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Abstract

Microearthquake observation in densely populated Tokyo metropolitan area have
been continuously carried out at the bottom of a 3,500m deep borehole at Iwatsuki since
1974. This station was constructed to overcome the difficulties in high sensitive seismic
observation around Tokyo due to the presence of soft and thick sediments which overlay
the basement rocks as well as the enormous amount of artificial noises caused by
abvanced industry and heavy traffics. Data accumulated over the past 15 years have
revealed that precursory microearthquake swarms emerge at the depth of about 20 km in
the north of Tokyo Bay.

Eight precursory earthquake swarms were observed for 6 years since 1974. In these
cases, earthquakes of relatively large magnitude occurred in the southern part of the
Kanto district within a few days after the earthquake swarms at the north of Tokyo Bay.

The frequency distribution of the daily number of shallow earthquakes observed in a
13 year period since 1974 shows a small peak at the frequency of seven to eight per day.
The observed wave-forms in a series of earthquake swarm quite resemble each other. But
such a simple similarity does not hold among the different series of earthquake swarms
or the isolated events in the same region. Fourteen earthquake swarms have been
detected during this 13 years.

Earthquakes with magnitude 5 and larger, which have occurred within the distance
of 150 km from the north of Tokyo Bay and at a depth of 100 km or less have been
thoroughly examined. As a result, it has been noted that large earthquakes occur most
frequently within 50 days after the appearance of the microearthquake swarms at the
north of Tokyo Bay. The focal depths and the focal mechanisms of these large earth-
quakes indicate that they occur in or around the boundary of the Philippine Sea plate.
The change in the stress state relating to the relative movement of the three plates, the
Philippine Sea, Pacific and Eurasian plates, is considered to be the cause of these events.
Through these observations and findings, experimental prediction of some large earth-
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quakes has been successfully conducted at least for five sases in 1974-1979.

key words : Earthquake prediction, Earthquake precursory phenomena, Deep bot-
ehole seismic observatory
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Fig. 2-3 Depth of the surface of
pre-Tertiary basement
(suzuki, 1983). Contour
in meter.
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Table 2-1  Station correction for travel time.

No | # @ & ﬂgfﬁh ?,;,fﬁ (f) A—B  |AT(P wave)|aT(S wave)
1 IWT 3,500m 2,900m m 0 sec 0 sec
2 SHM 2,300 1,500 0 0
3 FCH 2,750 2,000 0 0
4 HRM 500 3,000 2,500 0.55 1.73
5 YFT 3,500 3.500 0.77 2.42
6 YSK 190 2,000 1,810 0.40 1.25
7 MOR 900 900 0.20 0.62
8 YKI 140 1,100 960 0.21 0.66
9 ICH 150 4,000 3,850 0.85 2.66
10| KTU 2,000 2,000 0.44 1.38

11| MIN 0 0

12| IWK 0 0

13| AKW 0 0

14 | HHR 0 0

15| ASG 0 0

16| YST 0 0

17| OHR 0 0

18| TRU 0 0
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Fig. 2-7 Tipical waveforms of the earthquakes occurred in the northern part of Tokyo
bay recorded at the Iwatsuki observatory.
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(daily number ; 1974-1986).
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Fig. 2-9 Frequency distribution of daily number of the earthquakes in the north of Tokyo
bay. (1974-1986, ranning average of two days)
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Fig. 2-10 Waveforms of earthquakes which occurred in the northern part of Tokyo bay.

Number corresponds to that in Table 2-2.
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N )
154
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5 54 5
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F2-11 #EHF 3 SOBEFEHE (G14) O S-PRH O X =240
IWT : &#, SHM : 7§, FCH : i

Fig. 2-11 Deviation of S-P time of the earthquakes of G14 which observed at the three
deep borehole observatoies (IWT, SHM and FCH).

Y4 S-PHEREOHEIEIZ30msecANICAMEL TWwa, 20 i3, ABRERE2 T ERETH
i3, BIFRBROESD 2200mEE L2 L2 RLTWS, —7, 1979F 7 HORREILED
EFMBEEIC O v T, Tsujiura(1980) 13300mBEE O BRBOL Y 2E 2 Tnw3, Lo
&5, EEBIHMORREER, FERICRVUEHNTERL TW2 LEEINS,

iz, BHFEBBOREBRFOER 25 2 5729, 19774 % TlidSegawa et al. (1988) 0 7
—F kD, 187TELIEZENLRBFEEM 2y —DTF -5k, zhEhRD SN
HEEBIOBRSAE, M2 121077, ZOAMIIERBIMORAKI0km, FElL25kmd
BRCES L, BEOERIZ20~30kmiZRH 5N TS,

2.2.5 HREILEOHEESED b {#

AFETHRRE LT3 HEABILHOMEL 512D 5 b, AR OBEEIC S £ 15 8
L, 20O b DIz > TO/LZ OFEFERESHA M 2-13(@) icxd, Zhicinid, B
RWBICETAHMEIED =074 %D, ThERIMOBRENTHBOD=1.13LtE12 &
BRI Z-oTWS, FWER2XFIEFCbEE2RKDL Eb=1.00% 5 (X 2-13
(b)).

Wiz, MBS ERMBEFHUAORLZ T OV TRD EEEE A 2E 2 -141C5
7. EPlcE s mEE, BIDG 608 HED, 20ERED L 09 F & EALH
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x:2-2 WHEBIHO 77 b L thER
Table 2-2 Digitalized earthquake which occurred in the northern part of Tokyo bay.
N | YMDHM S—P Group N | Y M DHM S—Pp Group
J 86 02 12 00 14 5.08 32 | 77 05 29 07 18 5.28 G4
4 8 02 12 00 16 5.0
3 86 02 11 13 48 5.0 33 74 10 18 01 17% 5.3
4 8 02 12 03 12 5.0
34 79 07 11 22 55 5.3 G8
5 75 07 26 04 38 5.0 35 12 07 37 5.3 U
36 14 35 33 I
6 83 07 01 08 14 5.1 37 20 28 5.3 "
38 20 58 5.3 1
7 85 02 10 05 20 5.1 39 13 02 59 5.3 "
40 22 11 54 5.3 "
8 83 06 27 22 10 5.2 Gl14 41 25 02 23 5.3 1"
9 22 85 5.2 " 42 09 27 5.3 "
10 22 58 5.2 " 43 11 22 5.3 "
1 22 59 5.2 " 44 12 11 5.3 "
12 23 03 5.2 " 45 30 10 02 5.3 4
13 23 05 5.2 " 46 10 56 5.3 "
14 23 25 5.2 " 47 10 58 5.3 "
15 28 01 51 5.2 " 43 11 44 5.3 "
16 29 17 55 5.2 ) 49 31 02 20 5.3 "
17 21 40 5.2 " 50 02 22 5.3 "
18 21 56 5.2 " 51 08 02 12 39 5.3 "
19 21 58 5.2 U 52 03 14 10 5.3 "
20 | 80 09 02 00 10 5.2 G10 53 | 79 08 12 20 33 5.3
21 00 17 5.2 " 54 07 23 12 00 5.3
22 00 22 5.2 " 55 84 10 23 21 48 5.3
23 00 29 b2 " 56 21 49 5.3
24 01 19 5.2 "
25 02 23 3.2 " 57 80 03 22 06 47 5.4 G9
26 03 48 5.2 " 58 08 02 5.4 "
27 07 53 5.2 " 59 08 19 5.4 "
60 14 25 5.4 "
28 75 07 30 10 12 5.2 61 23 01 47 5.4 "
29 11 42 5.2
62
30 77 05 29 06 11 5.2 G4
31 63
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No | Y M DHM S—P Group No | YM D H M 5—P Group
62 79 11 19 09 52 5.65 84 82 11 22 06 56 5.98
63 | 8 01 13 14 58 5.6 85 78 04 03 04 04 6.0
64 | 83 01 01 22 55 5.7 86 77 12 08 13 23 6.0 G5
65 03 19 59 5.7 87 09 07 29 6.0 "
88 11 44 6.0 "
66 83 04 23 17 26 5.7 89 12 52 6.0 "
90 13 45 6.0 "
67 79 11 25 23 58 5.7 91 14 15 6.0 1"
92 10 23 40 6.0 "
68 80 04 05 07 27 5.7 93 11 22 21 6.0 "
94 19 07 26 6.0 "
69 | 82 07 25 17 21 5.7 95 07 35 6.0 I
96 07 50 6.0 "
70 76 05 08 21 44 5.8 G2 97 25 16 46 6.0 "
71 23 05 5.8 " 98 30 14 54 6.0 "
72 23 06 5.8 " 99 78 01 03 13 31 6.0 "
73 09 05 05 5.8 n
74 05 30 5.8 "
75 21 28 5.8 " 100 | 82 05 19 15 24 6.0
101 20 09 30 6.0
76 77 07 24 14 18 5.8
102 | 78 11 16 13 59 6.1 G7
77 77 07 26 05 46 5.8 103 17 04 44 6.1 "
78 05 48 5.8 104 20 20 59 6.1 "
105 21 13 54 6.1 "
79 | 8 05 15 13 13 5.8
106 | 80 09 10 23 36 6.1 G11
80 84 05 18 03 05 5.9 107 11 03 22 6.1 "
108 06 40 6.1 "
81 77 06 27 04 47 5.9
82 | 81 02 31 21 09 5.9 109 12 00 03 6.1 "
83 82 110 | 8 07 31 16 38 6.1
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No. Y M D H M 5—P Group ||
11| 74 04 22 06 20 | 6.25 | G1 | 127 16 12 | 6.2 y
112 08 11 6.2 || 128 18 49 6.2 "
113 30 00 13 6.2 v
114 04 41 6.2 v 29| 107 17 02 14 6.2
115 16 21 6.2 |
116 | 05 08 06 06 6.2 v J130] 81 03 12 12 03] 62 G12
nz7| 08 54 6.2 v |13 12 04 6.2 "
118 15 56 6.2 v [ 132 13 14 6.2 "
119 16 04 | 6.2 v 133 14 03 | 6.2 "
120 16 17 | 6.2 v
121 09 03 43 6.2 v | 134] 81 10 17 04 42 6.2
122 10 28 6.2 v
123 23 04 | 6.2 no |l 135 ] 81 12 24 21 24 | 6.2
124 10 07 54 6.2 v | 136 22 48 | 6.2
125 07 54 6.2 "
126 1145 | 6.2 " 137 81 07 14 12 22 | 6.5
i T 36.0°N
IWT
X
X SHM
FCH
X
- -135.5°N
I
139.5°E 140.0°E

F2-12 FEABHOERSHEEES N 56
Fig. 2-12 Active area of earthquake swarms of the north of Tokyo bay.
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Fig. 2-13 Magnitude number relation in earthquakes in the northern part of Tokyo bay.
(a)black : swarms, white . sporadic events, (b)all data.
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Fig. 2-14 Magnitude-number relation in each earthquake swarm.
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Fig. 2-15 Time sequence of b value of the earthquakes in the north of Tokyo bay.
black : obtained from earthquake swarm contain more than 30 event, white :
less than 29,
bl I b-value obtained from all event
b2 I b-value obtained from swarm event
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ELHIZbEIR0.I[DEEF I/ & W, i, 1977F12HAD G 5 12 #MEHA45T0.52, 1979
F£T7TADG 8 IZHEHBITO.63L, MBROSWLERLIEENIZ L bED/DSWERDH 3,

BlED & 5z, ReBEitSomBEe Tk, FHERFO bEIc L, BAMEEESRIZHS
DI bEANE S 2D, B, EESHENEFEH TR IS T/NIREE R A ERDDH B X
¥, Suyehiro et al. (1964) 2345H 3 2B HEBREZIT 515,

3. REEALBOMRMRER & BLOX X LRRE & OBE

RRBILMOHRMBEERICS ST, AUt THERABEEOR S 2HENRET 2
LB EMR, ChETRAEMBEIATVLS, E3-113, BHAEMBESH -3 sfsEL
oM 5 ROME L OBE R, RRIITRLEFITS S (RIEGR), 1978, 1982).

TR, Biodrt Lok, EREIEicEd 5 18 7TEM EORREEE N, Bl
DOREEHMEBCHL, &EA978) DL 5 ICHIENICIRES O, oW, KREZHEOR
ELZUTEHL VI »ZF LT, BENsHRNE2Z 3,

X 1976.6.16(N=36) D32
M=5.5
10
—JUN 5 oI5
1978.12.3(N=21)
- M=5.4
NOV 15 20 25 30 DEC 5
DAY 35 30 25 20 5 10 5 0

[3-1 HEEILEoREMEICS| ks KX HENREE LH
Fig. 3-1 Time sequence of the earthquake swarm represented by daily number of shocks
and occurrence of corresponding major earthquake indicated by an arrow.
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3.1 REEISBEIOKX & LHBOREERR

¥, ERBILEERO SR HEBEESRI 2, SRTHEARD T —FicETE
RAELTHSD,

HABI SRR BRDIZIZHLTH S (35.6N, 139.9E)2FAICELD, 2206 E
150kmEAPY, BIROE S B 100kmEARICRAE L HBZ2EEZ2OWNRET 5, ZOKERNTI974
519865 2 TOIZEMICFEE L oM. 0 LOHIER, R U Z s o5tE S M5 5AMEHE
BIOEFIFEEERE, £3-1WRTIIEH 3,

wiz, ZOMBOFRERNEREAWICRTHS.

A RCARE S B O M R R C xBTS R,

P(x) = (1/2!) (St)*exp(—St) (1)

TEzeh3,
ZOEME, tRENICESRS1ELEI 5% R,

P(0) =exp(—St) (2)

TH5.
LizhioT, BARAOHBESKINIIC S » FARREEL T LT, RN Rk
b 1 EOMBIBRICRET 2HEEE,
g=1—exp(—St) (3)

5,
*3-1 B = 100km bk O B A LER &> & 0D BESER] 1 M%7 (1974-1986)

Table 3-1 Number of earthquakes which occurred at various distances from the north of
Tokyo bay in a period of 1974-1986.

A <30KM | <50KM | <70KM | <I150KM | < 200KM
JYUMBR |\ IN/YEAR| N |N/YEAR| N [N/YEAR| N |N/YEAR| N |N/YEAR
>4.0 |56 4.30 |117| 9.00 [183| 14.1 [680| 52.3 |869| 66.8

>4.5 | 18| 1.38 |33 2.54 |43 3.31 |213| 16.4 [281| 21.6
>50 | 1| 0.08 | 9| 0.69 |16 1.23 |80| 6.15 [109| 8.39
>55 |0 — | 4| 031 | 6| 046 |33 254 |41 3.15
>6.0 |0 — | 3| o023 | 3| o028 |15 115 |16 1.23
>65 |0 —|o - |0 — | 4| 031 | 6| 0.46
>7.0 |0 — |o — |0 — | 1] 0077 | 2| 0.15




SR TRAE T 2 AR E — SR

0aF

c.onr

R L L L L n L L
0 04 0.2 c.3 0.4 0.5 0.6 0.7 0.8 0.9
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Fig. 3-2 Occurrence probability q of earthquakes in a period t, (year), for various
magnitudes, A <150km, H<100km.
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TEAEIMEL D, FHRVBERELO26OEEZ S, 22T, UTTR, Zo@HETHAL
DBIEBOEBERDL I L LTS,

3.2 BRWBEHRIEROKXZLHBORERR

EREILHO 1 Y0 TEUEOREMEN, AIoNESHEBCNL, AENTHS
Yo nErfing i, KR OBEMBOFSHEGE 2HEHEL LT, ATEIB0EMICDWTM
5L EO#EASI0ERM S LI AERKAE L 2R, UEIOHKEEIIODLTEELL,
H3-3(aicoEErRTs, BEREHOH L0AMIC1BEOHEBMNERIICIML,
OB TRMENES D EAMH L, IO LiF, RREIHOFREMRERL, 0
EBORCEEL-BLOKERMBOBEICL 2D TRE L, ©LARELHMEBEORBERN
RERTHEIEETHRLTNS,

ZOS0HLAOISEOHED Znicid, 1 r AURCELL TR 2HAEESHXHL 720
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2
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2.
[ p Sik [1 ‘II_]F'IJ_T]
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3-3 BHELCHEEHEROSEEL LL0E I tofiEgtEMe s 2MLL EOHE
OFEER, FRERE
(a)A<150km, M>5.0, (b)150km < A < 250km, M>6.0, (¢)A <30km, 5.0<
M<4.0

Fig. 3-3 Time sequence of earthquake number (in every 10 days). The origin is set on
the day when remarkable swarm started. The shadowed portion indicates the
number of aftershocks.
(a) & <150km, M>5.0, (b)150km< A <250km, M>6.0, (¢) A <30km, 5.0>M>
4.0



FHBALE TR T 2 AIEREIRE AR — BRE
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E3-4 1H4~6 0T HEEEH 2EHE L L TRERK
Fig. 3-4 Time sequence of earthquake number (in every 10 days). The origin in set on
the day when small swarm (4~6 a day) started.
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MEBEFRAEEBES DR WIBEE, hCilBELTRETIAIOAS S HE L OHERR LR
WHEERLTWAS,

Wiz, ZOFRHMEIEEEROALAOEMIcERL T iHEBIZI YWY, ZOKNEEHAE
LT#s5,

3.3 HAMBEEICS | XROTREL - KELHBEORHE

B4 3 -5, EREILHORERMEFREHRI0A A HEE L 72M5 UL ELOMEBE OB R %
BATERT., CheoOHBORERREBMEL TA LS,

BRI D 19774 6 AMS.50 8 (1) 13, [RFFMER(1977)1C & - TRERHE & 3550
LM BORBEERRO SNTHS, ThIE, 74 U Y 7L — bR o
REMEEL TR THEEEZ 5T\ 5, (Ishibashi, 1985 ; %5, 1985), %7:19834 8 H
W2iZ, ATECOMEE LTIV BT IS S EEM6. 0D HI S (2) A0 % 72, & OHIE ik FRIET (1984)
PRELTWS LI, ABGIA—FEROETENHER DA NIA 7R v 7OHETH
ZOIEHL, ZORBEIEAEENHOENBE L2k r, BCBRIELTT. ZOMEA,
74 VEETV— ONTERICEEL TR I 27D £ 2 5RTw 3 (IE, 1985).
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£ L7 KETHEORESAR
(A<150km, H<100km, M>
5.0)

Fig. 3-5 Epicenters of big earthquakes
occurred after the swarms in
50 days.
£ <150km, H<100km,M >5.0
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Shimazaki, 1982). 19784128 ORI AREITEEOMEMS . 4(5) 13| 5=@ O FFFEEFH) 1
o TRAL GEm - i, 1979), 2O LG & oM (KRIT, 1979 » 5 EE &L —F
HOANIAZAY v 7ORELrE2 55, FOEX20kmpr Sl 7 2 VE Y7L —
FAOHEBETHS.

BERPERERERMIZIE, 197978 H(6) L1980 5 H (7) 1z, L 1 icM5. TOHIBESI X T 5,
IS OREE, FEEF(1986) IC ki, FIEVERE, BERESTZERNCHETH 0
HHEOHETHD, WInb 74 VEYEBILr— b ERXTFES L — FOBERNITHEL
Thd,

FORR IR 19804E 9 EM5 ADHIBB) X 7 4 VE VB L — b PR TR S LIEHED
WETHY, 2ORAICEE TERPFEOME.IOMENDE, 74+ VESEBFL— b LKA
FHEFL—MROAZA POMEEHEZ 505 (G2, 1985).

1977 6 HOBR Y EBFOMEMS. 0(10) ZERVWEREEMNERCREL-5BD 1D
ThD, IR N—7DAh =X 50, BEMELU L2 A T4 7G2S DM
WiBTH5 (B, 1985), %7, 19805108 OHMBMOHEMS. 1(11) 13, HREBB %
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Fig. 3-6 The ratio of number of the
corresponding earthquakes
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S 2B E R - b0 5ETRSL, EXSEENICHE L 2B (TEY) L5084
WOHBOR(EB) DamER 3 -6 IR T, HRBIEORMLUET, ColEIF I L
Dibh B,

S0HLIWIZRA L 7z i D iz id, £EOMBER BT, REEND L0 0D HE
FNT WD, YHIZEROMBIEEE AT W 2 EHBH LA Ty 5 (B4, 1976 ; B0, 1984).
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111926 7 17| = & - —E — kM — 1

8 3| THEBEHDH| 35 15 140”7 00 20 6.3 5

201928 4 11| = & — — — — 1

5 21| mEBILER |35 36 140 18 60 5.8 5

301929 7 15| HEEBEILE | 35 36 140 03 0 3.7 2

727 IR BEE|3B 3 139 04 0 6.3 5

4 11931 8 27| mEEILE | 3 47 139 58 10 3.9 1

9 T | HEEBEILE |35 37 140 00 10 4.9 3

9 16| IBMEBEEE| 35 31 139 01 0 6.3 3

511950 9 10 | EHm & |35 6 140 0 10 — 1

9 10 F ¥ ® #W |35 10 140 19 0 6.3 3

61970 9 2 | HEAEIL|3BH 34 140 03 30 3.6 1

9 30 | MZE)|EES |35 29 139 38 40 5.5 3

®=4-1 HRBIEHOoRCEBMEB L EHFVWIREL-RAEZOKE 2 HEOBRHNUE
(1926-1973)
Table 4-1 The shallow shocks in the Tokyo bay area and corresponding major earth-

quake. (1926-1973)
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