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Activity of Long-Coda Earthquakes —From 8 Years Activity at Volcano
Meakan-dake, Hokkaido

Atsuo SuUzUKI and Hiromu OKADA
Usu Volcano Observatory, Faculty of Science, Hokkaido University
( Received January 8, 1997)

Systematic search for long-coda earthquakes (LC) was conducted for the monitored seismo-
grams by Usu Volcano Observatory, Hokkaido University at Mt. Meakndake from January, 1990
to November, 1997. There exist strong mutual relationship between occurence of seismic swarm
and that of LC events. LC events tend to occur at a slowly decaying stage of seismic swarm
rather than its early culminating stage or at peak seismicity.

Most LC events at Mt. Meakandake are accompanied with small triger earthquake(s) at the
begining of their waveform. Those events may occur as a seismic rupture which finally connects
two fluid filled spaces under different pressure and allow fluid to flow rythmically to lower
pressure side. Such environments could be easily attained under quasi-equilibrium relaxation
stage rather than under drastically varying stress condition of shallow vent system disturbed by
repeated heat pulse supply from depths and consequent sharp developement of seismic swarm.
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KINES EBE L UESEHOBBBRSFELTCwE I R IasNThd, CnbLDEFGHN ) b,
EHREREZN - KRR EORERBERCLEEIL, & <P o kUMHE & kUMHEE D 2 B
LHREN, MAFHRO—DDOFNLFHEL % - T b (McNutt, 1996). LA L %o b FEHEORE
BTG Z L%, HEIHED OBELERIILT LOWEETL VY, BREER Lix, MR
FosiRiED H Ik T 284 %2 08 L BRRE %, MHEOBEFMHENHRIZOWTL, #
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ERMER, 194FE 114 B0 a2 7ol 7 kBl 5 kIS 6 £ D XEBRIEH
gL e R EE 972 (Gomez, 1994 ; McNutt, 1996), ERMHES K ILNIEEI D ¥ DLtk
MTFTREL, MEFRL TWI2EWIHMRIZ, ERBEORERBOMER KLBR DS, &
BT L RRDIDD—2oDEEE T LOTH A S (EHMA, 1976 ; Herman, 1990, Gomez and
Torres, 1997). Z ZTid, MFEETHEET ZREBEICOWT, FOBEMBZIEHHRBORE &
kB & VKU IR & DBIEIC DWW T, B FE AT E A BR K ILBWETIC £ 5 1990 £ 1
A~1997 4 11 BO# 8 £ DBE 1o BBEER 2 AV BT R 2 5T 5.

MERTIE R 3 AL E R IO MR VT 7 Bakic B U BB KILT, BRURBOEEI CHEI N
2onkk0, BEHlORY2eFR2 ) AkOBLUCZFOILEBIC—BIELMBL TCwE o522
KOHIUTHIC K 5 (Fig. 1, Fig.2). BEEomE ki, 1955~1966 45, 1988 4F, B L1F 1996 FElcH
ELTBY, FLLTRy=F2 ) RAXODEZRAOTITHRE L 2/ MR LOKERBRT, <7~
PEERE L - BIEEEMORED, HIZ@BH L Twin,

L Lt s—FTld, MAERLT>7HEDERLTERTSAOERIRERE L-TE), Rre
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Fig.1 Location map of Mt. Meakandake, Hokkaido (left lower inserted), and its
topographical map with seismic station network on its NNW flank.
Ponmachi-neshiri Crater (SW) and Nakamachi-neshiri Crater (NE) jointly
form the truncated strato volcano Mt. Meakandake. Historical eruptions
since 1955 occurred at the craterlets along the southern rim of Ponmachi-
neshiri Crater or at Nakamachi-neshiri Crater. Seismograms used in this
study are mainly from P3 station.
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Fig.2 Summit air photo of Mt. Meakandake (July 20, 1994, from Asahi-Shinbun
Heli, by H. Okada). Lower wider crater in right is Nakamachi-neshiri
Crater and the left is Ponmachi-neshiri Crater (highest peak 1498.6m asl).
Far right is Lake Akan. A popular resort town ”Akan-Kohan-Onsen(Spa)”
is located on its southern shore. Most seismicity including LC events occur
at shallow depth (h<ca.3km) beneath Ponmachi-neshiri Crater.

F A1) B O OEAIEEIIFR 300~400C 22 5 WRER-> T35, 7z, Hito 1988 4
B L1996 FOBKTIE, BAIHEEDEA ARTICWTNY 500°C 2k 2 5 kD HBCAR IO
LNTHEY, BARDEE L TEEEN T2 (MEM, 1997 LIRERXSASRS, 1997). F72, R
BOEHED 1988 FHARIREZEE L TER L - TB Y, BEREE T d ANEHBEDTEEIHES
TRINTHS.

F 280, KIBBSHERFEEZ L LT, JIBEARFAEICLY) P FRoR-) > 7TEAWIHBE
B % PR rER S N, 280 C 14 FRREIC L 5 IHEEREIH L Ic k- 72, TOREIC &
%k, HEFTSERE CIdEE 12000 FF£HIC 4 ROXBURZL = 7 <E8oH ), kb KINKERTREED
KAERBIEDH 140 FEICTRESRE L T 5 (FIEAE, 1997). TSRk ED & b EMERIEE
RekTHBZ &hanr s (FH, 1997).

II. EFMRECHITP2REME | K8 FRDHET —5 OFEN

HEFTIEEH D KGN BRIz H P T RB & id, TEN 2 km 0 EFIEHHIERICHE W T 1972
6 A, HMEBEFC L 2EFBERMZEBL 2. CNLOERERIICL D, EAE CRBHRISEENME |
CHNTESBZFICFENLZERD TRBHE] BRI N Z L RWEINTEY, JIKs
FEEB M B GELTEEL2L->Tw5 (FLIRERASRA, 1988).

1955 o b ND—FENEKIC BT 2ERRFEEIC L 5 &, REMEIRGI NI BEF WL I
72 (Sakuma and Murase, 1957 ; 5L, 1976). 1982 f£imMihE (M=7.1, A=#190 km)
BRI NL-MMEESEOBREHEBENR, ABRXIUEHNRNC & 2 BR8N T, &N ILUT(1982) i,
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BRMECBIRL (RN ERRENER R AIZENZ L2 HE L TW5

M EENERHMENEHOEE I NNIL, 198 F1 ~2 A/NEXDBETH B, BAITHILD 27
HEHCIEE - 728 L WEERSHIEIZ, RIBOKXE LB HER X RRERD 5K ) MO MM 70 iE
BERERLZ, W4 HEOBECWHRHERBEN+#E 2 &, EKRAENEIREBHEDREI NS
N, Dz BEEABRLkMS T oD B % 3 BT 2T, #E &AL BIBL 2. B
S LABRXLBERI T, ERBEHNZERL Tk -2 83d Y, ZokIUEENZ W TIZ
KINBATHEERERRICEP LR E L ZICBE > Tnd bR, 1988).

K[REEOBHBABLROBAIC BT 2, HMREOXUMMBOES &, RERBENORERYNE
%%, Fig.31oR7. P2 (*)id, BERMEFFEI-TRELLZEFHMLN TV BEHTH
3, Wik 2 MORRBHEBFAR &, BICHREEMETCHORERRL2EbELLOTHSE, 23R
HDOFESHAL T WL D TH L, TORTIEANOMBEES, [ZAMNEERITREALTY
5. BANERTFERAV5E, ¥rR2 8D TESENMRERES OS5, HERLHRME
FTCOEEE —DODN CRBIZERIFTELZ EHLNTWS (HH, 1985).

RIBTDOEEFEHEBEFR ARG L T, REBHENSTTEEL Ty 3B{EIHL2THD, LELLH S,
BB L 1996 4 11 A OBRHEOBI, RRHMENOREZALN TV W, FRENLH
Mz i3/ k2% 2 BIFEAE L 72 (K RET), 1988 SE R D A LI E RS, Z W LIRTicEEic
B, BEMESBRIEINEL EVEBELLV NV EEDE S ICh > T b I EPTATNS, AHL
ETIR, RICHKDEEBR T — & H84E S 1172 1990 SR LIBIC DWW T, BREMEDIES O FLMBHTHE
Fr2h~N5,

AEEKINBRATTIE, 1988 4/ NE A% 1989 F 9 A 13 BicB L W ERHUEIFHEREGL 0% &
o, EREFOEREN £ BIRE L 72 Qb kBB, 1989, 1990), EEHE 2 BT 52> L a——
THEZF —FLERIZT & v ) BIRLBRITH 7245, BRE L CEZOROEEMICHEEL 2k
AHMREMBIEGOEELTRER LB LI L TE L, KRG EIZD—DODRRETH 5.

HRHMOKNTH D, AFFREEFERED2H L H Y, FERAILBEIFT Tt 280 13 1R 55 o Hik
BRIIERREE L F 2 Twizdy, (1) KIUEHERBENEBSE,»SIHES (EFHER), (2) BER
HMESERBHE, BEES, BRLTALCHERNLESHRARIEZTCREL Wb (IF5RH
LER), (3) RBEIICHERYEERZEVBRURNFIRNEE MR LOEEN), (4) #H4
B VERE L C 2R L, EoS 4 KRB ATFMEE (1989—-1993) T, FHL  BHHENSR
KELTI9RE2 ATV A= BRDEME X - 2 (AbKAERR, 1994).

LITFTiE, 1989 4F 10 A ~1997 £ 11 Ao, v v a—F—ick s 2= —aHK+rH, BERE
HEDFEERERICE T 2 LFOFERAMN FERICOWTH~2, Fig. 413, 1990 € 1 A ~1997 4£ 11 A
ot 8 FEMORBHENEE (L) tXUEMENRFIEE (F) Di#ERE, 28BN 4BENTF
T7ELTRLZLDTH D, BRO—EPIZEE - $5AK(1995) ZBAL T3

ERMECERNIE, FLLTRy=F22 ) AOdERE» LA 1.6 kmALLHEBICMNETSP 38
Wao, BERY1IMoRERMEST T8RO =y~ B, RABO—EnFT— i
PlBES LTI 72 (Fig. 1 1), Mzt =3 —E& L TCHERUENEEMSERE (B)
ZRBMTRL DT, MR 30 L LD L DI HREIN TS, BHXBREHVW 2720
i, BRT2L) ICRBHEDERICHEILHS NI L7 % (Fig.5), ZoHE2RIT -9
Th b,

INLDT—FIL, FHLOBEIC bR LEHEICH > T, £FHEHO—A EAKR) 2% 8EMHT—
Yéf%ﬂof%ﬂ~ﬂﬁb,ﬁ%m&ﬁoféwf%é - T, RRMEOHERCHKERM O
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9. BREMEHHIEEZ, ZRNEERRIVEVLN TS, Fig.3BkUFig 4256, REMED
FHEMRICET 20 2 DEETNERHSHLPIC > Tnd, ELEFEA2LTCHERT 5.

Blic, REMBER B 22 L (REL TV, ZD757THBNIETELTOHETRE
R (BN 2EKLTBY, —D2—o0 [FEN] #5280, BoRBREIIILAETH
b, E2lT, KIIBEEMZ L NBEREAD L, £ ORI CHEICIEEICEELBRICHDLZ ¢
IREN TV D, FHARLL oM 2 FORBHEN ZHR ) K L F4 L 2362 Z o#ifIc 10 41
HY, 20951995 F 10~11 AOBZ B EMD IPIL T T, HRMEI ST 2RHICRRIHER
FAEET, WEBORAISGEL BRI LREIIICEPIICREL TR ICEREINS,
£ 72, BREMERBABELT SEWL~UZES L TL F - 28ici3, REBHENITI LA CRE
LaWimd abng, 72, 1994 4 3 A28, REBHENDREIE > Twd LIiicd A2 5,

WAl Ze e LT, 19924 8 A HBRREMERR, H1EMIZb 5 kIIEHENHIEHI L,
BET B E COBRHELBIADBLE L 2 HIcREL Tws, Bz, 199549 ~11 RoRRH
EOWENZ2=—7Th2. 8 AB LU 11 AOMENZMIAL L ERHCE, BRRHBENREL A
Lhew ERMERR, 8 Ay s 11 AHic T ¢, 282380 CGUEEEr RN E -
TWLRHICERHL Twa, 11 A1 BOHERMEO S, #9556 L 722 813 7 ALdEmE)
(04 154—05: 0D ICHI BT REL 2, BBESRBBEDORIEL NS REBELE» 7225 #H
4 BRI THBIRIB R L, SAEE LML, ZOBRMETRERBMEBREEL b 2.

9 ALIBEEE s Tz REMEIX, ZokIUEMEIFENK 16 BERIRT (10 H31H 13:14) B
FUIBEMIET (11 H1 B 01 45) ok b MBRIFMIBECIRIRORE (> T 5, MEISHRMES
FELGVBEI RS2 b bRLTVEPD L) %, ERHMENGEETH S, Tk, M)
FEAT A B BERHUE DI U 223013, 1988 4F 9 A DBERHE, B X 1F1996 4F 11 H /N AR & &
b 3IBNzL b, REEH & W EAERNICL B0, KERB TORBBE &\ ) BRo KIS
2 B8 E LT, MEFTEEDKERTIZ 1988 FLIK I D & 5 LAREEL KRR A &b 4 [
NIERINTWiZ itk b,

FEME T OB XIZ, 1996 411 B 21 BO/MNRE L KERBR LBINATH L, ZOHEAD3I A A
B b4 L 72 3WOBRIEIC DWW L, MEM Q997 »BhicEim L T35, S HTA»LDE 1
BOBFEMBEITHENE L 2RHIcEronRBHEY 1 H, FE2ET TV 2RO ORRE
BEAEICIEFBELL. LAL, BB U0k EEEMRL2E 3 HOBRMENKEIICIE, &
BHMEBIIRAEL b2, T, Br=oF2 i) @EikknFloESIEED 530~556C (FIEH AR
BB L BT REFEFOBE) HFiE 25 L ORL 72 1996 4£ 5 ~ § AP a oz, HERE
BIIRLEFRLEHETH), REMEBENREL -1,

M. 2B REMBOER CBHRME - )\EA L OBRFE

# 8 R OBYE L BB ER % v C, REMEBEDEDHY L HEREOTRER/NE A & nBEE %
FZLHEBEEMFFigd LTz ebon:, REMERESTORHAHRHEOTY L BHICBRL
TREL T3, FFC, BEER ST LY RORBHERD, HEMEOTRE EORBICRNE
L TRELS EMSHBRICED 5N 5,

BB F R OMEFISEE OB e ORBSBFRETH 5 (Blfh, 1976 ; FIEA, 1997) Z & o5,
HMHEE LT 2 ARENHEREBESLREHEY, </ OEZENLEIICL > TREL T 5WHE
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Pig.3 Long-term seismicity at Meakandake illustrated by monthly number of
volcanic earthquakes since 1973 (at JMA-A station in Fig. 2, data by Japan
Meteorological Agency). Linear (top) and zero-included modified logarith-
mic display (lower) are adopted for illustration. Star marks at upper graph
indicate the time of group occurrence of Long-Coda events (LC), and ?
indicates no info on LC. Arrows indicate two eruptions in January-
February, 1988, and November, 1996. Note some higher seismic activity
after the 1988 eruption is not accompanied with LC group.

PIHE, 2 /2 b GMENLBROTARRIANX—D LRI LY, WHERRH 5 Wit kERD
BOKBEDTEMAL RN, INHFBERHMERERMENRERRK E - T 3 WEEMASEZ 515,

IN LD ZRBAKY, (A)BELEREZMNY BHREZEILEC-HLZREZBRL Ty 554,
HBHVI, (B) 2 DODEHNDOE ) FERESLRTHEREBENY X HNMCEDL, &KL T—D2NH
HIREIROBRICIRE S 56, SF0E2 b5,

Chouet (1992, 1996) i3, HEFHIVICHMABBEAITED (A) 22T MEL, 4 > E—F> XN
V238 D AR TR BN BR TR A L P OEBRFHIUTO - < ) LL2EREY b0 HBIEBIN KL
I Nz E, ETAMETRLE. T (A) TOEMZ, fd [Bo—8] 252 50
ThH 5, T THEI PR TE ZHTERROAERPLBKRRDES, BURFOFTMERR 7y v F o &
3%, AVE—FADRY DL [BH] OFHEZTGENRIZETHErL, —BEEIFZ B
PRETH 5,

=%, ®FN (B) IBIRH» 6B THCEME D> T b, ZOETATIIERHMBOMRIZE
B HREBHLKE TR AL, FRODXIANEBEZNDLDTH D, HIEBEVHRLISETT
b5&, 2ODRDENEIGKREICH LS., ZNRERHMENRENOW -V LBEZHHATE S,
L2 LiiARBE 2 o0 3 L3 ) I ANGBEDL AT LI3EL LT, HABEIDMST 2R
LAY PNOBEEN LR T Sk 5.

MR SEREORBHES, BREMBEOSBINCRE L WHEKRE, WROBHELSHVLI THS, X
WHRD e KERICH T < 7 eh LHIBOFEA7 NV ZRIC LR T 28642 %2 5, KERUZ
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Fig.4 Mutual relationship of the occurrence of Long-Coda earthquakes (LC) (upper) and
volcanic earthquakes (lower) at Meakandake based on UVQ’s monitor records (most-
ly at P3 station). The ordinates represent logarithmic display of time duration (in
seconds) of each LC event (upper), and modified logarithmic display of daily number
of volcanic earthquakes (lower) detected by seismic network (P1, P2, P3 and NOB)
operated by UVO, Hokkaido University. respectively. LC events tend to take place
in a group mostly during the decaying stage of volcanic seismic swarm, but rarely at
the sharply increasing stage or the highest level of seismicity. Based on this tendency
for LC occurence, it is suspected that LC might originate from the rythmical fluid flow
from higher pressure system to lower side under stress relaxation stage after vent
system experienced heat supply from depth.

269



270 1 NI & A i 51,

DRSLOBKRITTE» L AN — 2B & THHELZEIERIL, KENBKREE
T rlcd, BEMBIZOBUEBTREL CWEE#E2 k). BEMEOSMEHZ, kBRI
DIENEALHY BT, LEROTMET N THEZ T 5D L ) G MEENLEEIBRL LIC{WETTh 3,
ft-T, ERHMENOREREEICE T NI WEANALNLLDTIE LA »,

—%, BLWERME TKERRSZ D FEE TS S 2REHAITE, HTHLALOIANLE—D
FAEHTF LU EMESE L e a, W () LRI OBHIBRE 1 EFI NS, BES N33 #k
B HOBRMICIBLTELEEZ NI ELTWKEES, ZOBRT, drEENENER?
VDEFEDELLTETHLINLEANDELLZ Ry b, KEROILIHLTEINZYIEEL
DT B LI N S,

EFN (A) TR, ZoBLERy Y FURFERBDREBI T L. =T (B) TR, EHX
DRGSRy PHEICBIT2HAEBE 2 bk )., METEREOBEHEOHELYALE, b
DHVERLERLE, FRICHED - D LER bl L ALNRS (Fig.4). REMED
FEFRFHTE ZKERNDHT 5 DBV AN ER - BHEERL, BRHBNREZHLODE
I LHEA L.

Gomez (1994), Gomez and Torres(1997) 3 & 1f Narvaez et al.(1997)ic X 5 &, Vv I 2AKIT
KIS EITL CTREMEOBNI W) EL CRES N, REHER, BAENCRKRCEFRLLZY
BINT 289 —3RE T, BH» SEGHEMICEBNICRELL. L LETHBET, BAI S
L RERHMERELICEZBELCLE ). MIEE OFDE L L TE, 88X BHELORET T
FERBMERRETELWENGTEHENS, B, BMAICHTTIREBEIC DT, FELo#H
60 55 (GILfth, 1985 ; Shimozuru and Kagiyama, 1989). F7-. FIRIAERE N TWwiwnds, i
< 13 1958 4F 11 ADFEMILE XIC BT 2IEFEICHE L REBMEORIKBERNFIL » 5 R AHENE
BXILBRFC X %),

AERTIR, BERUBOSERLEEBTOFHME TN bA - RERIBITHLL VA, HFAEENE
BHWENFRELBERL 2—2nBBORBIC DWW T LT CHliEICEH T 5. Fig.b 3= —5$%(P 3
BRE) L 2MNEENERBMEBORED S G THSE, +HETEI Th-72k 1, KXl
ERHMEICIZVWL D0 H 5 (REAM, 1988). MMEEIERMENCKE CRICEHENLD
12, MEIFrFRRHMELZZFRL 220k i, ERICHEROEEIZHIN LB, EHALALNL Z
ETHD.

Fig. 5 TREMEBORESFICH V72 2 FOHICFE, BPERORMICHEN S b0 L) »
(N, HEAXL, S #El1Yy, M, ME27UE) 2R, 2FHREIERRH»MEEAK (L) »EE
B (H) »2E8L LT3, BNERFDOZORPORBHENES CIL, ELHLZLVL? (N)
A%, RELTORICHER ) RRMBENIHRES LT 5 QREM, 1993, 1997). —F, Mo
Z2LDXNTIE, HERELLAERBER (NLE) 5wt 57,

FENOETNL(A) TR, ERBEDOERORMICALNL ZORLHE, [HN—B(=514) |
DR TELEEEE LT LW, T (B) T, FRTHRZEINLZ 200Ky F 2EE3H
BB LT, WEEZ2MET IRENEIIRA Uiz s %2 5, BHROIREDS, M iEE5EE
DBENH DB EVIBRAEED, ZOFHBICIEE L. BETEKEESURENO, BB
HHIZEEEIEEZ NS, I NVHERCIEMMEAEIC L N B 2 L AEZCHNSI NG, Zo
HEEEICERHMBER 2 LT VWRBHEOHE (NLE) ) HnwiZs s,

REIZ, 1996 FENE K L RRMBOBMES Fig. 6 10T T, L BERHESER T EXEZOH 10 B
Micd, FNLUBHEEEIYH 2V ~UKTL, 1EHUEICHhZZ > TEDL %R S T 5 R
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Fig.5 Monitor seismograms of Long-Coda Earthquakes (LC) at Meakandake

(P3 station) classified into 5 groups based on waveform characteristics,
First letter of each two lettered class label indicates whether LC is apparent-
ly triggered by small earthquakes or not (M for multiple, S for single and N
for without quake), and the second letter indicates whether LC-coda is
low-frequency (L) or higher frequency (H). Many LC at Mt. Meakandake
are accompanied with those trigger events at the beginning. Those events
may have originated from the seismic connection of two fluid-filled crack
systems under different pressure levels, and fluid is ready to flow rhythmi-
cally from higher pressure side to the other. Lublicate connection may not
be so difficult under high temperature water and gas rich environments, and
allow typical low-frequency NL-type LC, reported widely in the world.
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Fig.6 The 1996 eruption and its relation to LC activity. As discussed by
Okada et al. (1997), the 1996 eruption occurred after the 3 stage seismic
swarms starting ca. 3 months before. Despite of the general strong
relationship between seismic swarm and LC activity at Meakandake
as shown in Fig. 4, only two LC occurred at the first stage. Strong
seismicity which immediately followed the eruption and continued ca.
10 hours is also free from LC activity. No LC also during later one
year long moderate level of seismicity. LC activity is known to be a
valuable eruption precursor at several occasions as shown at Meakan-
dake in 1987-1988, at Asama in 1958, 1973, and at Galeras in 1994.
Further analysis on LC and efficient communication among world
volcano observers could achieve much deeper understanding of this
kind of volcanic signals in near future.
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