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Detailed Structure of Volcanic Earthquake Concentration
at Mt. Usu in 1977—1978

By Yuichi NISHIMURA
Department of Geophysics, Faculty of Science, Hokkaido University
Hiromu OKADA
Usu Volcano Observatory, Faculty of Science, Hokkaido University
( Received November 25, 1986)

Hypocenter of cluster-forming earthquakes was studied in detail using the P-arrival data set of
volcanic earthquakes at Mt. Usu during 1977—1978 activity. Cross-correlation coefficients of P
-arrival times for all set of pairs of earthquakes were compared with each other, in order to evaluate
concentration of hypocenters. The present study shows complete lack of earthquakes in the “earth-
quake free zone”, which has been recognized in the previous studies. Shallow seismicity (depth of
about 1 km bsl.) of cluster-forming quakes delineate well the U-shaped fault zone. Migration of
hypocenters of clusterring events is also clearer the former one. The shape of each cluster is
approximately ellipsoid and its longer axis always vertical and 3—4 times longer than the shorter
axises. However, we still argue that this may not real one, because numerical experiments using
random error contamination in P-arrival times indicate similar distribution.
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1977 %8 B, AHIWIE 2 ERNICKBELT A 4 VENBEAEXERI Lz, BAFES)T 1978 H£ic
IBKEBERER, v/~ KERBR~EREL, WEXODRZEEICHUEERL 2. WL, %E

HENCREINEE A2 Eb LV AILTESNT, 1982 FF TS L, BFICARUAORERNB L OZNFLD
VRN (B2 kX 2 km) B/ U CRE L ENRHEIL, 19824 3 ANEEIRE 2 Tlo, FRH
22,0028 (M=2.7) %€t 194,971 (M=0.75) I2EL T3

BERIUELIZ I3 XGRS & B R FERZIMAHR LB (UVO) iz L ) BN HRT &
n, WEEHICOWTHS  DBERBWIFHEIFE LN Tv5 (FI% - MH, 1980 ; YOKOYAMA ef al.,
1981 ; OKADA et al., 1981 ; [RH, 1981 ; MElE, 1982). Z ¥, HERMHENH KX LHER (M>3.5 i3,
UFBRNZKE O — » FroBEEMCER L CRE L, ZOBBIICH ) BRER)IC AT dip-slip BaF
EMBETRTIEIFALPIC L »Twa, L D/ASTHERICOWTY, BREIAOBRNIC—REICSHT
DT, W DhDBER L LEH L F—F YRicAHL, FREICIIHBEABIEET L. Zh
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TNOBLZHBETIHENRERBIF—TH ), WL EBOHEL L, MER (Earthquake Family)
EUTHBEVGRETHD. ) LR L L, ARUNOBREMES BIEETESH 5 i3 Earthquake
Family o B L TR L, ZNHDEEHESCZFOBHELE2H 5 2 &3, XIIESICEEBERL TV
EROLNIBRMBORERAZ2BET22HIRMBETHS )., LarLid s, BURELWEBOKMET
NC2BEAUFLrLPE T2 LI EbOTHETH 22 E0FHEENL, /2, BREEELZEMICL
RBRATEERLHEOREWHERIENUN T THER v, RBE, REISRTES L FEICLD
BE2THEBOAY —FENERICEITATCREL, NN/ OVWTEELZLNTH 5,

I B—8lsnTF—2 & (BRYH

SEBWT— 213, FHXUBAFTEEES CRARL N PRERZTH 5, BHRIHIR P
BHRASOEHR-BERLT LV A—FEBNVEREX LIELIERNVEINLOT, T—FDEIZETHVEFEL V.
SEOFFF TIIEBRNEEICHE S B %2 R ZUTEMRICHIEL, L3~ E—nBllsniisab
HEHWBRIEICEYN, T—F% 2y FOBELER -2,

UVO nREBA S57 £ Fig. 11RT, BRkER P BsBIaes & AV B i ke & niThh
72, F O, BEIZERYE, PEEE 3 km/sec #RE L., UTOFERIC BV THACW LRI, ERFRE
#0) RMS #50.08 LT TH N, EKIEPESA 3 BILLT TH 5 b 0iclE - 7z, 1977 5 10 A» 5 1978
12 Bo & AEnERS 4% Fig. 2—a iRy, 8 8 S ENBR A THEINHREN TV B LD T~T
DERGHTH L. TNLIIHFRALBERIC L VRERRH LN T2 L DICITIZFEL , WMEFTOBRK
BREEIC L) BEREICHW B SNHELEHLERE—HTRE V. 29 LA, WE»EMRICHE
NTWTLEMENHALSLRICL Y, BERICREHLZINAHLbNEZ LIILRTEIN, BEET
BORIEICREEIUETH L. 22T, %5~ FA—nBlSn#fA&bEEHCTKOLEBIESMH%
CUTlBNTERT 5.

Fig. 2—b (o R L - BRI, BERAEIC—ED N
B AOMABHETRHZ LN TH S, B $
P EDF - ik - ik, BELLE

CHMZEEL CR—0BHSEEeEeEHW3 2
LidHiRE -7z, 22T, EHEEL T
Aoz k- BRl=il, 62TH5

(NRM, KON, KIT, GEN, OHD, SHO).

6 A TIRBEBRREICRELFINIETLE
EWBR-TE), BASEs DL BEENT,
1977 £ 10 B~11 A ¢ SRM %2 Em L 7
A, 1977 4 12 A Tk SRM, MAT #:EfmL KT
8.4, 1978 £ T3 —&8 L ¢ MAT, UVO #
L 8 AE L, '

SRIB AT 6 ) 1978 £ K IGEN % B Fig.1. Topographical sketch map of the summit crater

o = e . of Mt. Usu (KaTsui and Nupa, unpublished data) and
DA LRET S 2wicid, BRI E seismometric observation net operated by Usu Vol-
BN BT BLEFSHD, REEKT cano Observatory (UVO). OU=00-Usu lava dome ;
RN 197845 8 Aok L N B 27 < KU=KO0-Usu lava dome ; KB_=Kita-Byoubu Yama

e (NW somma peak) ; OY =Ogariyama (cryptodome) ;
&7 SRM (@5temil) 13, BIRSLE, #RiC GN=Gin-Numa crater opened in July, 1978. Two
ERNRENCEETCHLERZBHETH B, stations are located on the summit region ; SRM

(south rim) and NRM (north rim). All other stations

I TEHBAL Gl ZORRERD are also labelled by 3 letter code.
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Fig.2—a L BT 5 &, HBEEF4GDLICHIALH N T— 502 YO N AAE LiZicb i b b
T, BREAHICELWRREZDLNL W, L) bITRERABO P ICHIHOBENSIHFL (52
ENRD,

. PiR#EBEEROERE AV I-REEHE

P En#RT, BicR—BRAR0EAELYICL 2 FETRERBENE2M5 Z L5tk W
EDHoT2NT, BEETEHLZ ZTHENAZF—NEETRHET 2EL2RL, BN ONOHENT
B NAEE BB S A R, MEICHKRTAI EICLD, BHLTME2IT -2, ZOFlIZE—nEBH A
DT —ZWEIBELHBNT, Fig. 2-b DT =5y F #HWI, —BEOBESTHOMEATICOW
THEMBEEZHE L7, 200b, HrolE W, HEMEERE—EEEE (C) HLzFR
THENEABCEOTET 2012 KD, Z0OEr—EEREME (No) LETH20TEr 280,

CoB LU NeD#E DDA DWIEROERFENTEL T2, 22 TIECo% 0.9955 £ L, No=
1 (Fig.2—c), No=2 (Fig.2—d) 8L 1" No= 3 (Fig. 2 —e) DBAIC OV IHBLNBERSHERT.
BREFBNFEE TN L OHNLREBEN L VHRICENTED L I ICh 722 2%, MERIERHS
NTWEEFRILDBESARIC DV THOROPDERELBES L VHLP I - 122 LR S,

Bz LM 2B THBEABIEEL, 2OHCRBRETHIISRDLNL ., EROFIRE
BT, BRAEECBWTBWIERASE - PEERBED RMS - XD HB 22 52 & T,
I D BMLBESAEEEZ RO TS, (BIRIF, OKADA ef al, 1981), ZHBAICE, EHLTLHE
EHBRTELELEBHE LT, BOPDOHEZEA TWARERE L > Tz, ZABRICSAH L TWEE
CRZBHER BELWERARVBRENFETH ), ERICIIEABIZLS(HBENREL Ty
BETTH B Z LRI N T, ERRLRERELZ R OBERCHEORU L HERSMRL T, %
DEFRBEL RISAE, BEMRIESLEREERRL T5 (RE, 1981). LiL, Hbhi7—
ZizZ—ETH Y, REBEOIR) TN EHAZHTL VEECTH L MERT CEFICRI Z &3k
Ghrotz, AEAVEGER, REOZWEBLNLIRENT—FE&TUIHLT, BRETEOFHME—
ENEETHROTHELFETIHMAL T332 8icks, bbAHA, ZORRLILEABICIISHEY
FBELTWEWEEBRTLZLIIHRLVDIIEI T T W,

EBREEPHIIEOLPDEB->EY LLMI LRI - THEY, ZOXRBSRZABOBRE F—F Yk
EBNEALIICEEL TS, F—FYRSGE» LB TNIMENEL LT, 1978F1AcRoN S
ANEERFEERD 3 D /INEEL R, BE 1978 42 A L R& L 5 ~ 6 AicHid TEEIC 2 - - H 4 kI &
UFHEI»RET 2 BOMEREN ZFloATH S, HENETIZ, BMEEHCEREES AL, &
BOKELHE» UFRMBOGREIRIcRET 2 EMER O OU-Family 7 5, ZHlR ik g
o) KB-Family ~ X85 L 72868 (R, 1982) IR L TEB Y, EABONIRICEAL 2w /e
izl LA A E2 T TKF I LD 72 SR8l S & U CEKY D 5. BARILNEEIL, 7o
(1985, 1986) Ik WREFIN T3,

ZERHOENKEEE ORISR IC IFEE L TE» R LN, B/ NEBRERL BN =
nEREL 6, EEN I ) RUFRAAN, BEIWERY ICBH )L - KEFKRFENEBITL T35,
BEOZOBHRRIL, </ eHBEACL VIENRAUFRBB 20 > T Z L EFNBTHY,
PERDFER (OKADA ef al, 1981) X FREL 7o\,
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Fig. 2. Monthly display of epicenter for cluster-forming earthquakes from October. 1977 to December, 1978. The mesh interval in the map is 0.
5km. (a) indicates all epicenters which are determined from any set of 8 or more stations. For (b)—(e), station set is always fixed for each
month for same station set. 6 stations (NRM, KON, KIT, GEN, OHD, SHO) are always used. For Oct—Nov, 1977 SRM station is additionally
used for hypocenter detrmination. For Dec, 1977 SRM and MAT, for throughout 1978 MAT and UVO are additionally used respectively. (b)
indicates the epicenter based on this station set. In order to clarify the more detailed clusterring structure, hypecenter selection was made by
comparing cross-correlation coefficints of the P-arrival times for all set of a pair of earthquakes in earch month. When the number of

earthquakes with which correlation coefficient shows above the threshold level of 0.995, is grater than or equal to Ny, that quake is considerd
to be forming a specific cluster and nlattad anm tha smmne Tae 723 73 wv . I e ’
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WEHES2ERL TR 2BRET HLEIH B,
B EDHEEEHE—T, »ORERIIEVEN
il (SRM) Bl &4 ERTE % 1978 4£ 1 A
L8RNT—FIcDnWT, BEOBEIHNKKE
Tole. BREFETCHRLNALZLINICEEL,
SRM 7 —2 2B L TRE DA ZHEEL
2. o, ML EoBREETH B NRM 5 &
UF'SRM 22w Tk, T—FIcinBRlEn 2 1&
D7ILAL FEBWE, B, BREORINKME
fbicowTid, $HEIBRF21TbEd -7,
BEORE 4% Fig. 312, ZEEWKN%
Figdic#hFnd. By b7 —2 i3, 5BE
TRBEPEEZRTHER (Fig.2—e, No=3,
Co=0.995 NHA) BLURE—BHENHLED
FTREZI NI THMER (Fig.2—-b) TH 5.
BREPBHOAERT I EICLY, HERAD
ZRTHMEES N E TRLN TV 2 BES
MEMBMLTEVHBICERENTWS, KHE
ERBE F N T LRI 2R L T35, 1.
25 km & 0 iR WHER UFBIMRBICIE - T
B fE L Tw5b, B E 1 kmBEOERII,
IEBHROALE L UKREHRERICERL T, £HE
EEPRLEFENEL EFEHERL TE,
—ERIEIC TR ~EL T3, BE3B1.5kmo
B Tid LR dh e ~ iR R O BB L EAR D
BATDED L NL, BICRWIEIL/INESRIEY
UZFERIBBIC B - CRBEFRIC O 50 &, &
NeRLDERBICBELNTWS,
REOEENERICRLNS L2, BEEH
B FNAFNEEFELKFEHED 3 ~ 4 s
AERROGHEE > THY, £TEIFTHMICEE
KEWHHAE2RL T3, EBRORESHHEE
FEzRWDDE, HEWITEIDEERBENE
W H BT R v, BB LBEERIC LN
iF, BRUNCBEAME TP EVNEIGRARYICT7 V5

Fig.3. Hypocenter distribution of the cluster-for-
ming earthquakes (for case (e) in Fig. 2) for
four depth levels (b), and that of all earth-
quakes determined by the same station set (a).
Note the complete lack of earthquakes in the
“earthquake free zone” for the clusterring
events. Shallow seismicity clearly delineates
the U-shaped fault zone.
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Fig. 4. Vertical cross section of the clusterring earthquakes (for case (e) in Fig. 2), and that of all earthquakes determined by the same station

set.
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