&it Lk

FTFEHEST (K2.4) GEETTHERAL TS & 20560, BEBHOTESETTE, +
CTHWEOTHNEEMIETE L9, SE MEHD, a40KEey EAR Ak
DL, EAEEMEL, B3B3 PHBRELLDT, 100 CRETLLELE B
Ezi

ACEERERIMR I ENIRTE (K2.5) T, #REWERIET 5 L86 Mg EHELTY
5. SHETHEEIRELTHAL.

(A)

Magnet for
adjustment

position

Springs

Coils

Weight

120 mm

Springs

{b)
0~Yokin
- AN OPEN
- / Ea
A/ TR y
; e e T ”
B _ﬂ’ Pty Sl e _/'w\_,r"'v*’
4 10 K2 LUAD
P
k| A Lkine % )0k
/s
i %
[ P
L L ! L
05 10 10 ﬂ;ﬁbﬁ 50 100 500
Hz

(2.4 F FEVERERHIE (a) #iE (bl BAENESH
Fig.2.4 Velocity Seismometer (vertical component): (a) Structure,
(b) overall frequency characteristics
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2.5 KEBEEANE (a) BE (b BARmEE

Fig.2.5 Velocity seismometer (horizontal component): (a) Structure, (b) overall fre-

quency characteristics
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b ERIET

UMD B, HEZRF I oA E L7 BREE GRS GR) i, 196 7) %, ZUOHES
DEFREFESORELIMERET (GBS 0, 1971) %, ZhAZhEHHICRE L
fo. ChLEEAELLbOTHA Lz, HAT 5 FNENORERIZIINT B fodican Tal
fFL, RELLDOTHS. EEEACEOTRENS L OMEREDT S, o REBATEIRIIC
BYL6D0THILENHS. 196 8~6 9FH, RSN TO3EREENE LR,
Askania fBID DM H - fchs, ZBEER2 0mT, KEEICEIFLYS, 2 LTEETFC
BEZ S ipo fe. 20 TY — FRUNEE 2B, 1087 s— VRERGH4BRS 5 C
Liclfo LT d EHREEMETIC BEBESED 5N, £ 08BR| CSHEHROEIH, &
B(1970d4)) OLDTAHMNMFRTERFEST s Licti-1 (&F, 1970d). &
aidlElgs NS oy P ROT Y D=FTEFLLE LTHELLLOTHES. oMb R, &
TOBEE T+ —IBETREL, 74— Fyy 2 ick0iRTE 0 A d ETHOER
By oERBERINT E. 5B, 2Ty - DL L ERIBSE NG DERELIE 1x10°
radianT, REFOEEFEEFZE (49, =5 IKfT-T5 (X2.6).

$3890mm

i
% 867

R26 HBRET (a) HHFRER, (b HEER
Fig.2.6 Tiltmenter: (a) Principle, (b) structure
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AT HEOENETORLAZENE Lizz®, REMoEEic W TR I ARETS
B (EfE-5f GR) i, 1974). LdL, & (171D 2dEciDEHY
ARG (1 RF2R9) 2L (B wmAefl, 1976), HZLOK FY7
POBL 2 radian AE KEBEZ 6N, EMichbihEetBlllasTtE s Lok~ (MH
« ISR R B BLAAE, AHE- SR8 (1978); (B LAt (197 9); (k-
S C1979); Ek-Ef-f (1980); @ (1980)). CoXRBAMETE
EREICHR LI O EWHOEHHBRAILEE (198 24 3 HELLHRATE) LIRRER
T50T, REOXERIKOVTRSHR, HESNE2bDEEZ 3B,
¢  MEETIRIEE)

WihWp B — ARYNLE S AR IR Ao duE L, EEMICT T S RSN EREA
oD THD., ZORBEREHDORWARK 2. 7iTard. BHHlLE (3000 1= o SRl i
VoTWBREHTEL, MELE FEERINTH 2EBEWKSEBICEN/.fr TOMEH ORMIED
PPRAMOERHORESZOIROLDICE HonTha $ubb, B8 tERAL &
B, ZEE100~200m) RUHIED IET, WEHOREAIMOT L —E8llE LT
DR, 1980), SFEMEEN GB7 ohBAFNEE8%, 1980) OFREICd
BT3B,

Vertical Accelerometer

: Horizontal Accelerometer
(a) 1 Tk eeoms (8} G 7w (& () @)
Y O
S e ERH ek

1

Lk TSRS
5| BRI Rl

YuEi g sbime s

b

Wl o o we
| -
351 1\"%‘”[ B ;
1w AXH, AYH 1w
i . L . GATN
34 1w VY- e ad = vy 1@
.
5 45
uwir LI
1 “\PH.M[
PN ‘\‘ a0
L]
\
\
\
ol i L L P G bt v i IR Lo $ P
005 a0l 1 s 5 0L 0 55 1 51 50

05 ;
FRECUENLY [He) FREQUENCY (W2}

2.7 TEERNIERTOa) #iE, (b AT

Fig.2.7 Accelerometer: (a) Structure, (b) overall frequency characteristics
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2.4.2 wBhtRHES

BRI TH 5.

a HhiEt

EREBATIIKEHRS OO EOBEILIEL L) CRERRERE LTVS (5B - Si5

CR) +fft (1971); EHupsKRlEEHi+»9— (1977); EiE-S#H (1978)
; R SR o fih (1980)). LaL, EEHcEVTE, BEEHETEFOLINT &%
THTLENRETH 50T, HMENEOKFHRAIORESNFRAET S HEEEAL. Hik
LLTREYEZ N2 EEhdh, BEMCLEHTREBHO O ZERC LTHEL
fe ZNERHEIOERAERTF v v vA- s TRIET S ART, BERHAD 1L7100TH3.
HHEGRZBIFTH 5.

b BERT

LODRERIEE Z 12/, HWKENLTRHIEST 22 & &, BRIEENICERS X OBRED
HHLERPS HUEEROREEHABME L AER, SETOFERICHE S 282K
TR ARE L EFBRER01CTHSE BEREMDH- B, BROw 2 RiAAE
NTWA, BB LK 0. 1 CABTELAEI Shf3 s v

2.4.3 HERWMEZ

BRAKEDORBER VG| & LB ICHELS BN TH 5

a F-vvyeh -t

FEch, BAREEOBAFhOLE (B 2RELCMETIEBTHE. r—v il
ImticEmeBIc L DMINTED, HEHITR 2 bmDMENH 5. RERITHE H DA
BETRELCRET 20T, KABOOEBEENESE, ZOMI2 4 v25RD, #EFH
WRRFOMIBOE(LiIck D RET 2FEEFHERET 250 (K2.8) THA. HHFEIY
BN THB,

e P 1
[ " |
i voREE |

_4;‘«,\&-__ S '\-{‘“\J\vﬁ e A,J‘ e s
| I
H \ |
L i( l||

2.8 7 —v v 7O#MBEECCL TR, 0HL-ERER (B m)
Fig.2.8 Recored of the casing collar locater (CCL) detecting a joint of the casing pipes
(laboratory experiment). Unit: mm.
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b HEKHES

HEE SHRICE WL EEFMNE 50T meD IRBDESENT.

¢ KiEhERHER

0 v /OARLELGRE ZHWKORALZRNT 25RE T, MEFEORERICGRT S
NTH5, FHIFREIRIFTHS.

2.4.4 WEFHETH

it RS HE T — > Y YHEIC L > D OEET 20060 TH S, MESRD
B RSB E ORI EEFIHEICA S L 5, E1o, My - v 7o#E R (2R10
mMNIT 2887 oD &b 2 0nMn 2 L) CMTEERICEB L CHS. MY4BETH-
7S, MHEBSRICAIERARI Tho 5 ~6 6107, HlEE, EEWIV SV E-45T3
AllcREECE DT AR TH 5. BRI GBS THERMEr — v v FHEICET 5 X 5 73h
EICE 2T A, 4E, MEAERCEEMESNOIL, - Y FIC—BORAL L HTK
BICi > T B, 5l & LIS, »ovre—9—ickb, BEERZESIEALBRBICT>THA.
M ATHOESICE, MEREEEL g I3 ey PUNTEERIZZ 7 77
125, 11d, DhicE y RiEFESMTEHTO.

245 WE FH

AEIE1400mT ORIy — vy IAEEEECEBRUELELSNOIRAETS
%5, WEIZ2 5mTH3 I ORSFMEAHLHE/A@mc MG ERTSE, 2, SEk
CRY BIKBEEER S DGR & 37Dt BER/NROBETH S, HEREABRIOR =
7 v Laflic Lic. SRR T TREARZICKELRT 2MERRERBOBER, 4f)
2L hhoT, ROBHOR 0) ¥ 7& Lk FHEEIBIFTHS. ARE90.0mT, W
BENABBBOAr —2ORAANETHH S, REZEWHTEINI 0m TH 7205, TR
CFPHTIIN 1 mTHE, EREFHPE AR O Finic afgEsiE &g 7. BEuIERETHO
MERBEE L >0 i — o v 7 ICEBE T 5720 C, WHERRIBRIFTH 5. TOa#E
FiZ0.5" T, A LTHUDENKSOEDICE>TH S,

2.4.6 fE545—7 LERD

BB OR HETES ¥ — 7 OASEREMERBICEET 2Ma L, FE5RENESSE
WL BT A 5125 (B ARF-fth, 19709).

a fE54— 7 EES

ROBEP S B,
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(1) s EE &
MEFRRLIHCSH 0, F8s — IR ATE AR ICHREICEET 285 CH 5. BIE
BOEMESEL, M+ — T8 (AEEES"EDY) BT 3.
(i) it FE AR R b
AELREEROTEIZN G t DIRATEN T BHW A0 b CHESBICESINTNS. T
N3, F—, MEBTES DA T, ZOFIEBUPEREE 15728, COHSHORTERE

VoML TES 7 — 7ud Rl L, 20& &, BIEFESER RS, MYHEIEL,

2y FERICHESRICS VWAL @EE2 23T, Z0ENEENBHTH S, 20 7-HHIE
Hes PRI D2 M ->TW0WE (AE9 8.4m) .
(i HErE®R

Bl b SIS 0B, CRATHE BSMORVH IO L2 T 3700 6DTH S

LN LECHEEESMESRICRUVIATE, MRATHEASRMRUE LTV 3 &AL
TERFIKEPLE L 20 6H 0 b DT, MABERERBOLVER (8- 56 B -
fis, 1970) POHELALLOTHS. £, BHBHLELROETE, KEF—r— £~
MEPWEE, MEEHEOKEIHFES NI T A CHEL COERIIE-THS

b (5 SHEHERHT

i EE R U 7o DR ST E BaRNICA B Ch . F— KEOBEEShLBEDC
EEEEL, _EiclThs
(i) EEHKEEESR

IKEEEHOE—ET, MBOBRWEMEFELT 7o v FFP b NkE 7 —v—%
=W FTHH HELZDESDEORERL, SHENERSEEREL
(i) {55 ERiREE B if

IKEEBEHOBE 2 BT, MBHAN—AF9 7+ v A EARBRELETAEHIKELE O
ThHb 57— 7T VOMEBHBOEGHETHTLH 5.

247 MEEE

WEREE I H ) DOk, BB E BREOBHM LTS

a  {miEEh

B57 — T LOUEHERNRBCE £, D, ROEEBICL->TEBORESETsw
Bwicdic, BRHEL SORNESOLERELLE LT, L OARNEBRAOK, Mth
AL LTHRFOER VDY, MM SDUEWFMERSLAFA LK (R3). X340
~128K Hz: D% 8K He DREIBT 1 2HE D (B , #hFhoZEHFEL+2.5K
Hz (ANJE500my ) lItdofe ZHSICHVAB T GET—MEEOLDOTIZO 0CD
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Table 3

Specifications of the signal transmission system

for the deep borehole observatories.

FMZA (T ##) PCMALRK (Rf & 3#)

® = 5 & T FE 4 )T FMAEX FUsnEEL PCMAL
% R B 30~120KHz 2oy R 69.36KHz
(E##:40~128Hz) Hu ) v TR 24 0 Hz
[EPFR=H: 2 1~3ch £ 25KHz | 8ty k¥ 12Ey b

4=~=8 g 32
(5#H 1+ 2 5 KHz)

KHz

24ch

F oo v a B | 24chi8chx IRH CHRITL 2 ch x 2FR#0) |

A A®MFE| EBAN 0~ 500mv EEHY) 0~+1v
o ) DCHHN 0 —30Hz (30HzT- 3dB)
- ]
& ACIhtH 03— 30Hz (30H2T—3dB 0.3HzT- 3dB)
# | @ BE | BERF LE /TR LN, BEMEE - 2%/ Z0R5—0 A
* |~3¢h —50dB

28R p—= - 50 dB
] 4~8ch — 4 04dB

1~3¢h 504dB

s N H 6 0 dB

o 4~8ch 404dB
) RX BB BHL 5.8v (BEH+50v) WX - BHEBHE L2y,
o oW # :
T—4%-B24v T—4-H24v

RIEMCEBWTESESIZEL, BEEEOMTBF (Mean Time Between Failures)

10 FEEHEELT, MISORET&ETOBEE LT - 12
HEEEAP#EOZ L 0 (K2.9).

COBRRSEHEEORERTHS

i EKEM T LEE 1 2 5 CRHAOHHS,

5 LS Erdagakd

T 2
x
= 104 M 4 — 7 B8
al
g X
= 1 Cus
E 10
;i’&iﬂ/il\_'_tiﬂii
10 %=
10
X
XX
1 A i { 1 s
10 10 10 10 mFpkeR

RFE (1)

2.9 FE@HNAREEEOMTBFOSRTEE (56 5 , 1976)
Fig.2.9 Designing value of MTBF adopted for the signal transmitter in comparison
with other devices (M. Takahashi, 1976).
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FHBHEAE TR OEIRICLD SR T TEREEEEFER TS5 605 HEL THVWA L
EL7 UL, EESAZTXRLCHMTBF 1 0 FOBEHERTE RO OT, BERELREIC
FEBE 3 FETEERMEE 3 R LMERE 2 A BERETENS LI Ll Fm
RDEBDTH B, BRAIMICEHEOBE ERE L T0avD, BIEESRTOLD 5SS R
BIF (HRICHEBE 1 Clicllid a2bohtha. TORRIE, F72-+HCMITE T
WS T CEUSERHT A U7cln TR/ RBR D, SiREE FTHRE T L, 3l EFRo
IRfEts & ORI THRICVW 20 DE 2 TH B £ 1, Rl hORBEEICESSRD, B
DERE B L BLABRPEL TS GEERIP . EhoRERERCITRENTEE
BUMRET O B (53 3 Wy BRI Az T 2 Z LIt - TW A08, ZhERLIEED
— RO/ NREERIZ 0.8574TH 5. LbolEER, Y3 COHERLL Ficsd L Toi
BROE, SELz v V=7 ) v FEFLON— I EDL, RTOECEAMAT ST E
Lk, BEEEAGEEROMEL CTE A #oXrh OEEEIRE B0 R (318 A ot dic BfR
H3EEbLND SEROTROBERCZ OBOHM OEEEEZ, 2 EOHBRERT, Kt
H6 K AP CM (Pulse Code Modulation) jcZEeE 7=

FMAAOSS, HIEHEERETHREARL, N vEF 5250 7 TCRELTOELH,
WA HEOHMAME DSV, PCMARTIE, ZORESHY Bhinicy, E8y - 7 L0%E
BRILLY, EXBEBASEZ SNEDT, 2kmifHHe 3mBEHTREEREMCHILD DE
MECD (SfF GR(1976); & G -t (1980)).

b ilE - FEIEE

[EE SO RS, MHBOBRBEHEE o—91) — 24 v FTEMNBT & T BB ERIEL ER
BIFTITD. £/, M NTREBEHEMET 2720, 74— Ky 0 R%2 6 HEBRENS
D, rTEs v CEBH) . £5.8v (T#H) , £12v UFPH icdl, £0Eh0.1
FBOEHTEETH 5.

248 #BA-H@RTL

BHiEE & EROBO M IR EHIEE SR ER 2. 1 0ITRT.
a FMAR

HEMHEAOS M+ I v 7 Ly VRIEVCOTERHEORT1 0 0%, 2 045 4 {5805
D3 Lz, G IMEERH 166 0% (Rt 4 0% SEEIRD 2 L~auig, ERET
TR E 175 D bODiT, BRSESTNTNN LTEFARICESNS. TS INAT,
BB 2 iy LFRERAOEREHNES, n—5 )21y F () MEREIETIC
SR E—F (R MEREESOL2 4 F + YA VOESHIT hoMEs N5, ik
Tid, WEEEM LML Y, EREE HESAEL T yES DB RS T — 7o
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Fig.2.10 Block diagram of the signal transmission and controlling system. (a) FM type
used for Iwatsuki.
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(Takahashi et (1 973); & K (1976)),
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F— FEEI I P CMEBEZEMIC 1L, PCMO s oy 755/ 1 Lo&E 2045 #H
LTWa, HEALLTEn -9 ) - 21 9 FERED CE—9 — i 1.0, HIEMESHIZ 1.0,
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2R E—SEREHIZ 2.0 (F2.1 0.bDC CL LKBNERGH) 2V 5. BEMZ
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Fig.2.10 Block diagram of the signal transmission and controlling system. (b) PCM
type used for Fuchu.
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1978-March 1979 (Takahashi, 1980). Data at IWT, SHM and HRM are exclud-
ed for the top figures, and are included for the bottom figures.
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Fig.4.4 Hypocentral distribution of microearthquakes projected on the eastwest striking vertical
plane along 36°N (left) and 35.5°N (right) for August 1978-March 1979 (after Takahashi,
1980). Those shocks which are located within 50km to the north of the vertical plane are
plotted in the figure. Data at IWT, SHM and HRN are excluded for the top figures,and
are included for the bottom figures.
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Fig.5.1 Typical wave form of the *‘P-type” microearthquakes which occur beneath the
northern part of Tokyo Bay.



EFEHHNT £ - TG D S 47 B 0 U NIEFREI ORI 2 W T — S48

512 R &S

PEMUNMIZEDS — PRI EHATE.0~6.28, TEFTLHE, HbHTL0L0.5
HEEEL fhd | PEOBBICRESINTVWA, L RERIEIEL T, S— PR
RIEEAE0 IHEEOLEFH LTSS, BOTCREINZIRETCENLERELTVEI L

Bt TEH

ZOEIER6ITTT. FOREFEBERORE VDI T LEEE

STWIIWA, B6.212FRd LD, BEALDES HEELSTHD. TOESIF20
~5 0kmDEFHIZH b, BEMAFOZ NE TOHEME TRENIEORE LTSS S
TR (4.401 40" EEME KET3R0VHETHA.

=6 PAMNEEBRREF (1980829 A1 ~2H)
Table 6  An example of observational data of the P-type microearthquake
swarm which took place in September 1-2, 1980,
& i T % 53 2
3 & 4 P # 8=PR PH |S-P P S—-P ﬁ(M)*g
1 23 40 | 40.0| 5.18] 39.5| 4.4 5. 08| 1.0
23 42 | 0 L1 | 4.9 59.6| 4.4 4.9 0.8
2 00 02 389 5.0 3 7.6 4.4 4.9 2.8
00 07 1.0 5.0 9.7 4.4 4.9 2.2
00 10 54.7 537533 4.4 5.0 1.0
00 14 129 5.0 11.6 4.4 5.0 2.8
00 22 14.2 4. 4 4.8
00 23 9.8 4.4
00 29 | 39.4| 50 37.9| 4.4 4.8 1.0
00 32 4.8
01 19 5 B2 5.0 247 4.4 4.9 L.1
02 23 4.7
07 26 318 B 30.3 4.5 0.4
07 53 Z 1.8 5.0 261 4. 4 4.9 1.2
07 58 001 4.9 587 4 4 4.8 2:2

®5.2 PRMNIEOERSGH
7 (=t (R . 1978)

Fig.5.2  Epicenters of the ““main
shock™ and the P-type
microearthquake swarm
for Case 3 in Fig.5.3
(M. Takahashi, 1978).
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Fig.5.3 Time sequence of the P-type microearthquake swarms.
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Fig.5.8 Relationship between magnitudes
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microearthquake activity (solid cir-
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Fig.5.9  Inshimoto-lida’s coefficient m for Cases 5 and 10 of the P-type microearth-
quake swarm.
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Table 7  Statistical check of the temporal correlation between the P-type microearth-
quake swarm and the ‘‘main shock” under the assumption of stationary ran-
dom occurrence of earthquakes. Q is the probability that n or more cases
among the total number of the swarm (m = 10)are accidentally followed within
0.1 year by at least one earthquake of the corresponding magnitude range.

FTEO= IS =Fa2—F s q m n Q
3.0 LBk - - 10 10 -
4.0 ” 3 4 0,967 10 9 0.9 6
5.0 # 3.8 0.316 10 5 0.18
6.0 ” 0.6 7 0.065 10 2 0.16
7.0 # 0.1 7 0.017 10 1 0.1 86

s, q m, n IEAXER
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Fig.7.1 Proposal of the deep borehole observation network for microearthquakes in
the Kanto District. Solid circle: completed deep borehole observatory. Open
circle: proposed location of new deep borehole observatories. Dark shadow
zone: area in which earthquakes are expected to be detected by five or more
ovservatories. Light shadow zone: area in which earthquake are expected to
be detected by three or more observatories. The detection areas are studied
for the two cases; (b) M=2.0, depth < 100km.
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Fig.7.2 Severely damaged area (estimated
seismic intensity is 5 or over by the
JMA scale) and estimated epicenter
(center of the circle) of the 818 Kanto
earthquake  (Hagiwara, 1972a).
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proposed (broken curve) deep borehole observatories for the sea area off
the Kanto District, and off the Tokai District.
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