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1994　Multi・site　Broadband　Seismic　Observation
　　　　　　　　　　at　Sakurajima　Volcano，　Japan

By

　　　　Kayoko　TSURUGA，　Satonl　HONDA，　Kiyoshi　YOMOGIDA
Hi　sao　ITO，　Takao　OHMINATO，　Takao　EGUCHI　and　Ei　suke　FUJITA

with　6　Figures

（received　November　l6，1994）

AB　STRACT：　Broadband　observadon　of　volcanic　earthqUt【es　has　been　re㏄ntly　conducted　at

many　volcanoes．　Auhe　Saku向ima　Volcano　ill　Japan，　one　of　the　most　active　volcanoes　all　over

tlle　world，　we　conducted　two　broadband　seismic　observations　successfully　in　las　t　three　years．

However，　they　left　some　problems　in　terms　of　the　number　of　obsenアation　sites　and　reoording

systcms．　This　paper　reports　t　le　oudine　of　our血ird　observadon　using　three　broadband

seismometers（Str㏄keisen　STS－II）with　contilluous　r㏄ording　at　the　Sa㎞向㎞a　Volcano　from

February’18　to　March　28，1994．　This　observation　is　distinguished　from　the　previous　two　by　the

three　stations　operating　continuously　over　the　entire　period．　A1血ough　the　Sa㎞向ima　Volcano

had　very　low　seismic　activities　du血g　this　observation　peri（虹，　we　observed　some㎞ds　of

volcanic　earthquake，　A－type　and　B－type　earthquakes　and　volcanic　tremors，　pardcularly　one　s　eries

of　interesting　clone　events．
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1．INTRODUσrION

　　The　Sakuraj　ima　Volcano，　located　near　the　southwes　t　end

of　Japan，　is　one　of　the　most　active　volcalloes　all　over　the

world．　Volcanic　and　seismic　phenomena　at　the　Sakurajima

Volcano　have　been　observed　and　studied　since　1910’s．　The

main　subjects　of　seismic　studies　are　the　relationship　between

volcanic　earthquakes　and　volcanic　acdvities　（Kamo，1978；

Ishihara　θ’al．，　1989）　alld・the　characteri　sdcs　of　volcalゴc

earthquakes　or　tremors（e．g．，　Kakuta　et　at．，1979；Kamo　et

al．，1977；Iguchi，1985）．　In　those　studies，　analog　recordings

ushlg　classical　seismometers　with　the　natural　period　of

about　l　sec（e．g．，　Kamo　et　al．，1977；Iguchi，1985，1944；

Ishihara　et　al，1989）were　mainly　employed，　alld　seismic

observations　in　dle　volcano　have　been　limited　to　a　narrow

frequency　range（＞1～2H乙）．　　　　　　　　　　　　　　　．

　　　In　rc㏄nt　global　as　well　as　rcgional　scismology，　STS－II

broadband　seismometers　are　widely　applied　to　monitor

various　kinds　of　seismic　activity．　This　seismometer　has　a

flat　and　stable　veloCity　rcsponse　for　t　le　broad　frcquency

range　of　1／120　to　50　Hz　and　thrce　componentS　are　recorded．

It　is　dcsigncd　for　po血blc　installation　at　a　limitcd　spacc　and

vcry　uscful　for　observations　in　a　short　rccording　period・

　　Broadband　seismic　observation　of　the　earthquakes　at　the

Sa㎞向ima　Volcano　just　s甑ed　in　1991　by　using　only　one

Streckeisen　STS－II　seismometer　and　a　Teledyne　Geotech

PDAS－100　recorder（Kawakatsu　et　al，1992）and　followed

by　a　muld－site　quasi－con血uous　observation　by　using　four

STS－II　and　Colombia　DTC－80000r　PDAS－100　recorders
（Ohminato　et　al．，’1993）．　These　two　observa匠on　systems

revealed　a　m勾or　problem　to　be　improved　at　each　time　as

f6110ws：（1）observadon　site　was　only　one　although　data

were　partially　recorded　continuously　（Kawakatsu　et　al，

1992），and（2）data　were　reoorded　by　al1山e　four　s　tations

only　in　a　part　of　the　whole　observation　period（Ohminato　et

al，1993）．

　　We　thercforc　attempted　tO　improve　the　above　problems

by　conducting　multi．site　condnuous　observation　at　the

Sakurajima　Volcano血is　time．　In血s　paper，　we　report　the

outline　of　our血rd　broadband　seismic　observation　of　the

Saakuraj　ima　at’　three　sites．

II．　BROADBAND　SEISMIC　OBSERVATION

　　Wc　conducted　the　broadband　seismic　observation　of

volanic　cardlquakcs　at　thc　Sakurajima　Volcano　from
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Fig．　l　　Locations　of　血rcc　obscrvation　sites：Yunohira

　　　　　（YNH），　Arimura（ARM）alld　Koumcn（KMN）．

February　18　to　March　28，1994．　Wc　uscd　S廿cckciscn　STS－I

scismometers　and　Tclcdync　Gcotecll　PDAS－100　recordcrs
wilh　a　llard　disk　of　hulldrcds　megabytes　simultatleously　at

thrce　sitcs：Yunoh直ra（Y　NH），　Arilmlra（ARM）and　Koumcn

α（MN）（Fig．1）．　AI1山c　data　werc　rccorded　con血1uously

with　the　sampHng　rate　of　50　Hz　and　pre－amp　gain　of　100r

lOO．　They　were　digitized　by　a　16　bits　AID　convcrtcr　alld

fmally　stored　in　six　CD－ROMs．

　　The　recording　sitcs，　YNH，　ARM　and　KMN，　arc　l　ocatcd

a曲edis㎞㏄s　of　about　2．7，2．7　and　4．3　km　from　dle　reccnt

active　IV血1amidake　crater，　and　the　elevations　are　about　370，

90皿d120　m，　res画vcly．　These　are　common　svi血our
previous　　“vo　　obscrvations　　（Kawakatsu　　et　at，　　1992；

Ohminato　et　al，1993）．　The　geology　of　each　site　is　different：

YNH　is　on　the　An。ci　Lava　and　the　Yunohira　Pumice　Cone，

ARM　on　thc　An・ei　Lava，　auld　KMN　on血c　Minami　dake

Lava　and　Pyroclastics（FukUyama　et　a’，，1981），

　　Volcanic　cardlquakcs　are　usuaHy　classificd　illto　fbur

typcs：A－type，　B－typc　and　explosive　cartlquakcs　and
volc・alric　tremors・　In　tlris　papcr，　wc　adoP匙cd　thc　fbllowi119

dcfini　tions　uscd　in　tlle　previous　study　（rsuruga　et　a’．，

sublni吐tcd）．　　　A一り，1フe　　eart，tquakes　rcsclnblc　a　　s伽1dard

tcctollic　olle　in　wllicll　Pand　S　wavcs　call　bc　clcarly

iden血巨cd，　B一り’pe　eart’tguakes　are　microcart　lquakcs　in

svhich　P　arld　S　waves　cannot　be　ide11吐fied　as　clcarl　y　as　dlat

of　A－typc，　and　exp’osive　eart，tquakOs　arc　oftcn　followcd　by

summit　cxPlosions．　Votcanic　tre〃lors　arc　co11血uous

vibrations　for　sevcral　secollds　to　minutes　widlout　any

distillguisllcd　pllascs．

　　Figurc　2　shows　dle　daily　frcquencics　of　A－typc，　B4ypc

ξmd　cxplosivc　ca】rthquakcs　alld　dle　total　duration　timc

（lnillutcs）of　volcallic　trcmors　reported　by　dle　Kagoshima

Me吐eorologica10bservatory　or　JMA　in　February　a！1d　Marc11

，1994．　A－typc，　B－type　and　cxplosive　carthquakes　were

recordcd　3，88　alld　O　times，　respccti　vcly，　alld　the　total

duration　of　volcanic廿emors　amounted　to　about　21ninutes

during　our　observatioll　period．　The　volcanic　ac樋vi瞳es（e．g．，

visual　m・nitoring　of　summnit　crater）were　very　1・w　in面s

period，　so　as　tllc　seismic　acdvities　in　con廿asuo　bcfore　alld

after　tlle　period．　A－type　earthquakes　gcnera11　y　occur　at出e

first　stage　of　volcanic　eruptive　cycle，　followed　by　B－type

　31

Fig．2　Daily　volcanic　activities　of　the　Sakurajima　Volcano

　　　　　from　Fcbruary　1　to　March　31，1994．　Total　numbcr　of

　　　　　A－type　carthquakes（a），　B。type　earthquakes（b）alld

　　　　　cxpl　osivc　carthquakes　（c）and　total　duration血nc　of

　　　　　volcanic〔tremors（d）．

auld　vo1㎝皿c　tremors　atld　finally　cndhlg　wiUI　cxplosivc

carUlquakcs（Kalno，1978）．　Wc　catl　call　our　obscrvation
pcriods　a　low　volcralric　acti　vity　stagc，　dlat　is，”calm　pcriod”．

Dcspi吐c　dlc　smaH　llumbcr　of　rccordcd　cvc：1ts，　our　data　may

sllow　so111c　charactcrs　of　volcanic　eart　lquakcs　ill　a　calnl

pcriod，　colnparcd　wid1　¢11c　data　of　our　Prcvious　two
obscrvaほ011s　i11曾tactivc　pcriodS電゜．

III．　BROADBAND　DATA

　　111diis　chaptcr，　wc　show山e　dlrcc　typcs　of　volcallic

scismic　cvcllts，　A－typc　and　B。type　carthquakcs　and　volcatlic

廿cmors，　rccordcd　du！ing　our　obscrva血011　pcriod．

　　Figurc　3　sllows（a）broadballd　vclocity　seismograms　alld

（b）spcctral　amplitudc　of　A・typc　eardiquaUkes　ill　dlc　vertical

comlxmcnt　a田1ree　sitcs．　The：1umbcr　ill　each　seismograln

rcprcscnts　t　le　maximum　peak－to－peak㎜Plitude、vidl
vc1・city・蝋1×10・8・m／・㏄）．　Thc　m副mum麟一t・一麟

amplitlldcs　arc　about　2．4×10－4，9．2x　10－5　and　4．1x10－5

m／sec　at　YNH，　ARM　and　KMN，　respccほvely．　A－typc
eardiquaakcs　occurred　at　the　dept1　of　about　4　N　16　km　under

tlle　sea　level　alld　related　to　magma　intrusion　illto　Ule　dccp

structUre（e．g．，　Nishi，1978；Kamo，1978）．
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　　We　also　recorded　various　kinds　of　B－type　earthquakes　at

YNH　on　February　27　and　March　3，1994，　as　shown　in　Fi　g．

4．It　is　clear　that　the　events　on　March　3（B　6　to　B　10　events）

are　very　similar　each　other　j血both　wavefbml　and　spectra

（Hg．5）．　We　call　them”clone”　eventS．　S　uch　clone　even的

can　be　observed　at　the　o血er　sites，　ARM　and㎜．　Shlcc

some　kindS　of　volcanic　ealてhquakcs　seem　to　share血e

co㎜on　hypo㏄nter，　we㎝comide仙at　cl　one　events　are

the　products　of　the　same　sour㏄m㏄hanism　and　the　samc

effect　of　propagadng　pa血．　Common　spectra　l　peaks　among

several　sites　should　be　mahlly　affected　by　sourcc
characteri　stics　hl　contrast　to　Ule　o山ers　affected　s廿ongly　by

si舳dlor　pa血characteristios．　We㎝血d　m勾or・common
spectra　l　peaks　at　two　」㌃equency　rangcs　of　l．1～1．2　and

1．6～1．7Hz．　On山e　other　hand，　some　spectral　peaks　in　bOth

lower（＜about　l．O　Hz）and　higher（e．g．，2～3　H2）frequency

ranges　are　quit　different　among山e　sites　and　they　may　be

mainly　affected　by　site　characteristics．　The　relative　site

effects　at　each　site　can　be山erefbre　eliminated　using　such

done　even曲1　a　fUmre　s血dy．　KawakatSu・et・aム（1992）also

reported　shnUar　eventS　recorded　at　KMN　and　suggested山at

these　later　phases　may血fom1　us　about血e　structure　beneatl

the　Sakuraj　ima　edifice．

　　In　our　observadon　period，　f¢w　volcanic　tremors　were

r㏄orded．　Figure　6　shows（a）origina　l　wavefbms，（b）

sp㏄廿a　and（c）bandpassed（0．6～10　H乞）waveforms　in　thc

vertic｛U　component　r㏄orded　at血ree　sites　at　l　8：150n

March　9，1994．　Volcanic　tremors　occur　frequently　in　a　high

volcanic　activi　ty　period　befbre　explosions　when　swamls　of

B－type　earthquakes　b㏄ome　also　active（e．g．，　Kamo　et　al，

1977；Tsuruga　et　al，　submitted）．　Since　it　was　a　calm　period，

volcanic　tremors　were　recorded　for　less　than　2　minutes．
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Fig．6　VeloCity　seismograms（a），　spectm（b）and　band－

　　　　　passed（0．6　N　lO　H2）wavefomls（c）of　volcanic

　　　　　tremors　i11血e　ve㎡cal　component　recorded　at血ree

　　　　　sites　at　18：15　on　March　9，1994．

IV．　SUMMARY

　　We　conducted　broadband　con血uous　obscrvation　by
using　STS－II　seismometers　at　three　sites　of　tle　Sa㎞両ima

Volcano　from　February　18　to　March　28，1994．　Aldlough山c

Sakvrajima　Volcano　had　very　low　seismic　activities　d町ing

血s　observation　period，　r㏄orded　seismic　events　are　of

various　chamcters．　Dominant　sp㏄tral　peaks　of　each　cvent

eXi　s　t　in　svide　frequency　ranges　from　0．1　to　more　than　10　Hz．

In　volcanic　areas，　such　a　broadband　multi－site　observadon　is

very　useful　fbr　many　kindS　of　earthquakcs　whose　sPectral

dominant　peaks　are　over　a　broadband　frequency　rangc．
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