AT EEE 55344 £ 15 (1986)

HABBEERD b A7 HUEBHR
—— D BN F TR BRI ——

P ARy EEE 8] %3 3
(986 ETH FH)

L & C & (<

R, LHOWE 2 2 AV b EFARTHBELX L TW5A, IRCTF 7=y 27k A
FUADAEE, BB D ad v MR ERENEFE L o THENET, MENRET S
LEz2zbhD, ZoBMACicok, MEBR, RHIEFRELTDZ 7 » 725 BEAWE (L
LZEER, €7 v 2 R) OYWINEELEZOFBEAY IO EAPFEINE, B, &
AOWECR T, HENLERECTOYMEECE 2 £ CCHB T 2HIHENIEEL T
Wh, LTI, ToflEEFs,

HWEOFRAHEE L HEORIZ L, Gutenberg-Richter ozt e L » CL <R IhB Z &
NEGIT WA, Mogi (1962) 1%, #hEIW B\ THIZL L T\ 5 Gutenberg-Richter =2 /Mg
BB W THBILTWAZ Rl i, iy - 7cBs, HBEOEE S ML
7 % 7 £ /- (stochastic self similar) #i&% LT\ 5% & & 27R E T % (Kagan and Knopoff,
1980 ; Sadovskiy et al., 1984), Hirata et al. (1986) (¥, EBREDEFERICIKThH, HE
DZEFDANL7 5 7 Z VIEEY LTwapZl WRLIC, WERRERLL TRV F-1HED
RRINEE LD L, BUWBBOREBRIIEARLARNC IS LN ZEVNHILRAT W5,
Scholz (1968) 13 B A DHEERZ & Z iz, EOREEIHET ARG 2R &, AE
DFREFENKHFEARIC LN S 2 EHRLT W5,

DX SRR O T A TAI LI LY, HENSBUNMEEI B ETOELEDOH
A X BT AMHMERNNFEEL TVWAI LALLM TETWS, Ay —A b
LTEHET AR OB, BHEOWEA h = X ACE Ay — VBEHIC L » T 21E,
KB REETHHMBO 0 Y IEF /NI RHEETH D AECEFEB LTHHE LR, D
F b Ay — VICRIE L 7o\ IEEEEE R (scale invariant law) 12k » TR TE L2 EBENH 2
CEHBTRBLTVS,

EREOREEREL, HRHOBUEELT, WEATF—s2%22bh5b, ¥, o=V
v — LR F MBS R BBICERTESL LV OFIELE-CVA, ZOHRXTIE, Th
OB R AL UERHERBOKER PO, MEENDHE T TORLOWEY TR
LEBRBILT S 7 A0 ECHIFEEFE-TT 7 e —F R LB,

B AR BRI BT M EEE = 7 A P%tw ] (B8R 60 FEME R AT R
CEWTEELLLDICESWTWD,
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2. BERFBRE I/ OQNHE

21 7aA—RF449 I iviav (AE)
BEREOESWEOWE L~ 7 v IoBE (EWE) WHRTL T3 7 = i (UM »
KoB, BUNEERCIE T 2 —RAF 4 vy 27 3 yvay (LT AE LBET) EMEEh 5wk
Wrngh L, BUMEEBR AEICL s TE=2 —F5 2 ENTE S, BAOB/NNEERICIES
% AE B ICIEE QUL b - T b, T TRl -7 B RISEE o/, IR 02510
BRFIcomBEALSCR T, FlzE, FES (1982) 1%, HETEHRA I TV AEKH
BRI TCOMBEESOEAEBNERHEERIEO AE T HEE L ExBEL W5, T,
Mogi (1963) 1k =2 v 7 V) — b DEERBR LR o\, WRBICADhDRE 4 —v, KE—&K
B E—AR-AR BRUEYBRL TS, ChboZlteExss, AERAYr -1 E
BUTCHEFIN SR HBE R HIEA S,

2.2 BROWEFERICE TS0 NES

ERRRRRICH T, HPehd3IEHEa v e -1 TE, EBRROETERVA AT
BEREXDZENTEDL, AL, EHEr—EIESHE SR EEIWEER, —TDO L —
FTINEMZTOBIE Y — P —EER, O TR0 EEY B THOTHLY ~ F—EE
By, IR RBEI - BAKRBFA 27V v rr—F 4 VIRBREETHD, FORMLTEIY—
FBIAR S CBILNEEFRCEET 22 LT 5, BRI, MEIRETIHRDOICNIELYE
ZIEE, WENL VAL LTRETS L RBMoAr — v (REFEDA — £ =) T, 7
V= PRI o TV BRI, BE—EELELLNEZNLTHD, T, BHB—ETH
BEVCIOIIGIEHE, b &b v IV RBEFEDVEOTHH I EIBEHDOEDTH A,

3. BEOWIRCE B

3.1. #EEREESY (magnitude-frequency relation)

HEE O L REFER ORI, Gutenberg-Richter it & FEE L 2 BRI KL
%. Gutenberg-Richter = 1%,

) log N(M)=a—bM

ZZC, NM)Z=r=F2a—FMOAVOREBBEDHHL, a, b XEKTHSH, E
bk, bEL IENSHYEBH ST AT A2 THEDOTHEIVIIL B E 5T Lk
KE/LA RV P OREFENKEL DB ENITETHY, bEHPAKEVEVIDIXEZDHET
INEI A N P DOREFHEIKELRBEE NS ETHD), HEEFHOE (L= —T 51
DIffibnsd, BERMEORNIC b ERELTAHANEZLBESR TR, HEFM2LD bE
BHEEINTWA,

Mogi (1962) X, = o Gutenberg-Richter X250 D#U/NEE (AE) i\ W THHIZL T
WBZ L& LT, Scholz (1968) 1%, ISHE—ED Vv — b THENZE 5 EAHEEERE K
7o, JEHoEME &b b EEEADT S ERRLA. Mogi (198D) %, ILHAMNEIE—ED
BEh bENELT S ERREL TS, Fig 1 36T 5 B0 TG IHEEREED b ED
EE R LIcbDTH A, BENSENE L0, EHEENEETCWDEED b EOEE R
@C7ry F LTRLTWS, IEHE—FH- B0 b {EOE TR0 TRERMEENICH LT
Ty F LT A, ISTEEIMEIRE T b {ELL, Scholz (1968) DiERIFE L X 31, HHIDHE
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Fig.1. KETEZ 5 BO—EILNEEERICE TS b fHORRIZIL The changes of b~value
during the contant stress experiment of Oshima granite at the pressure of the
atmosphere. b-values vs. stress during loading interval are plotted by closed
circles, and b-values vs. time at the constant stress of 230MPa are plotted by open
circles. (after Hirata et al. (1985))

e LB LT, IGHE—TBEFo72BD b B, WEOETE LD HEFREAR
WA L& w5 Mogi (198D iR &R ), BEAEEOWHEDT CHEF TEBITE L L
T\, Ffo, b{EIE, #4558y — GERERAEBROTIOOEINLY — bIcX - THREE
L5 Sano (1982) FER L H Y, THETDRHh-o TS LTV 270\, BADOWEC KV
T, bEXFRT A A D= A LA THEONTHLNICTH LIS EOMEL L TEIR
TWw5,

HENLB/IEEE TRy — DR HEAOPEIC VT, Gutenberg-Richter 235,
LT BZ LIFFBREGC ETHDH, 2O, BAOHKER TS 720 (ASHELED T
BHZLEETRBEL TS, LT, bEDEREY 7 7 7 2 VIRTGELTRIRL, tD7 527 4
AMNRTHWBFROEMRICHE O L 5 Lo RanH 5, Aki 198D, <7/ =F a2 —F
PWBOR S D 3FICILBIT 5 L{KEL, HEJEE 5O (Gutenberg-Richter rela-
tion) b MIEBE — £ v b-= 2 =F a2 — FOEGRXND, D=3b/c L LTHIBHRITD 7 57 &1
WIE D PEFETEDZ LI, 22T, b Gutenberg-Richter relation @ pfEHCH D,
ClIHEE — 2 v FDOXNHEIC WL T=7=Fa—- %7 vy b Lt EDEEX(c=15T
5, Aki (1981) 1k, —MRENCIZ b ENXN LB 15 THBZ &b, 7527 2 AKkTEH 2 (H
ABCOLTIORPEEL T ZERERTD) 0 3G RITWIIRIEND &b - B IE
DO TEIOHEL TV ZEEBERTE)ETCEDLLE I LIEENTH S LBIRL TV 5,

T, FEB, BEORBIEESHNLL DT 57 X ARTT ECMSH BRI
TIIEANRKRTGENED L SR L TS0 D DI - T B, —#BENC, %
EOHBD S LIBE EERMS MDD RIBEDLNLThD 7 T 7 2 VIRTGICIL, BEEX O
AENLRTVWAZ LI HDT, o AlRRITh Db Lk, LasLflb
DOMENRHREFEF LR E LAV ETH L, RICEHDIHAELZTHRL S,
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3.2. IHENEMHH

Kagan and Knopoff (1980) ik, # U 7 x A = 7 DMEERMET L, correlation function s
OHEOBROEHSAMN 7 7740 (BEHL) THHZ L, 2FHEDAI RV EHKTY
FTOA XY P EFEE LRy BILT, DA Ny FANRE T TORL TN B Z ERR
L7z, Sadovskiy et al. (1984)1%, Global catalogue & Nurek #15 ® local catalogue % box-
counting algorithm Iz Xk - T L, BEOSMIIRLIEZID 7327 2 A THY, 7527 ZLVKT
BENFERLS, L4 THBHZ LARLIE, ZOEMOSMCRTE 752 2 ABEENED R Fr —
NETCHRIELTWARDOTHAHm? Gutenberg-Richter 500 & 5 i iU NEEE & CHRAIZ. L T
BDTHHH D,

40MPa O HFE T TG (RAFEMIEN—HE) % 54TMPa i ff - 7= — &It FEME IR SRR
PR, AEDOBFEHRE L, TOEILE, 2 % 100'MPa/s TR #EinE - 8e0
HODOWERE DR 8% whicsn, Ik, AL, ER 50 mm, & X 100 mm o FiE
BERLICKETE 5EE ALK,

—EBLHENTHE, BAE2ZY) 7L IERAEREEH LR CHBER\ S, 70—
i, 1k7 V-7 (BVOTRZEETER LEA E—EDOOTHAEERESTWL), 2%k”
) =T (DB —EDOTHEETERTS), 3%k2 YV~ 7 (X LTOTHREENMET ) I
Sbis, Fig 23BN T TOE S EORE-OTAHREHRTHS, & 2T, BE-0-F%
BRERZ2: D, 1tk2 UV — 7 (0-44105)2 ¥k 7 V — 7 (4410-15210s5) 3 %k 7 V — 7 (15210-22410s)
o RE L7,

AE 0 BRI LE T 2064 HRE I hiz, AEDEFERE IR TV BHDEA 5 s, KB
MTo AE ORFZERFEEIIC D THRNTCAH S, Fig 3L AEOER S A% 1Kk2 YV — 7 (353
fE) 22V —7 QI3ME)3%&k27 YV —7 (1438 ) DRBHEIZFTTCRLIELDTHS, &
B & bz, AE 0ZeRFE B S KCEIE—BIERE L T 50, RS EOWEOHET &
EHICAE OBES M-8 — v ICBE BB D,

AEDEBESA 2 — v OBy EENTE VWSS 2, BADBEYSELLTRYHS
EZD PR ARG THAH, £ T, BESMEREYDEDDRAR -V ELTEDL
B, A —VRHCHUBEELZ LA bIE, A2 —vDE by 7 57 2 ARG TEHLE S,

X105 T T T T
Primary Secondary Tertiary
1000+ o
= Differential stress °
.; o]
B 547MPa o°
2 o° o°
*E oF 0° ° n
é 000000000000000000000000
> o]
—1000 ! 1 I L
0 5000 10000 15000 20000

Time, s

Fig.2. KEIEZ 5 B0OBM— 0+ 2@t Time vs. volumetric strain during the constant
stress experiment of Oshima granite at the confining pressure of 40 MPa.
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Primary Secondary

353 events 273 events

Fig.3. AE®DZE[ 4 4 Orthograhic projec-
tions of AE hypocenters. Hypocenters

o T t.

( ertiary of 353, 273 and 1438 were determined

R during primary, secondary and tertiary
1438 events creep, respectively.

£TD AE w2\, ZOHEVWOBRMOER » #51HE L, E¥ » 00M2E 2%, BEHE
O r LTI d 7% 59 v b LIc@EE N(R<7) £T5, BEOBHE: N BHBOE
&, BEXT7TOEEEDOBUIN(N-1)/2ThHs, N(R<r) ZHERHTE - TEHILLD
@ C(#) % correlation integral &I T\ 5, BEEOEMOMHA - F — VAECHEL (7 5 7
ZN) THBHIELIX

2) C(R<r)~y?

& 72 % (Grassberger (1983)), D B—Mfb3hic v A FA 7RI TED, 75 7 2 MRTT &
LIRS, By & C(R<y)DF— 2R srs7icr ey b 354, 7527 248E(BD
KD % & o5, 2% 0 Q) RISk > BHRESRER R, Fig 4 37 Cciic C(R< r), #th
CHEBr &l >C7 ey b LcdDTHS, T2 XEBEEXRLTE Y, AE OB/ 5HIT
@Q)RDBARE R LT5, 2E Y AEDZERSMII 7 7 7 2 VBEEZ L TWB T L350 -
o, 77 RNKRTTL, S 7 DEENLRDBENTED, 7537 2 AKRTE, Lk2 V-
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10° T T T T

107+ .

C(r)

102 -

® Primary

1072 4 Secondary Fig 4 £ ) — FRHEICKT B ER—ARIESO T = 5 b
W Tertiary Correlation integral vs. distance for each stage
of the creep. Fractal dimensions are 2.75, 2.66
10~ | 1 1 1 and 2.25, for the primary, secondary and terti-
1 2 4 8 16 32 ary creep, respectively.
r, mm

7,22 )=, 3R ) TR NT, ThER 275,266,225 THo, 2FEDh, 757
BNRIGZFIEZ V=T B 3K7 V) —FChb L v phELLTsoTwL,
EREDOEDGHD 7 5 7 2 ARTERDBFIOHEE LTk, Sadovskiy et al. 1984 ﬁxiﬂz

BOZER G AICX L TR Z 7t - 72 box-counting algorithm & Xi¥h T35 HEAH S (Man-

delbrot, 1982, p. 130 Zf8), T A2 MIERE/ NS REKE (—LO RS r L T5)H5EL, *

DRI ICHE A EHER L FRA L <l seismic, F4E LT U7l hud aseismic & LT,

seismic THAHRIBOBEH N(r) X 25, £LT, QE'JFHUiI RO, RO E S

% X_ﬁ_%u,

®3) N(r)~r=?

i hT N7 532 EAKRT D HRDI, 22 TR, QRIS TH Y I 27 2 VKRTERD
7o, 1k2 V=7, 2k 2V —7, 32V —7TD7 357 X ARTIEFENF R 3.05 2.59, 2.49
THole, 1R Z V=T b 3 K2V —-—TRDBIE LI ST, 7527 ZARTIINEL T
WS EWISBIRDFEERUEREN LR, UL, BEEOELB D WSS, r D/hEWEC
ATT = ERERLLETRTLE S, T80 R VEE, HEOEBEOSMNLL 7 5
7 ENMRTEH S EDDTEDIE I VERHTH 5.

77 EANKREDERYE 2 TL L 5, JRLEMICE T, BENSEMI—FILS v 225
FHLTOEEE, FROFETRDIL TS 7 2AKRTIRICKS, 21T, 1k2 ) — 7RIk
W, 737&»%7‘575{&&&3“@56 Ewvwh ik, AE 0BESHAN—EICS v 25| LT
WBIZERRT, 777 ZAARTHI L WNEL D LS 2 &3, AE 0BESMAIZE T,
—RRI DM ST T LS EEA» B E, BEOEFIMSLLOI L L2EW®R TS, 7572
ANESEHER LN D, TD 7527 A ARTNRII T Z EIREKREGREETH S, =
N3, 737 2ABEEYRETLL O 1 7 e RIEEMOBEEFERALRD D, FOREEROBE
BEH D IEENTALT A ER L 5 TT7 T2 B ARTHET S, &5 L5 REEOE
BROFEELY RET 5,

CORRTIE, HEBETO7 5 7 2 BRLE bEDRECEEIL T 5, A7 b2eR
FHCHTH7 77 2 VR E b EMER AL R0 57z, b B, Fig. 1 0FB L FUE1L
ZEFHERL, BEOEFICR W TELBRLZLh, 1RZ Y —F 2KV —F 3 %k2 Y —
TORMGEAEB L LTehote, ERICE TS 757 A LS LB RIS 75 2 2 1S
DB FR%E RFEFNCKRD B & L IXSHOFETHH 5.
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33. B %R 3l

WERELY BB L L TRV R -BE, HEORRFIOL - & bBEELEHIZAHEN D4
ETH%. Kagan and Knopoff (1978) %, HWE» % v 7 ZMT L, £ TOMENLOWED
RERLXFE S L L TUOMBORE S L L BE, TP TOMLTWAZ LML
fo. HAOOWENRMICEA L CECHLUTH BB, B NEEC RS WTH AR OKEN
ZENBETTHD, T2 T, RKEHOKELD ATV, FbhiFEE0 L okt oTh
57, WWER L CahROB/NMEEORRIIZANTHS,

Fig. 5 BB —BHEMIEEER Y B o LROFNAXREORE-OT2MBRTH 5. &
Rht, EFE445mm, EX110mm OGREH L0 #EHR LA, Fig 6 EZRED
AE v — + OFFEIZELE R LTV 5, 2Tl BERDH A AE R — 2 P CER L TR
BoH,

Fig T A=A+ LD R LTHERINE T r oy b LD THSL, SR EFELL HRD &
KRERLAEDPERELCTHEHEVCTAERERELTHEL TS, —D2D =2 F OB THRY)

Iﬁ
4 _______\[__,-7”—/‘"#)
r/mential strain

[{E + + e T
= ___,__f———ﬁl_’lfﬁ_)
S Volumetric strain
n

Axial strain
-6
><10 ¢ r T T T l T T - . 1
0 4 8 12 x10°3
Time, s

Fig.5. ATHRAXIEORRHE- O 443 Time vs. strains during the constant stress experi-
ment of Murata basalt at the pressure of the atmosphere.
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-1 - Fig.6. #HZESED AE ZEH  AE rate vs. time dur-
ing the constant stress experiment of Murata
0 ) ) ) ) L basalt. Major bursts are numberd, which are

10 12 14x10° analysed as the main-shock and aftershock
Time, s sequences.
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Ehbbhic~v s =F 2 — FTAEDOFAEBICL - CTHELILLDT, =/ =F2—F1~8
i, Thzh, PZT ev v —mboix w4 v 40db o7 v 7 CHEIE L0 b 0 R AIEE
10, 21.5, 46.5, 100, 215, 465, 1000, 2150 mV LA kizsthis$ %) ko AE2AE (| o ke S
Tw—7L7) LELTRALE, ZLT, ~A—-2A2KE-RERIIEL LCETLE,
HMEBORBRIIOEHEHLE LT, BERBAREZET L LB TES, AZARE, KERE
BOKBEREAELYROLITEBRACTHY, RERENDH - REEFEEZ t &L, Z0LED
HEBOREREY n(l) L35 &,

(4) n(t)=K/(t+c)
EWIHIBRERLTWAS, 22T, K, C, p 3FETH S,

BERABFARD AT 2 — 2 2RETHHEELE LT, Ogata (1983) BRALEEL DI BT F
2 =2 REL, AICGRLOBHREREE) HOREETAERD B ABELZRIBEL W5, AIC
FETFTAQOHEZECH L LI Y, B xFAMolbBErsoiz s, & 2T,

‘S T
7 H T
8
I 3
Z 4 =
& E
=2 =
0 ‘
) ' ) 2783
2052 Time, s 2057 Time, s
P : g
8
S ® <6
20 E
& 5
22 L |l
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Fig.7. AE-~— 2 +r oB%%| Time series of the bursts. Mainshocks are marked by S,
and the end of analysis interval are marked by T. Magnitude of events were
determined by the maximum amplitude, which AE events of magnitudes 1, 2, 3, 4,
5, 6, 7, 8 have more than the maximum amplitude of 10, 21.5, 46.5, 100, 215, 465,
1,000, 2,150 mV after amplified by the pre-amplifer at the gain of 40 db, respective-
ly.
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Table 1.
Burst Model AIC K C P
Omori 739.69 | 658.35 748.72 1.281
Burst 1 _
exponent 737.27| 0.1243 9.792X10*
Burst 2 Omori 1217. 5| 0.9024 41.99 0.3076
i exponent 1216. 4| 0.1932 5.775X107*
Burst 3 Omori 432.03 | 100000 264.75 2.270
exponent 440.61 | 0.1851 3.053x107®
Burst 4 Omori 813.39 | 1499.8 826.77 1.409
exponent 814.49 | 0.0893 7.416 X 10~
Burst 5 Omori 3493. 0} 1266.2 683.62 1.246
exponent | 3558. 5| 0.1888 ‘ 3.653 X107
B$67(mmi 974.22 | 26.362 | 218.06 0.847
ur exponent | 975.73 | 0.1990 1.089X 103
Burst 7 Omori 558.16 | 33.979 106.83 1.059
e exponent | 568.10 | 0.1119 1.516X 10

Ogata D FHERFEB LT AT 4 —20fE s AICRHE LK DI, KFRED 1 KV » 7 7eBH
HoMILETA L LT, FFEHE =T

(5) n(t)=K exp (—pt)

BEL I ENEREE Fig7TicSt~—27 LERBLE AR IR AE LT A v Dk b L&
2B TC~v~—27 1L AE $TTH 5.

Tablel ic, & — 2 FCKH L THRAOHETHEIC L > TRkDIcEFAD A5 2 — & & AIC DfE
iy, AICOENVPNEVES PRBEETATHS VS EE (Akaike (1974)) X b, 1
v L2TIRAE D2 322 —3HRABRE I E I XV RBEETHY, 1< b 3L
ECIMBLBL LS CHBREHTHHIFI NI VEWS &b o, FFEH & KK
DEL, RENFRE L BCERH OB S IIEEINEL, RERO A MEECELF &\
52t THhB Fig8iedxnFhoA—2 oo, REREHZOEEICH L CRERE T
W77 bAT ey b LI DRRT, WEISELIICORT, T 4 — 4% p OEXER %I/
BT D, pDEINNEL ST VA EVSZ LREEOEFHNHELICS 85 &b
B EREBWL, REVNIIVENBEOL IO EHEKRT S,

Kagan and Knopoff (1981) %, b 0@FEOWIL G, HEROMAE I ITRE- -
EREIC B\ CER e A r — VTS, HERAEREE stochastic self-similarity ¢4 % &
ERL T 5B, £ LT, o, KRk L CHAREZRS inverse power law ([ Hil 3 5 AZk
()=t OHAERAYEEL HERED Y I av—vavERITnoTWA, ZOKER
BMOMWEER Xt DAy —AFHBRCIECLTHARETH Y, B TL 757 21 #E27D
HIEEBERLTWS,

o b bBEZILHLLRARE (7 5AL =) O2WTTRDIEH, AEckvTd, BRI
stUCKBHEOMEEERZA DD Z ENERINCILRFEFLEI LAV ETHS, B
BTh 7727 2 &R AEDAy — A FTHEM LTS E W2 5000 Lo,

7e 35, Mogi (196D D HHEIC Lieh o T, A — A M R HEBOAREB-HKERYIELL, HHED
ot s — v P RBCAE-£E (AEBEFH LN TECEENRET HLD), HIE-AE-
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- Fig.8. AE&E#oOHZE Frequency vs. time of bursts on a logarith-
mic scale. Solid lines are the expected values culculated by
the model of Omori’s decay model with the parameters of

10 i '1 - Table 1, broken lines are one of the exponential decay model
with the parameters of Table 1.

Time, s
RE TEEBEY L ) d0), BEHE (AR AEB, £BEORJ23bhid D) &
A TOZFBEORERE —VIZGT TR, T5E, AV L3,5BEB-REX21 7L, 1
Ny b 2,4,6, T IRIE-AE-RES 1 TS EHX S, RECE, FIE AE KREORFN
Db WEBEREC s, TOREIE, AEO s - VvRBRE-TEY, EFHENT
Bormb Lo, Lal, BESETTA2OKOhT, RE-£E, HE-AB-RE, BHREE
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a4 FIZELLTWBEVWZEIEAS,

ERAWEERPOAICHE L) T <~ B AOWEICEB T AHMENEANL 7527 20 &
WOMEERE > TE X TE A, ZTOMR, FE-ZH-BBIC K T, SAo#cky T, #
EOLBUNMEEE COEBEICIE A —AT7 57 ZAVEERR I LT W5 S Edbhs
o MENFCBT 27 €= A b =7 AFBROL S fo Ay — AL L DI WERHTRR, &
AOWECLFEAET L EAMBEINSG, 0L 5 iHEDFERAYITRT 2 HEXIEE X
et &, bhbilIMELYERESL 2V e —4 « v al—2a v THECERLPEC
E5THAI.

2 % X ™

Akaike, H. (1974). A new look at the statistical model identification, IEEE Trans. Control AC-19,
716-723.

Aki, K. (1981). A probabilistic synthesis of precursory phenomena, Earthquake Prediction: An
International Review (edited by D.W. Simpson and P.G. Richards), Maurice Ewing series 4,
AGU, Washington, D.C., 566-574.

Allegre, C.J.,, J.L. Le Mouel and A. Provost (1982). Scaling rules in rock fracture and possible
implications for earthquake prediction, Nature, 297, 47-49.

Grassberger, P. (1983). Generalized dimensions of strange attractors, Physics Letters, 97TA, 227-230.

FHESE, fie @ FE 2 (1985, KBTI BERTE 7 ) — 70 AE BERRIIcOWT, #
&, 38, 159-172,

Hirata, T., T. Satoh and K. Ito. Fractal structure of spatial distribution of microfracturing in rock, (in
preparation).

Kagan, Y.Y. and Knopoff (1978). Statistical study of the occurrence of shllow earthquakes, Geophys.
J. R. astr. Soc., 55, 67-86.

Kagan, Y.Y. and L. Knopoff (1980). Spatial distribution of earthquakes :- the two point correlation
function, Gephys. J.R. astr. Soc., 62, 303-320.

Kagan, Y.Y. and L. Knopoff (1981). Stochastic synthesis of earthquake catalogs, /. Geophys. Res., 86,
2853-2862.

IR —RS, PER , /A HE (1982), —HHEM T OEAFICEAI I hicEA, g, 35, 91-102.

Mandelbrot, B. (1982). The Fractal Geometry of Nature, W.H. Freeman, San Francisco, Calif.

Mogi, K. (1962). Magnitude-Frequency Relation for Elastic Shocks Accompanying Fractures of
Various Materials and Some Related Problems in Earthquakes, Bull. Earthq. Res. Inst., 40,
831-853.

Mogi, K. (1963). Some discussions on aftershocks, foreshocks and earthquake swarms-the fracture
of semi-infinite body caused by an inner stress origin and its relation to earthquake phenom-
ena, 3, Bull. Earthq. Res. Inst., 41, 615-658.

Mogi, K. (1981). Earthquake prediction program in Japan, Earthquake Prediction : An International
Review (eds. D.W. Simpson and P.G. Richards), Maurice Ewing series 4, AGU, Washington,
D.C., 635-666.

Ogata, Y. (1983). Estimation of the parameters in the modified Omori formula for aftershock
frequencies by maximum likelihood procedure, J. Phys. Earth, 31, 115-124.

Smalley, R.F., D.L. Turcotte and S.A. Solla (1985). A renormalization group approach to the stick-
slip behavior of faults, /. Geophys. Res., 90, 1894-1900.

Sadovskiy, M.A., T.V. Golubeva, V.F. Pisarenko and M.G. Shnirman (1984). Characteristic dimen-
sions of rock and hierarchical properties of seismicity, [zvestiya, Earth Physics, 20, 87-96.

Sano, O., M. Terada and S. Ehara (1982). A study on the time-dependent microf racturing and
strength of Oshima granite, Tectonophysics, 84, 343-362.

Scholz, C.H. (1968). Microfractures, aftershocks, and seimicity, Bull. Seism Soc. Amer., 58, 1117-1130.



72 Proceedings of the Institute of Statistical Mathematics Vol. 34, No.1 (1986)

Earthquakes from a viewpoint of rock fracture experiments :
statistical laws of the rock fracture at the broad
scale from earthquakes to microfracturing

Takayuki Hirata
(Department of Geophysics, Faculty of Science, Kyoto University)

Rock fracture has stochastic self-similar properties (fractals) in time, space and
magnitude dimensions. The statistical laws related to fractals hold good at broad scale of
rock fracture from earthquakes to microfracturing. For example, Gutenberg-Richter
relation, i.e. statistical frequency-magnitude relation, holds good both in earthquakes and
microcracking. Hypocenter distributions of earthquakes both of global catalogues and of
local catalogues are fractals. Hypocenter distribution of microfracturing in rocks is also
fractal. Aftershock sequences of earthquakes obey Omori’s law. We can find the clusters
of microfracturing that obey Omori’s law in time series of microfracturing of rocks. In
this paper these statistical laws and fractal structures in rock fracture are reviewed from
the viewpoint of the rock fracture experiments in laboratry.



