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Ahstract

Prof. Keiiti Aki (University of Southern California) visited NRCDP in summer of 1988
supported by the invitation program of the Science and Techneology Agency.This is t... lecture
note of his three review talks presented as special lectures for the Earth Science Seminor: (1),
Prediction of strong ground motion; (2), Coda Q as a geophysical indicator of tectonic activity:
(3), Origin of volcanic tremor.
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“Prediction of Strong Ground Motion”
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WwE 3 1 3 w
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2 s 2
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a3t ! L w ko WE AK
=
28 4 a0
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Bdal ok N STRONG
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g5 '} N 1 .
AL e ] P
T %2y 4w s ¢ | z 8 4 5 ¢ 0 g 2% XN N N
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B3 Rogers et al. (1984) L0 B4 Tucker and King (1984) &b
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T, Z#lid period OFR T, ZHUZAERT EE 218, 2RSS0 1B TTE S, 10
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EZATRTLBAICE BBV, FICERBIC Y~ 722 b siteeffect B b b9 &
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NG DA S DR RN F T
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z © z |
¥ | %
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L L r
-l -}
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-1 <
1 L: e
I I Lo N Ll I L TSN | S|
Q.1 1.0 [=X] t0
TIME { sec) TIME (sec)

@5 Kamiyama and Yanagisawa (1986) & B 6 Kamiyama and Yanagisawa (1986) £ "
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i, 2Hz TLHEL ChwnBEEERLTwET, UL, §ERBMELT L
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giou SR L BB L MED model #2< 4 £ LT, 9 model T California @2 5 5 #E

AMPLIFICATION FACTOR

100,

100F
IWT 3 IwWT
T-component - R=-camponent

T T ¢V TTTTT

LLARAI1

{a) I {b)

0.l Ay cal b L1101 Q.l bk iyl A RETY

Q. | o] ol | 10
TIME (sec) TIME (sec)

@12 AN - At (1986) L9




LEN - HIEREIRICHR— 20 - R T - 8 g

ONEE power spectrum 28R L T, 0 model ik T EaB D T, Fok |
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drop i3 N —FTHENILT, BrorkEDLDIZLN LT, 400bars <5 Wiaa i
244 slip DK EVEEIZ & barrier interval A9k & { % - T, local stress drop JiR{&
—EIlL B, FNN—FBORRZ 52 bITTT,

% 5 R TRz barrier interval &, ZATRLTE D ZT0, HEAEEHZ 5T
WEIOWTHETRILZ2MB O segment HEE2 &, FHLA2 LG LLD2 I 28T
HBATTH, 503 8ED segment & Z 5 vy barrier interval * A2 AEE LIz % 5 &
BoTolthi3 T, 244, ZhRET L, $ED site effect BHIEIC L - T barrier
interval 8 BIIERC LU % S %0, stressdrop (38582 B 2 ¥, TTh b, »
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Lokt BInid, Z2oERIzH LS segment &5 DIEH T TRLIZH 2 segment
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HEECIDRERL e ) EITLAEEL &9 HET, HED source spectrum DFBRT
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NI, AR L O —HIE, site effect & B2 AL I B b 122 Ehh B A
THFA, A4 fmax L9 Hanks 275 ML 72 2 2 Ty KT spectrum 2 RT3 & &
DI B LI ETA 7 v & sharp (2 spectrum A5 - T (. FALAK Y 90 RT3
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TATCTA, AFHIZEEE Y £ 27 spectrum & XA A parameter £ L7, 2 f max
Lo D LT B AT T Hanks % Bl UGB G020 BRI S 0 2 T A0 Es
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microzonation &7 2 & ERLE & B, —RBICL »TE D LTI ATICHEEENE )
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Fig. 1. The records of two aftershocks of the Parkfield earihquake obtained by EV-17
vetrtical seismographs (unfiltered) et two of the temporary stations of U, 8. Geologiesl Survey.
One of the shocks is located close to the atation I and the other close ‘o the station 9. The
wave groups arriving earlier than 15 sec show the feature that indicates that they are propagat-
ing ouiward from ihe source. However, the Jater portion of the records, which is only clearly
eeen on the high-gain trace, seems to share the same spectra, whether the station is as close
as 1 or 2 km to the soutce or iz located at 15 or 18 km from the scurce. We assuroe that they
are backscattering waves due to distributed heterogeneities,

B1 Akl (1969)4& 9
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IOHZEFRFENESLILTREANLHT TTA, BEICHLBIIC USSR TE I3 2 &
EFRoTHEZASNE LT, 24 (®2) (2 Khalturin & Rautian & v 5 RO HBEYFE
TEH, S A band pass filter A7z @ EE L L 3 AR OMER, ChISS 3w
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0 Fig. 7. Examples of coda envelopes in different frequency bands beginning at S-wave arrival time

arge symbols) for events with different epicentral distances. The overlap of codas begins between two
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{1} that best fit the data in Figure 6.

@2 Rautian and Khalturin (1978) £ 9
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&3 Aki and Chouet (1975)& 1 &4 Aki and Chouet (1975)4
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ASSUMPTION: THE AVERAGES OF THE PRODUCT OF
PRIMARY WAVE FIELD AND HETEROGENEITY IN THE
TWO ZONES ARE EQUAL WHEN A AND B ARE THE
SAME SOURCE.
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and Chouet, 1975]; 4, Iwatsuki, Japan {Tsujiura, 1978]; 5, Kinki, Jupan
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Fig. 12. Observed Q™' of § and coda waves in the lithosphere and
the curve theoretically predicted.
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Fi¢. 3. Lecation of earthquakes (O) and stations (A) used in this study.
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F1c. 8. Measured coda @ values at 1 Hz with time window from 2¢, to about 100 sec and the contour
of constant coda @, The measured value is shown at the center of gravity of mid-points between the
station and epicenters of earthquakes for each atation. The doubie lines under the number represent the
measured @ in class A (variability of Qo less than 20 per cent), and the single line represents class B (20
to 50 per cent}; no line represents class € {50 to 80 per cent).
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FIG. 8. Map of coda @ at 1 Hz and epicenters of major earthquakes with M & 7. Different symbols
&re used for M > 8 and M < 8, and also for the time of cccurrence before and after 1700,
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Proposition 1

The spotial variation of coda G~
correlates positively with the
seismic activity,

Coda @' in general expresses
seismic attenuation due to
scattering loss ond/or absorption

by fractures created by seismicity.

=20



WER PR — Vg - R 8 I

., MHIZ attenuation BEb ~ 2 HIZE 2 LB ALHE.

., BESNTC2QOERORETTY, FnL#EIE6E6TH- T, BEIZL
S TERELLTWERELSH L, HEEEIZIE, T2 Haicheng HE & #* Tangshan #&
TEH, coda @ Q inverse I3HENANC 32 T THBENEIZE - TV B012, PED Q inverse
IEIZHENRIZLZTVS, £V LI T IERFFEFELTAT, EILEh LV,
HENBRTEDZLOV RV EG IR TE Y 274, BT 0EN T, Z0KIZ,
95 typical M E B HiIz4 T 7,

(&)

o Lo

°
8 ® a
o0
oo

o 0

o

Fig. 6. Epicentral regions where coda shape variations were studied. | = source zane of M-8 earthquakes;
2 = small earthquake epicenters, @ —outside and 5 —inside the forerunner anomaly period; 3 w seismic
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molé-‘aematic representation of the constitutive law (cohesive force diagram) of the “slip weakening”
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Fig. 5 Cumulative number of earthguakes per year and per 200
km? obtained lram the data shown in Figure 4 lying below the deiee-
tion limit, The curve (abeled “Area” is obisined by dividiag the
number of earthquakes by the squaze of the ¢, at detection limis.
The curve labeled “Yolume™ corrects for the effect that the 1otal depth
range of seismogenic one it nol sampled for M < |. The observed
curve for M < 3 shows & clear departure from the extrapoletion of
empirical relation for M > 3.
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Fig. 5 Adjeiring scuthern end of subsel Q and northern end of subset R showing mosi recent [aull breaks mupped w1 1:24,000. Method of
covering fuult iraces by circles of raciusg » w 0.2 km is aluo shown for exch section.
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Fig. 5. L° versus r plots for subsets P, Q, and R mapped at scales
of USGS strip maps (1:24,000 and 1:62,500). Dashed lines are graph-
ically estimated best fits to data.
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Fig. 12. Observed Q7" of § and coda waves in the lithesphere and Fig. 13 Observed g, in Kanto, Japan by Saro [1978] and Aki
the curve theoreticaily predicted. [198043], and the curve theoretically predicted.
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Fig. 1. The barricr model and asperity models, respectively, for the
altershock and foreshock processes.
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Lshide- Ohtake {1984)

faux  plane Proposition 4
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“Origin of Volecanic Tremor”
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Fig. 3. Variation of amplitudes of continuous
and intermittent tremors. The continu-
ous tremor occurred from the evening of
Nov. 15 to 23830, Nov, 19. The inter-
mittent tremors occurred from Nov. 20
to 158:5™, Nov. 21. During the fissure
eruption, the continuous trernor occurred,
Amplitudes of coatinuous tremars are
maximum ones in each 15 minutes, and

D amplitudes of intermittent tremors are

= maximum ones. The amplitudes of tre-

mors from 18°20™, Nov. 21 to 18°00m,

. dolb Nov. 22 a1:e rou‘gh]y analyzed by using
R R strong motion s€1Smograms.
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8 101214 1818 2022 24262830[2 4 & 10 12 14 168 13 20 22
November Decambar

FICURE 48.28. —Partitioning of lava that was in summit reserveir on November 14
and lava that subsequenily recharged it from below between summit reservoir, lava
lake, and loss from the reservoir-lake system (to east rift zoned}

E6 Eaton, Donald, Richter and Krivoy (1987) & ")

IO F7) 1362 EABATEITNT, 1272, ET20—F TR TR
EidE, IHREBEBOBEELTIIAMBAIWME -2 2ATTL, MEINEREEY 2O
THRLTHOET, BRI EEI MBI OIRIEAS (LD EL T, By - Bk
LT, 2RBICLATHC, FAT, Z2TEE-TLES. ZHE, ROZOFLIIR
LTkt ETOA, £ lavalake TEHEIL T ) 27 vent H+ 6 BT ( 2MEE, fountain @)
BMHEROEE, TTHh6, BAEHO— 20 measure & B T /zfii b0 EBn

LIZEBRVETOMMER TN Z L TIRT B, ZANCEMT 5 £ v DL, £ summit
#ideflate, IHIEA I A Tl E2bobLEd, TThb, IOMNENTAN Lhvn,
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2% Y reservoir @ magma AR A S, F OB 72 5ATT OERIZ Y - T Kilauea [ki &
lavalake iZ72E T &, 503 2 EAMTHN TV BMIZZ 5 v+ tremor DEETH -
7.

T s, BREHT, lavalake AR F Wz N 2 LT, #RTvent 20 L&
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Lo TEPZ% B, 2% phase 1 LIEATH N 4, 2o phase 1 Iz Kilavea Iki ©
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VOLCANISM 1IN HAWAILE

NOVEMBER 1959
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EXPLANATION
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® UWERAHUNA LW TAT
CSHOAT BALES ;

0 ML LON
CUBIC METENS

QO WOLUME OF LAvA
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£

HEIGHT,
IN METERS
u
8 (-]

AMPLITUDE. N
MHLIMETERS
= o

OUTLET TREMOR  FOUNTAIN

Ficure 4.2, —Eruplion and deformution parameters during frst theee eruptive phases of 1959 eruption. Velume of lava in Kilsvea 1k, east-wesl compoaent o
Unwekahuoa liquid-level ltmeter, and north-wouth Press Ewing tero-fine snomaly are wperpased in upper half of Sgure; fountain height and tremor amphitude at Outle,
station are plotted in lower half. Duratica of individual phases indicated.

® 7 Eaton, Donald, Richter and Krivoy (1987} & 9

VEZZ|{Zphase 2 EEATHN ETH, T5vnJ 2 L phase 35 5200 ¢ 58 DE
SNLHBTTY, 2Eidphase 5, 6 (H8) kel AL LI I EPRI-TWabit
TTY, 2ZATZASEX drain back © & X2 § fountain 257\ & &2 L kBN A L TH
TV, ROREICIE, UWERBZAZALREY >Twe, &P skipLZ LT, 8L Ew
DELETTFLTHE ), ARZBOTREL & 5% 2 49T TE Y £, vent 45 magma
HHETH-T, 2D MBI HRL L -T, #0MICRIUTENTHD, Fhdistop T B
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4. CYCLING OF MACMA BETWEEN THE SUMMIT RESERVOIR AND KILAUEA IK! LAVA LAKE
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1% 18 21 =] 3 L] $ L] » at oo 3 ] g 12 15 18 21 o0 3 [ 9
Decl Dec¥ Cech Dec®
DECEMSER 1953

Ficunre 48.24, — Eust-west rale of tilling, easi-wast cumulative tile, fountsin height. and Oulel tremae amplitude for phases 5-7.

8 Eaton, Donald, Richter and Krivoy (19873 & Y

VOLCANISM IN BAWAI(
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DECEMBER 1858

Fioure 48.27. —Eaul-west rake of tilting, east-west curmulative tilt, fountain baight, and Outlet tremor asnplitudes for phases {5 and 16 and for episede of tiking and tremor
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Loog-period evant Long-period event
st Mt, St Helans at Feoton Hill {New Mexito)
ot 9 3-8} (Feblee]. o 11- 4-81 {Fehlar].
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LER-BRRENG— 2 - RT - 8 AN

IUEE 28, R Fenton Hill T4 wAv A% signal &0 T ¢ 2 (H26), LaL, #
DHOECHBIIEREIN DR EILREALEZADLLEBTETWELL T, WO =D
Lt peak 311 & A EREICFL spectrum DEE R L TE D 2T, Ziud, EFIC sharp
7 peak #72 { 2 ALk 9 % spectrum TH N T,

L FERCERESNLZATIRAEIZE» L RETE ) 27 spectrum & F L RATTA
((27), RECRT, BEw TR EREICE-LHBEEZ LT A, spectrum L FILIZE
LTE-72RE L T2 345 FFEFICERED peak VWL Twad 2 a805, oA/ E
system ANE < 7240 ) 12 excite FALTURS L TV 2D Tl % v, 2909 L) 2B TER
LT it T1,

I LBEL T model (R28) 2% N RWEERMH 2 A TTH, i TldEIZ Bernard
Chouet &7 U. S. Geological Survey 12w 5, TMIT 28D 2 L7z ASBR L 72 program
EbilbibBE-TE0 2§92, JABMELHNT 2w iHEEnEs L -ENEL2EL
2T, KFEHLEZZI I ENE»H L, XYELZEI VI ENE»H 027, Zo8inE
REATO IR SN Twa, barrier EFEE L2 EL, 23w bnd 3%
sl excite TAhENGI ZEEENHI(broiubiT T, L¥HEIrETe w2k

FENTON HILL. LP events

H}r%&l\ ‘ﬂl‘f-,'li vw WWWMW VIS
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I hh b e bl AT, IS D S ERHE A o onTnd I AH»T, £
NAED DT A TEFEREFL O THET, 25w ) &2, H%TL model & LTHE
%475, BALED smooth 127 » T T, OB TV abd 2 Tnd, £DU -1
B TG & D AAA, EEC, B K, # DICES A D AA T excess pressure 252 4
NETNT, FAHEESNIIED &0 LT % source model £ Z I TELTAHLT,

28

The erack Huid dynainics.

Conservation of monentuin ¢

18p aU 12
pna—‘:+ﬁ+p—zd?fj—0
1 8p @8V 127

7oy B nd

Equation of centinuity :

Relation between viscous shear stresses
at the crack wall and
the average fluid velocities :

Fe = ?-U
1y 6:1/
=29
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WAL AT E £TH(R29), BRI 2RTHL LOREZ Ty LT, XY
FETuE v, #0ash, ZHFAGIZENENES TTh, HEBOERIAZ F I w, &0
THETA-TETEBY 2Y, 22 TOFETIE viscosity iR AN TEH 0 A, viscosity
bARE I -TENET, 2RTOESHHER L EMORNE 2EW2 LT, BEAnE
ZIERAE (K30} 73 & 3 (2 EH stress & strain DEME X EBN AR & # 3 RTOME L
L T finite difference THE( HITTT, FRFEMEE L TLRD L 512 (J31) crack NETT
traction PEFTH 2, £ 6, RS L AEELASTZ 00 29, WENFIZ S
Ti3, crack PWMTEL - THRENES L ERDES»—HT LI LTH 0D 7.

Equation of motion as a system of
first order hyperbolic equations :

a dé 80 S 8a
o= (52 + 5p + 3u) +ule
a 04 0 Bu 8¢
iom =2 (50 57) e
ad o 9¢ Bu Ay
50"=A(£ a—v+a—‘-) 2#6
80 - D)
aiow=s (54 5)
é _ e du
5“033 =48 (‘a—' + a)
i - v Gu
8t"ul = u (a: + 'a—”)
a 1 /8 8 2
FTide o (aau + aycsy + 56")
a. 1¢/a 8
Et"' = Z (g;azy + ayﬂvy + a—zﬁy.)
- 178 a
Ew = -p-;- (ad,, + 3 Cyr + a—ﬂ'..)

230
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I3 LD LEREMTRIILDESHERNE SRTENETELF-oTBEZT. %5
LETE, BT 2Dz Derack B (R32) « » - SR 2@ crack &, #ich-»Tn g
T#% 2 crack E L2 51} 5 crack DEEIOEOESEA Y IR L X L12%EH L P, crack
DGO, L0 T 200, BMAEKED crack EAOEENREE S LTHTEVD &
1. 4#, £ % dislocation theory TF 4, RHEHEANIL T, BHTHIS AL
REDHLHAE, IAREBREFOHTLI-ba iR0-TwaZ ETTH, kozT, #
JLETE, ZHEZRAPE, ECTHRESAZPHTTY, 29w i LorBiisns
BETH 5B,

s (H33), crack MEIZZ I WIETTA, WA AL barrier & BE £ 7275,
52 2REIN L X i % source ) excess pressure ¥ 2T A EOH, I OBLSITEEWTIC
oTed, ZOBRBIZIEI IV I LIEEB(E T30 T b, mode & LTIE 26
LBIZIEH S L d e mode LA TEL Y, I56MIEZ DL 2 mode 132 L1 2, #
DIz, e DHRAE Ly spectrum 258505 £ 9 12% - Twv 4, 2 resRisde solution
T, ZHA spectrum DETE, ZiE, BIZEOBRAENLEO I EEL S0 (X26) A9
FEIN L (T ED TR L s BaE T,

T excesspressure #7213 L 2 AR L WTECLET L (M34E), 4Bz
LD mode LIHTEVN 2L T, £ mode @5 HDH 2 mode 72 £ 5WDH 5 mode &
HRLET L, ZZi—Dpeak RECHMTEZY. 2923 peak 7T B, %9
WG ZOOHAED mode HFHBTH L, T, i (HMT) SEETTA, 29O BEE
BREL LI ERATWEHIFTER, 25 v itEIE, USC @ V.Ferrazzini & v 9 &5

Boundary conditions.

Uver Ll vk surface

Gar= =B, Om T -Ta G = -ry on 5

w=0 &, =0, #,=0 an 83

8, Is the crack surface
8y is the crack plane outside the crack
to observer

At jeeriteter oS e erack s

Y=g song |2/ =Wi? wnd 0S5 L

LaEN) along -~W/2<x<+W/2 wd y=0 and y- 1L

=31 =32
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RTENET, TEMNILALNLLALOELEI LA TEELT, #5053 k9B Eh
EINHET crack DREZRIEEZAIMTH L &, FEITNEWLOHPEIEL TE T
BE0TT.
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—2M, 23 TEELTE T 2L DNRTHRELBE R~ TEY £, spectrum
peak OIETT, v F T Tl logarithm THETE D £ L7225 2% linear @ scale Tenergy
spectrum & LTH 6L T & (3B, £iZEDpeak i3 Z d s I ABIZh-TED
21, Z peak @ spectrum SUET T4, ZOIELWEED impedance, BEADHDOBEXEF
BOEE, &9 %o TEHL 7 impedance &, BE4ENH impedance, BE - PEGEEZ
#itrz Lo, Zhaolby, YR spectrum OEABEEL T AL 9 T7. 32w
A A7 parameter HBATTY, £ 03 NEnE I 2 TEE 2 L2l E LT, impedance
@ contrast 7212 L 29 &, Z impedance 7 contrast >4 5 resonator Q. Q&
VDS, ZOFEEAEEER ZOBRTE - 2L o2 Q ERERERL £99°, 2@ impedance
BAtkEa ) g+ 8, ZoQA K impedance (L FNLDIELCENET, £0v T &
%, 23 BEERTE,DIILITTT,

Fvg I, HREE, BB DT, EOROPISEESA - T L2%EE
BRI FNERT I EHFTELET I, crack OBETLRELT W) 2 HiZh-Twa L
95 TF, 2% 0, Z9 v spectrum OHERAR L impedance contrast, 2 £ Y radiation @
loss # ¥ 87 2 (3 impedance contrast T3 2%, ZOMEIREN. T\ A bITTTY, £
EREOBREIRZRE L THT W ZEIZL - TRAILTV{ energy, T34 5, impedance contrast
HRE I Fenergy 1L { trap EN A BT T, FORSITE I D peak HFEFIZR (AN F
7.

Dependence of Width on lirpedence Contrast.
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it b 1 £ L 72, Hawaii @ long period events 72 spectrum %2z L { #A~NLH L2 BB+ L
2T & (H36), D E-ELHMTwEL 2 Kilavea DT ET, Zia*Kilauea ki TF,
Lava lake & 72 & 2 A, Z#AEast Rift Zone T Puu Qo kv, 3 active /-2
RN Z Z LA N ET, RO, BRI ZICHERCIELSLOEENEILT, £0
& FIREIC 3 fe e digital T, 2% ") broad band @108 ¢ L2 TR LR T E HME
b AaFRI IV L ICEEBLEL. ZHAROMICVWAWEBSHIEINZL T, v
% % long period events L 2% ) b E L7z,

FHTRET & (E37), kKOF T Kilavea @ long period events & v 5 I RAEZ A LT
EFLT, Z0A HVO & BEISE T, 2200 5 event OF]TH Y £ T4, spectrum % log scale
TEEZTE, ZAGZLOPHETEYET. 2L, St. Helens TRZZL O, $/2%TH
P2 EBRELETY, KB, EXTWLETRENTWETLAOE, LR 2AL
CHETBYET, 2@ spectrum 2L S A LEL{ENL I LB LT, 4% linear scale
THERHELZTE(H38), — oD event 2ZOOBMAATHENTAE L, ZHISEEE:
prefliminary &R T, EFIZE{ OdataH BN ETOT, Lo ERLELERITE 3 HT
TATTH, ZATELAYIENETLESIZ, =20 event TLEIBES TR T2,
spectrum OEEABL D L N B - T 27, 51T sharp % peak #7H 2 A T3 4% £ peak
BRETLUELLDER TS0 Tiddiwn,

..... . 1444,
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KILAUEA VOLCANO LP events

T

-

Y PRV S —

3 19 15 P 25 0 sec.

&
5

L

R S——

Lo Displacement Spectral Densily (i)

=
—_—
e

T 2 3 4 [ [ 19 13 70 75 30 s,
Frequency (Hz.)

X317

A, Eo b random SR TH O E B LT, 2§/ ( 2 A9 long period
events # stack L TA T 72, 293 peak %, HhALDEHELZ T, BLH5L L H 2
Dy X BT 2 2ATT.

T (339), 33ME™ long period events % & ZEAA, HVO & v 5 BE g T2 FAE
DA, 3 AN DN TRL 2 49, 24U L 5 81 % 8BS T 4%, 3618 long period
events  stack L2 LT, FAR IR DV TRLALD, 230 THETE, 20k
22 AD event ® stack L TG, EE5HS peak (AN AN ET, LA L, £ peak
I33E%12 sharp TF . stacking &> J D44 peak DIRE L T 27255 B9 A TT5
TS stack LT sharp 72 & V5 2 L 1A YT sharp A5 5 L En2 T, QuzL 2L
T, 20£4230& 5% 9 v ) sharpness T,

LLLbObLADEZ T b model XIEL & L E T &, 202 k13 impedance contrast
20 & D30 TRIFAUEWIT A, Hi#l O magma TiE, & TLH # A% contrast (28 kit
T, £ LTLREFLEICL ) 2T, REHSAN T 2, &K bulk modulus 2581 %3
@T, I v impedance contrast I FEIEETT, %l & cvelic % eruption ¢ episode %
LB LRIBYABTSH Y, 22 TLRESKEI Y - T ELDT, tremor 214 magma
P TIEE L gas MBI EREZEL TR0 TE T WA E W IEXAT 50T TT.
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KILAUEA VOLCANO LI? events

1988/02/17 U713 _ Veen /02417 (a7

HVO HvO

a4
ﬂj!

[} 1] 1 .

- .
g
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ESC ESC

[ 1]
a3

., %M wﬂ;% L .m‘;\..\__‘_._ :

Frequency (liz.)

=38

WEETOEZ A, 22IFEC preliminary ZRERITA O THL biFRWATTA, b
%A model L& Z T2 A TTIHNEL, £ model DHTH %77 driving force, {i]* tremor
R L7 excess pressure THKS B E 7255 C, ¥ 0B 2 bz Lo T EEY LS
LT, ROBEWSREENIOTET L0 L) %2 LA EREZ LDEDTIZH
SO TT, ZiLh, - ED barrier &7 trigger X213 % 923 L D EHE(IZ model 1EL
T2 hIT T, —&KA% tremor % drive L TWa D, JIUIRROMBTT, #10
%5ti2 &' @ Eaton ) Hawail D#R, $ENORKBORRY Y, 5 L magma #*HRiL2 B,
Tl & WMEORIEAS HFIBERICA S, 25 v 5 Z £ 2FAN2MIZ, 29 v 5 dynamic % model
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HVO 33 LT eveotn stacked KEA 36 LI evenls stacked

A
i JI I\‘ I|‘ “ i? i
Ux\ "r lﬁhj W}.W‘L J \*M‘UL _\
| Ew |

!
. "’{ f‘al,'- PR /‘."...-f,' el P :.‘”l LI .
: . i ! :

" ;
Frequeney {Hz )

39

P b—#H:R L T, H kinematic % model # & 2 3,

fok ZITHESH TE 5 Haskell @ model & 4, # 9 \» 9 physical iIZid & TIEL Wit
&4, kinematic 2% % source HHKINERAET 2, 293 L DECAENALRANEEL
A e, &9 S BERT, 8% kinematic % model 2, ¥iZ 27 magma NHRE &
BEOEREGAIBERPSELTARZIEHH N T, JHIEHEIT L Hawaii DR CHE
T, BAIOBEEC BHEAIEE I ( Weycle ¢ H v, FFICIEFVML (L - T32L 25T
4 cycle ¢ 6T, FOEIEABRHC L B L RKEZ - T, 20RBMEICL S LT &
ST EHHSLDTTRL, FNERBTINCZL 2EZ 5 ) crack #HEA T3
& (40}, magma ¥ (Fvi2 i -7z crack #5EA T T, ORI T magma AT D12
ENHLIDNLENN, BOLZIAB LRI EBPRIS,»ETETE, o
FV G ETHIUEZDRBN—ENERNBREIZ Z N >GDENENRE THRE» T
3, #NH, & - & magma DENABL L~ T, MonENBEXFERICIREIL TW5 L9
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RN ET e, BMRFc ) g4, TT8s, 2oL I EABOFIZ magma 2T, £
AR L T 538402, 29 v ) model % & Z MUTEBRINREAFERIZRE C 2USE
MR (LS, 29I e EARBOMEBOBREFICLHTEN T, @BHSANTWTII LA
HWENTEDETH, $2REITIZENEI-Tndasd Lk,

FHILETE, 29— 0%d s T BENBNR AR A~ magma #T7< £ &
HREIHAEOISE, RIcHFZE T, 25 step ¥ FL T2 bITTT (4L, 2222
SOENEHEFNFN magma 2FEA TV, ZHLEIOBN BN magma DIENAIZA
TEALD -TET, BLOT TN EEBANLETEZ, ZAHHEEIZ dynamic it 282 5L L £
T&, ZITIRESECZT. solid BRI I ESEFS220FTT, £ Lk
By, 20 magma IR BEILAELET. AILETE, INEANLLTLLOTT
b, TEHNTEELT, ZOTEMARMICTERTVLERWETS, 29w 3L75T
E5ETE, TABEZETTSL, BIDERHIIEFICEOTINEZ T ELENZT,
ZOVvIBIZ L 2T 1 cyele B &, HEBORERS—DHE L7, T4 & EIC magma 252 3
BMEIT A, L2 T, BB ORIE S magma HHEIE L ORREGRICOITLZETE
£7.

Mulitiple crack model for step
like period change

40
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A, ROBEOPEDERE R, LOTT(H42), PEROEFEZZALE T A0
%% model ) parameter, BlAL B @IE, FliLHOREW- 2 &, B &, #Offv 2227 parameter
TIFv3Lder 22 TEE T, AL parameter # - THEOF LHRFTOT,
ZOBRIIMBIIHE LT, ZoBRIIREOBRICT ) 27 KEBIDIRE & magma NRE
HHEFILTEEY., ZAl, BEIFEATEL ;- tHL EFLZTHY 2T, 20BERIZ
HIIHBELNDTHN T4, 20BREVWLCAS e kLIZERL TAF L2,

f2E 2 Tt Kilauea dTIZEZ - TE D 38 tremor DIREFHA L LT, £
L% magma DFRITHREL T, TOMEBOMERM ZORBICETEL T, Flto
magma ZERI N LI DR E TG model B L TAE L4, F5LFF
&y IOE A IZI2ES LTOENMOERERSEEL LT AT, IHHERIC—ED
Bl Thz TE0E L2, #0OEICE, BETRBEELANUBHIFCLVLH-2ATTH,
ITneidsbz VBERLLIL, —BRELCAUEHIZNDBIZE-72ATEY, F0 L &2
IOslope WA LRI T2 T, D2 d2E, 2Ok Tmagma 1 ZT &, EAN
B> T, %D ize2 potential O difference 7555 < %~ T, v & 25 T magma OEEIHIE
BRIzl X2l edm 20 LNLERAY, RMRIZETEICEENICEI » T
BYHFT

+2 2
‘ .y A+2ucosed FEr)

4 wpadr

7Q'+’f“c, )
o e
f e ¢ F !

if&#&l

3) m f = wau/

(5 - 52)
v Q
fz = w,:\u/(\:— - = }
“ﬂwL_ﬂu)
.\ (.1 L ‘i) - N cos ¥
A /m\ ':fzh(/:Jr -
41 : 42
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IO magma BEFEET LOIZE T 205, 20 reduced displacement, 2 9 reduced
displacement & 29 |, HERBEH S A E L 2HEOCKOERERY source tET 22, =5
#HE deep tremor TEH 5, EREL LI LT, EECERERE+ST LT, —IE
RORIEIZHIEL T3, €97 L & magma OIE & P EEIBEET S, &35 model
TLNETE, PEABEIENZELTERL TR TAETE, order BEIATT, &
Lo EEBCET, 23R, THEL 2 L2 magma DHEFRE, ZofBicfin iz ¥ogsrE
BRI EBDL/50% ) FT. 21U, vwAv A% model BREETH 25, % By it magma
EVIDRIENIL > TREB T EI I LW THAICR-TL{2E2ALH 28, #3053 &
ZADVREPIZHEL )R, BMETEBIETEINTYI I T, b J FHEOSS
@ & 12 plate MEENAT aseismic IZEZ L L 2 AHB B R L 312, magma DB AT
BrEliTiel, BB T84 HL eI LI BRTIZ L TEET,

Larl, SHL—2HEIDIRIE L, £ORFHEM, N magma DB LR S L
e, €3 LDIZBEL TS, RERF 2O TIEEVATR VS, 594k
B BT T,
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Sw AIFT SwarM
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&% @iy tremor TT, HaNBEFRTEYETE, $5 £33 10Hz 2 TI3w &2
A, 8 He Couwvdidf LY, pALEESHz ¢hyy, AR EEFLOHz ¢CH 0 E
T, BN LEERHOL O -2 02 (HM), £0 & E0REEFERICII,
S TAEFTE, FILINEEECHESRELT EEIREGEED, ZHIGEED
WEZLTHANDETY, BRICBTARBOBREAZ LWL LOTTA, FLEREKENHE
RS AL LT, B RCABIICEBLAE (L L9 TT. I, £ Hawail
D TIZEZ 2T 2 tremor 1I22GTHERTATTA, KEOEAXD L ECLWIICHEE
HMELV)IDAH LT, THERIIZIAERTEANRANTELSNET, TORHEIARK]
MT, FOLEDHEBIIBEL VA LHEL TAZTE, KEEXZLTTS, o &z
DB EZ AR TENY ET,

FKEOTIREI ZHEEE LI DI, - 1E0 4 L 4 magma #* Hawali @&\ tremor
FRLLOTHEELETE, AL » EROOFIZLN 2545, 27 Hawali THEZ
N7z group SFEFEICHANL B0 2T, 23400 W LAWNES I A TS, RIEZIDC K
CWOBEIZH S L D wHERSHTETET, Lo L, Hawali DHBS L DEWE, BIIZAD
B2 iEBCSENE-EVRTED 2T,

T []IIII[ [ I[ITTW

o
]TIII[

n

T

llllllllJ

o
[

frequency in Hz

| IR R I A

2 5 10 20 50 ICO
Distance x RMS omplitude in cm?
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EEH- - EBEE— (0 R - 880 -

N HREREDCE £ T T 4#(H45), 27 BRETENT, RELTEH>RET
&, ZOESIPEDBEETELZEALCRZ THE T (E46), 21z, ETETL S
DETH, SEIEILLTETENEY, KREFTREZTE, B8R0 L2L T,
ZIHEIIZSEPIEEZIE- B (FLT), I T ETL90Z, PEAZ ZTKEEN:
RZTEYE¥2, signal DEEAINTREIM EHBHELTNCLVOESITPELS
WLETENZTL, BELPR:SHTELTAHSOLFEMICELBEBEB T2 T4,
INEEREPELPCINCLVORBEHTEREL 2N THE T, ZHHELIBOEESL
%2 barrier HBIIEL { WA T ToXs, 230, AN YR T( Ed, BHVI L)Ll
TIREHATELWHITTT, I IEBTRIETE, FACL - TREEIEL-TE N
NEFTHL, ZOLSICEFCREHE» LA L ZLFELLTPELSELELS LD
i3, BEREEVIREFE L TIREL T3,

TFh b, magma Ak wh LD EZ AN —HRL2Zr B ATTY, Z0SEEE

36°

35°

-]

Fig. . Locations of seismic stations. Solid circles are stations of
NRCDP, among which the symbol with 2 horizontal bar indicates
stations where digital data were obtained. Open circles are stations of
IMA (KMT) and the Earthquake Research Institute {OVO). Triangle
indicates the summit of the Izu-Ooshima volcano (Mt. Mihara).

B145 Ukawa and Ohtake (198704 Y
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Yertical Comp.
T-0-4{47.0
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(wy) asueisig

Fig. 4. Record section of vertical-component seismograms. Epicentral distances are based on the hypocenter location of
the present study.

46 Ukawa and Ohtake (1987) & 1)

I AU HETWBNR U2 2T, EEV3 3003, HEEOR YL T model TR P
2 M T SWpE % 0 HTIE% &% 13T, Hawail % & BRI THAT 8142 1L T%
Dol OTE L, SEACHBTREAEH SN EFT0T, FOSEL{(ATLLGE
By 44, Wi $ 7 Hawail THEITL EF#, long period events TL, S &3 4
DEFRELIZZELLNLDTT AL, THRSEOERES LB, Lo, bL
L 2fA  Hawali @Wevent L7 L 2L, RENRE, AHOEREISCHEL LT
BV ET, 7272, duration AEVFE LT, ZASN0BLGLIM TTrL, HEBIZAREL(T
LE@total lZHA Az 2B LT THN Z LT, 4 L Z@BFS magma OER THE
FlED AT LETE, L FIIEAY D magma 3B LEETIIRELEIL2E-T
ERAR AN TP S s/ - S o

EZAY, BEIUNEETTIINEL, ZhLBENEAICRE TR wkATTAY (K
48), 1979F A 5F - L 25w HEe Ioﬁg period events @IEIE & duration Fid 4 - Tis
g, IOREPRAB IV LEEL TEMEBEBIZB S22 2 2 LT, reduced displacement &
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Fig. 5. Record section of NS-component seismograms. Epiceniral distances are the same as in Figure 4,
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EDR N HE—FLVDHAED water hammer & v 3 HE T, b1z, MEF LS
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v k%, DENEEYFE kT crack ELTF 5 L LA TEN T &d, 9
W model BEBELDL L E IR LT, CEREDBEEMA-THATT, bl
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