WOR OB RO O #
Bull. Earthq. Res. Inst.
Vol. 52 (1977), pp. 379-406

26. BB G OHE DR
s L —

RF
[Sicd
ol
A A

(FAFN 5248 12 3 10 B T)

§1. & L H» &

HEOHRE W BENMIbIRS X5l Thb, 35 10FERLmAH 0. JLEwn)d
EHT—BTITbA 02T WO TS ELELhAEES 5. L L, MEESOM T
& D EEH LI LW IEITE VT W, —7F, B, Bl CisiiiumEEme
TIER R E N ACIERIEEDE R THE A S D 2 LI LbRTwa L, B
RBHVIZIE WS HAEEND DIRYRDOZ L TH T LTI O FRTITE -
TREXEAEGAEORENBEFEIRT VS, MRTHD, FOREFEERCEHL
FenEEL Tt td b b, EEATROIERTHAERPEDOFELY & ) AR THED
WERERT D Z LR AT,

HUEF A 2N BB B S h, Tl Tl BALEOEFRTH VB0
AREREE-TERIND L5 Cis-te. WMERECHE=X VF—RDa v 2 —%5]
Wi (B (1976)) 2 CURRENT AP ELNERIZ-EVER LD WX 5 THS.
—F, BRI IEERBRE IR TE D, FoREEETEC Uiy, »
BOE-EDELTWH EWSTIERD D, T2 THRERDT, HOMEETDIELRR
WEHER LTS & LR A T, HREDPRO—I & EETHS.

AT, MEONOER L, LI BT O NioRE, HER D H 5 VILH
HEBD S oHBECOWTHE L, IHETYE 2 HEOIAREA & LT E DT
BT R EEE L. MREMOME L ZORERE WS HARERN/EEI O R
BOTLIFELTWD LIXE AR, JURRERE &4, BRI EET) O MACH L
b DTHY, VWHRARBEHREIODDEIRSLFEETHD. THWIFERTIRITIR
ORLEEHFO 2L 2R 5 B 18,2l e KX F P LIE WL 0T H B, B
SREROEFIHEBRT OB S DIER L DO TH DS, TRMMO T —~ 2 OFRFE
T, TWHETHZ LI L.

§2. HBOHEOEEH

WEOKDIT -2 ) LEERIT T X WIS IES. & STk, FEESEkLTE
FEFE BRI A EGAEFEDO—2TH S, SRS W ERIE L VbR
FEXIBA LT, WERORNELZ ST HLhINE 5 hRH TR




380 FES W Ry 0o R

Table 1. Table of the operators tested. In cases 13-18, positive and
negative values of K refer to change in x- and y- direc-
tions respectively. In case 9, (7) and (8) mean the nume-
rical results of the cases 7 and 8 respectively.

++ +: excellent, * +: possible, —: inappropriate.
case No. Operator Judgement

1 va—d+{b—cp? +
2 " Ja—d|+|b—c¢| —
3 {la+c—b—a|+|a+b—c—d|)/2 +
4 (C+2F+I—-A—-2D—G)/8 -
5 (A+2B+C—-G—-2H-1)/8 —
6 E—-min(A,B,C,D,F,G,H,1) —
7 sign (B—H) X[min (A, B, C)—max (G, H, I)] -
8 sign (D—F) X[min (A, D, G)~max (C, F, I)] -
9 «/(8)2+(7)2 . —
10 V(A+B+C—-G——H—I)2+(A+D—+—G—C—F—I)2 +
11 [A+B+C—~G—-H-I|+|A+D+G—-C—F-I| +
12 |JE—=A|+]|E—C|+|E—-G|+|E-]] +
13 K=1 -
14 k Kk =—1 —

':1 j:
16 o ” =-3 -
17 k=1 =5 -
18 —5 —

19 4E+4+2(B+D+F+H)+(A+C+G+1) +++
a | b A
c d D F
G H I

HLBHIE 2 » v 2 ZTD. £y Y 2 I —EOBENIIE LTS, =0
TP T, BT 20000 THS. FFCoOnd 42— x — 1382
WHHERLH LD L > TR D, ZThEhOLBFTHLFE LD DR FTEih b
I ARV =2 =Xk - £l (1972) T EBBRTWS. Fhid LT, A
HTRHLED LI DA R —2—%FT AP LTH. 25X25km? OokEID £, v

Fig. la-c. Selection of a method of defining an earthquake nest.
Hatched area: meshes including actual earthquakes. d is the indicator
descriminating nest boundary. Thick cross means the origin of the
coordinate system. Scales for x- and y- directions are different and
length corresponding to 25 km for x- and y- directions is shown on the
upper left of the figure a.
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BR2i2 10km F) &), ThCHIETHEE LTEOROMBEREE LM, 24
2HDHH =2V F—% L) EFBDL—HETHSS.
TAMRINETH~IN4E6 R (197445 F2RL) © F—% T, HE 140°,
defl 36° DHMERLE L, 0,92 OFfyFhFRIE, db, FolARE kL X,
—150=2<150km, —1756=<y<175km OfFICA b, A 60<z<T0km =55 3 D%
fEote. WSO OTIE R L K~ 2R T. Wihd BEERO FAAEOR XK
ZRLTWS. R0 d B 1EOFyr —ADARV — 2 -2 ELTHELREETD
3. THLTHEDLIIHE 2X2 H DA » v aDEEREED 2 2T, 3X3 HD 2

Fig. 2-a

peme—— . F

1971 VI~1974VI case 9

Fig. 2-b
Fig. 2. Same as figure 1. Hatched area of Fig. 1 must be super-
posed on the figure. It is seen that the hatched area of Fig. 1 is unlike
either of solid, broken and dotted lines of Fig. 2.
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Fig. 3a-j. Horizontal section showing nest of earthquakes. Cross is the origin of
the coordinate system. Unit of x- and y- coordinates is km. h: focal depth. Hatched,
dotted .and ‘cross‘marked areas correspond to those of d=10, 5 and 1 r_espectively.
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“Legend and notations are

Fig. 4a-f.. Vertical section showing nest of earthquakes.

same as in figure 3.
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Fig. 5. Examples showing the change of nest size according
to the period investigated. Numerals are reference numbers of
earthquake nest. Solid and dotted lines are nest boundaries deter-
mined from data of 1971 VII-1974 XII and of 1971 VII-1975 XII
respectively.
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Fig. 6. Distribution of earthquake nests in Kanto district. O: origin of the coordi-
nate system (140°E, 36°N). Bold figure is the reference number of nest (cf. Tab. 2) and
italic figure the depth range of each nest in km. Broken line means ambiguous part of
the nest boundary.
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Table 2. List of earthquake nests in Kanto district. Column 5
means the maximum energy stored in each nest and
column 6 the magnitude corresponding to column 5. The
size of mesh was taken as 2.5X2.5x10 km®

Ref. No. ‘Name R%’é%‘zh()f No. of Mesh MaéioErggrgy M
1 = 0~10 km 36 295X 1020 erg 7.0
2 2 B 0~20 199 1244 7.5
3 jrd i 0~10 49 306 7.1
4 TR =N 0~30 122 763 7.4
5 B E W 0~30 83 550 7.3
6 BB 20~50 - 46 288 7.1
7. i i 40~70 56 350 7.2
8 WoOE W | 20~60 44 275 7.1
9 AN @ | 20~30 ¢ 18 113 6.8
10 W OE 0~30 52 | 325 7.15
11 br 5w R 50~80 71 444 7.2
12 % F R 40~170 212 1325 : 7.55
13 — s om o 50~70 43 269 7.1
14 Z A O 30~60 59 369 7.2
15 i = 0~50 - 55 4719 7.9
16 S 1 30~170 292 1825 7.6
17 " 2 50~80 355 2219 7.1
18 F AW AR | 60~90 356 2226 7.1
19 B B | 40~80 104 650 7.85
20 Wyl de W 20~50 200 1250’ 7.5
21 PEHLEES 0~20 233 1456 7.55

AW T B I FRD H A METH 5. 4L 12 4 1973 48 9 A 31 H O BEF IR E) (ekd (1977))
CXBMTHDN, T EBOANRLENNRIBEEINALhAHTHS. LT
W8I DOND X5 et ERERMOBMFRIL, AL ELP 121 onTIE F—-20EH % ¥
S TEZETRETHHH. Tl O, (MEIDFIEHIZENFRAE L CWBHEOHT
HD. 19,20 3BHEOHL L OBIRN 2N RED X 5THH LS, 16,17,18 Lizflod D
LELBRE. ORI, FOEMELOHINERERS - Th, EHMRILLE
255D THD.

H2EDE AT, JTEGEhD 4y v 25X2.5X10km) O THD. HEHEED
FErnb, TDRA Y PNEZLNIIRKB=R AT —2RDELONESFNITHS.
W ARET b D=L F — 1 35FH (1966) 12X b &

1
o= gl

7=(56~10) X10" c.g.s.
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THB., H2EIL ex10lerg DL ETOMEERT. HOFIXT D= F LTS
MR TH D, FEOPIFE (IR (1976) <Tix, WEABHRET 5 & & QiR ORATE
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A, AROBENR6.9CHD DT, HEHT.0 DIE—2OHYTHEETHS. &
AN, COJCEERD HE=F L F 11 22T T hig M="T.55 OERCAIL L, W
O =R L F -1t LT B G0N S S, FOHEE LT, kDT ENREX LIRS,

a) MEARRORABE=F A F—ORFVAKETES. RV % 12~18 w5
Z CIEATER LT TR,

b) SATEHFIIC 10km DEID A o v FEZ DI, BRI TRVETETYO
T, Ay vak (25X25X2.5)km® b EROEENII 10% M5 TH
A5,

¢) BIEENFR LTS ENOERFDVNEL D T ERTFREIRS.

d) WEOFATITAT L N0 bl » TRAECE TS L. Bil=%
L LD BRATE=FAF 0K GE) LV OEXRATNETHE.
FEXTIE, T ADDIHBEEE->THWELOEES L, 0 LI baTo~N
5 EoK, MOBHRLEDICOWTHYRED L THD. Thb 4 dDIEDNK

RNSHORETH S & LEIEMH L.

§4. #HTOHOME D—HELHREKORR

LR, M TRDIIEDH DS » T B IR EH Y RAET 5. Lrl, &
LTI ATl X b, 21{HH 2 JLCOIIZ DWW T T <, BINUbY Tilbd BFE A
OEWHTIEON, 5 16~18 1 oW THA TR E G T 5.

HTHab BB M &, M L EoREZEOVITHE & OBIRT, & T2 IRE)ik
HewEE (O (1973))

Mep=—2.56-2.94 log (F-P)

Mb3RBIob D, T4 (1971) 12 X B HE (MW) 2 - 7 BETHFE LD, @
© M=2.5 CHERDS. WTEhoad, JUCBFR boffixiz v 1.0 Ths. i,
Lo oD Mee & MW iZBHEWZ, I —KTHZENHEDBRT LS.

M>25 PETHTRa b ©XIIZFENTiesd &5 & &ix, M=25 oliZaiiihix
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Fig. 7. Magnitude-frequency relation for nests 16-18. Mgp: magnitude determined
from F-P time (total duration time) of an earthquake. MW: magnitude determined from
velocity amplitude (Watanabe (1971)).
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Fig. 8. Cumulative value of monthly energy release for nests 16-18 from 1926 to 1975.

Table 3. Actual and calculated energy release for the nests 16-18.
a*: Period during which the maximum energy released,
under the assumption that the maximum strain energy/cm®
is half and one-fourth of the assumed value, namely, 10*
erg. b*: Magnitude corresponding to column a*.

Energy Release between 1926 and 1975
Ref. No. Elr\f:t?;;'y M M. corresp. Rate of . a* b*
of Nest Stored Energy | to the left Energy Peélo‘} of
col. Release/year yele
erg; erg erg year year
.16 |1.8x102| 7.6 | 3.76x10% 5.85 0.75%x1020 2400 1200 7.4
600 7.2
17 2.2 7.7 | 1.16 | 5.5 0.23 9596 | 4782 | 7.5
2391 7.3
18 2.2 7.7 |5.43 5.95 1.09 2018 1009 7.5
505 7.3
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Fig. 9. Normalized Fourier spectrum for nests 16-18 based on daily number of earth-
quakes. Spectra with frequencey larger than 0.2 and smaller than 0.2 were calculated
_sepa;'ately.gnd are arranged so that the amplitudes at frequency 0.2 coincide.
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Table 4. The leading periodic. components of normalized power
spectra for nests 16-18 and their significances. 2: number
of earthquakes in every z days are used in the analysis.
Taxt period of the leading component of a periodogram.
n: number of independent components of a periodogram.
Omax: Normalized power of the leading component. ¢’ ;9:
significant value for g at significance level 0.05

T analysed n Trmax Imax g’ 5%

day
5 ~500 83.33 0.0223 0.07378

” 0.0205 ”
10 ~500 0.0339 0.1313
62.5~500 0.1635 0.516
5 ~500 0.0381 0.07378
” 0.0383 ”
10 ~500 0.0747 0.1313
62.5~500 0.2471 0.516
5 ~500 0.0551 0.07378
” 0.0646 "
10 ~500 0.0953 0.1313
62°5~500 0.4816 0.516

HARCRER7 -V =RIROEAME, ToRFEHCETAHEMEYR L. F4FE0x
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— ) ZARY PAFRHII LIS ETHS. Tkl =380 1188 oE R iz L,
FRCTAER DB E S DETARLIOTHS. C0Xdic ¢ HOMER L3 &, D
0 L WO RBEDREAD LTELLT kD, 1D o offil, BXIERO Rz E
FHE LW Ebrd. ZOETIE gonlg % DNORKILD. WARLZHE, £0
FAAR D D 5% OEMETIIAE TIXRY, 0% ) 5% OGERRCHE LRI AR LD
bhighwZ & Eigh. FAROFITERIL 0.2 DR LD 0T 0.2£1<0.5
DFERIIERIZA - T, Lnl, 0.02=1<0.5 offifiT, 5% GRS s 55
TR S 9, #5H5k X Fisher oBBn b AL TN 5.
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Cross Correlation Coefficient between Number of Earthquakes in x days of Nests 16 and 17,
Nest 16 precedes Nest 17
--------- Nest 17 precedes Nest 16 !
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Fig. 10. Cross correlation coefficient between number of earthquakes of the nests 16
and 17. Sums of the number of earthquakes in x days are employed for the analysis.

194 E8 iz, 1T T 19643 A, i hoMiENRD Y, Sl OREX Lk
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FZFNE LCHBEIL oW SR T A N TE S,

§8. HROEOMHE (V)—RRBLEORR

ZDEITILH 16~18 1o\ T, HiK &L DRI OWTHE LS, FEMEOMI
ELTR S KEVHBELLOLBRE SR ELDTCHS, HTIHCFTHECAE LR
CHOR e L WEERREEELL. FOOMIHEIIKa b e K RTHWMPTHS.
FEEROHQIFNIIKPIRTRESZRT. £8FNL, AXELRALHoFIZ L0, 5
97IL, HTHOHMF OB TERE LA —DROHFTITRGD, FEELOMEMGEND
SMEEL D LLTELMETHD. TOLADREDHLEORFL, 25 5ithED
#ThHhy, TRIIHFOFIOFITEERT Wi, 2EVFI0FNITAE LR Liios
CHHREDHTHS, ERFIFITRLEZELTWARWINL, HMTAHIEORWC &%
=7 -

HIINORIZ, HOEEOMELZOREISIOLOT, ThZhOH KT 5ER
Ry RE TR R 3. Rhk LD &, FHEDOEIFIOMEL, E DL, REFBEOKE
W BEERTWE DT, BNTI SWIMEBYRELE LS XL, RELIIOER
HRIEE E BB HFR I DT e 5.

IR, 1) HMECIIEWHIMIHETIC X » THEIND. 2) Hokkhiedk
BEES X5t OENRD - Th, REXARELAE CHoPIELNS. LR

Table 5. List of earthquakes accompanied by aftershocks in the
nests 16-18. a: symbol of aftershocks in the same nest
as the main shock. b: symbol of aftershock outside the
nest of the main shock. Numeral beside the symbol in
column b is the number of corresponding earthquakes.
The last column does not include aftershocks in column
b but includes fore- and main- shock.

3 Symbol in
Ref.No. Origin Time Main shock If)\esrsiggx%c} No. of

Df I]eSt (JSI) E y ] aftel
2 (E) [ (N) h km MFP s a b §

16 |1974- 8- 4 3h16m|139.91°| 36.08°| 61.89 | 5.9 |Aug. 4~17
16 197410 9 4h42m[139.93 | 36.07 | 54.25 | 4.8 |Oct. 9~13
17 1974 4- 5 4h33m|140.15 | 36.03 | 71.44 | 4.3 [April 5~ T
17 |1975- 3.30 4h57Tm1140.10 | 36.20 | 72.14 | 5.0 |March 30~31

A 255
Ay 24
fAY) 17
D 33

OEOX®®®0®0
2

18 |1971- 9-10 13h55m(140.23 | 35.65 | 62.96 | 4.0 |[Sept. 10~11 13
18 |1972- 2.27 19433m|140.15 | 35.50 | 74.49 | 3.6 |Feb. 27~28 25
18 |1972- 4. 2 15h56m(140.19 | 35.66 | 82.20 | 3.5 |April 2~ 3 Ve 7
18 |1973- 9- 5  7h21m|140.28 | 35.66 | 88.77 | 4.2 |Sept. 5~ 6 [N 11
18 |1975- 1.11 8h O0m|140.26 | 35.64 | 67.71 | 3.6 |Jan. 11~12 10
18 [1975- 6- 1 8413m[140.17 | 85.57 | 76.77 | 4.1 |June 1~ 6 20
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1618-1627.
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EIAINEE, 1972, HUEREOMMEICOWLT, HBREZ, 124, 25, No.1, 24-32.
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Fig. 1la-c. Distribution of earthquake foci for nests 16-18. Solid circle means
ordinary activity. Other symbols mean swarm activity including fore-, main- and after-
shocks. For meaning of symbols, refer to Table 5. Arrows show the main shock of
each swarm. The oblique (right downwards) line in figure 11-b divides the foci symbols
belonging to the horizontal and vertical sections.
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26. Definition and Characteristic Features of a Seismically
Active Region (Earthquake Nest) in the Kanto District .

By Tatsuo UsAMI
and
‘Tadao WATANABE,
Earthquake Research Institute.

Applying boundary decision technique developed in the field of image processing, we
propose a method of defining an earthquake nest. This method was applied to micro-
earthquakes in the Kanto district from 1971 VII to 1975 XII and twenty-one earthquake nests
were identified. . S '

The fundamental characters of and between nests were investigated using the most
famous and most active nests (No. 16-18) near Tsukuba Observatory and in central Chiba
prefecture.

The main results obtained are: .

1. The magnitude—frequency relation within each nest shows satisfactory features,
suggesting that the definition of earthquake nest is suitable (or the size of nest is not too
small).

2. Simple comparison of energy release between 1926-1975 and maximum energy stored
in each nest shows that the energy release cycle is about several thousand years.

3. Normalized Fourier spectrum analysis shows no periodicity in the activity of each
nest and the study of cross correlation coefficients shows that activities of different nests
are mutually independent.

4. A nest is determined by stationary activity and not by earthquake swarm which
take place occasionally. Each nest includes several swarms. But the region of earthquake
swarms does not spread outside the nest in which the main shock is located.

From the above results, it may be said that the earthquake nest defined in this paper
exhibits essential characters necessary for a seismically active region.




