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腁4臝s覾o腦腀The腀Aira腃腀Ata腀and腀Kikai腀calderas腀of腀Kagoshima腀Bay腀have腀erupted腀more腀than

twenty腀silicic腀tehra腀formations腀including腀more腀than腀fifty腀tephra腀falls腀and腀flows腩about

1腃000km3腀in腀total腀volume腪in腀the腀last腀150腀ka腄腀On腀the腀basis腀of腀the腀sequence腀of腀eruptive

phases腀which腀have腀many腀kinds腀of腀eruption腀types腃腀the腀eruptive腀cycles腀of腀these腀caldera

volcanoes腀are腀grouped腀into腀three腀types腆1腪aplinian腀cycle腩composed腀of腀a腀single腀plinian

phase腃腀or腀a腀plinian腀phase腀and腀a腀moderate腼scale腀pyroclastic腀flow腀phase腪腇2腪alarge腼scale

pyroclastic腀flow腀cycle腩composed腀of腀a腀plinian腀phase腀followed腀by腀phreatomagmatic腃
phreatoplinian腃腀moderate腅scale腀pyroclastic腀flow腀phases腃腀and腀then腀a腀large腼scale腀pyroclas腼

tic腀flow腀phase腪腇and腀3腪amoderate腅scale腀pyroclastic腀flow腀cycle腩composed腀of腀a腀single

moderate腅pyroclastic腀flow腀phase腪腄腀A腧multi腅cycle腨lasts腀for腀about腀50腀ka腃腀and腀consists腀of

several腀plinian腀cycles腀first腀preceded腀a腀large腼scale腀pyroclastic腀flow腀cycle腃腀which腀is腀fol腅

10wed腀by腀a腀couple腀of腀moderate腼scale腀pyroclastic腀flow腀cycles腄腀The腀multi腼cycle腀suggests

evolution腀of腀a腀large腀magma腀chamber腇the腀plinian腀cycles腀resulted腀from腀pressure腀of

magma腀filling腀the腀chamber腃腀and腀the腀large腼scale腀pyroclastic腀flow腀cycle腀caused腀the

pressure腀to腀decrease腀rapidly腄腀The腀low腀magma腀pressure腀generated腀a腀few腀moderate腅scale

pyroclastic腀flow腀cycles腄
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1腄Introduction

腀Kagoshima腀Graben腩Tsuyuki腃1969腪in腀southern腀Kyusu腀includes腀the腀Kakuto腃腀Kobayashi腃

Aira腃腀Wakamiko腃腀Ata腃腀Ikeda腃腀and腀Kikai腀Calderas腃腀and腀other腀unidentified腀depressions

腩Fig腄1腪腄腀From腀these腀depressions腃腀many腀tephra腀layers腀have腀been腀erupted腀and腀thickly

deposited腀around腀the腀graben腀during腀the腀Quaternary腀period腄腀The腀late腀Quaternary腀tephra

膖Department腀of腀Hydrography腃腀Maritime腀Safety腀Agency
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Fig腄1
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0腀腀腀腀腀腀腀腀腀腀腀腀腀腀50腸km

Geomorphological腀map腀of腀southern腀Kyushu
The腀summit腀level腀map腀on腀land腀after腀unpublished腀data腀by腀Professor腀T腄腀Okayama

Contour腀interval腀is腀100腀m

includes腀several腀large腅scale腀pyroclastic腀flows腀and腀pumice腀falls腀which腀erupted腀from腀the

Aira腃腀Ata腀and腀Kikai腀Calderas腀in腀Kagoshima腀Bay腀in腀the腀southern腀half腀of腀the腀graben腄

Kagoshima腀Bay腀and腀its腀environs腀are腀therefore腀a腀significant腀region腀to腀study腀the腀nature腀of

explosive腀caldera腅forming腀volcanism腄
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Previous腀works腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腅

Pre覾inary腀studies腀on腀the腀identzficat见腩荝the腀calderas腀and腀their雜OS鞏

腀腀Yamaguchi腩1937腃1938a腃腀b腪published腀a腀series腀of腀reports腀on腀petrography腀of腧Hai腅ishi腨

and腧Shirasu腨deposits腀around腀Kagosima腀Bay腄腀Matumoto腩1943腪discovered腀the腀three
gigantic腀calderas腃腀Aira腃腀Ata腃腀and腀Kikai腃腀and腀described腧mud腅lavas腨腩the腧Hai腼ishi腨and

腧Shirasu腨deposits腪erupted腀from腀the腀calderas腄腀Taneda腩1954腃1957腪and腀Taneda腀et莿1腄

腩1957腪interpreted腀the腧Hai腅ishi腨and腧Shirasu腨deposits腀as腀the腀deposits腀of腀nu6es腀ardentes

or腀pumice腀flows腩pyroclastic腀flows腪on腀the腀basis腀of腀grain腅size腀analysis腄

StratigraPhical腀stzadies腀on腅Pyrc腪clastic腀flow腀dePosits腀and腀caldera腼filling腀se覾zents

腀腀Kuwano腀et腀al腄腩1959腪腃腀Gohara腀and腀Komori腩1960腃1961腃1962腪腃腀Ota腩1963腪腃腀Ota腀and

Kawachi腩1965腪腃腀and腀Ota腀and腀Kino腩1965腪provided腀descriptions腀and腀stratigraphy腀of腀two

late腀Pleistocene腀large腅scale腀pyroclastic腀flow腀deposits腆Aira腩Ito腪and腀Ata腀pyroclastic腀flow

deposits腀on腀the腀Osumi腀Peninsula腄腀Sawamura腩1956腪腃腀Ota腩1966腃1967腪腃腀Taneda腀and腀Miyachi

腩1969腪腃Aramaki腩1969腪腃腀and腀Ui腩1967腃1971腪reported腀on腀several腀pyroclastic腀flow腀deposits

underlying腀the腀Ito腀and腀Ata腀pyroclastic腀flows腀around腀Kagoshima腀Bay腄

腀腀Aramaki腀and腀Ui腩1976腪腃腀and腀Aramaki腩1977腪correlated腀many腀pyroclastic腀flow腀deposits

in腀southern腀Kyushu腀by腀means腀of腀the腀Ca腅Mg腼Fe腀ratios腀of腀the腀specific腀phenocrysts腃腀and

identified腀more腀than腀fifty腀stratigraphic腀units腃腀Miyachi腩1987腪also腀correlated腀the腀pyroclas腼

tic腀flow腀deposits腀on腀the腀basis腀of腀their腀assemblage腀of腀phenocrysts腀and腀the腀refractive

indexes腀of腀glass腀and腀some腀phenocrysts腃

腀腀Oki腀and腀Hayasaka腩1970腪腃腀Oki腩1974腪腃腀Otsuka腀and腀Nishiinoue腩1980腪and腀Hase腀et腀al腄

腩1987腪described腀pyroclastic腀flow腀deposits腀of腀the腀late腀Pliocene腀to腀Pleistocene腀period腀and

interbedded腀marine腀formations腀in腀the腀coastal腀area腀north腀of腀Kagoshima腀Bay腄

腀腀Hayasaka腀and腀Oki腩1971腪inferred腀that腀several腀faults腀extending腀in腀N腼S腀direction腀cut腀the

basement腀rocks腀knows腀as腀the腀Shimanto腀Supergroup腃腀at腀the腀western腀margin腀of腀Kago腼

shima腀Graben腃腀based腀upon腀the腀data腀from腀columnar腀sections腀of腀wells腄腀Shibata腀et腀a観腩1978腪

estimated腀from腀the腀KAr腀age腀of腀a腀pyroclastic腀flow腀deposit腀cut腀by腀the腀faults腀that腀large腅

scale腀pyroclastic腀flow腀eruptions腀and腀downfaulting腀began腀about腀3腀Ma腀ago腀in腀Kagoshima

Graben腄

腀腀The腀Kikai腀Caldera腀in腀the腀East腀China腀Sea腀was腀first腀surveyed腀by腀Matumoto腩1937腪腄

Recently腃腀Machida腀and腀Arai腩1978腪interpreted腀the腀caldera腀to腀be腀the腀source腀volcano腀of腀an

exceptionally腀far腼reaching腃腀thin腀pyroclastic腀flow腀called腀the腀Koya腀pyroclastic腀flow腩Ui腃

1973腪腃and腀a腀wide腅spread腀ash腀called腀the腀Akahoya腀ash腄腀Ono腀et腀al腄腩1982腪gave腀a腀detail

geologic腀description腀of腀the腀caldera腄

S腦韣菆Son腀emPlace腖Z陼腖zodes腩荝Pyroclastic腄flOWS

腀腀The腀formation腀and腀emplacement腀modes腀of腀pyroclastic腀flows腀were腀studied腀by腀volcanol腼

ogists腀after腀the腀stratigraphic腀framework腀was腀established腄腀Aramaki腀and腀Ui腩1966b腪腃

Yokoyama腩1970腃1972腪腃腀and腀Aramaki腩1969腃1983腃1984腪studied腀the腀Ito腀pyroclastic腀flow

and腀its腀related腀deposits腃腀and腀Aramai腀and腀Ui腩1966a腃腀b腪腃腀and腀Suzuki腀and腀Ui腩1981腃1982腃

1988腪studied腀the腀Ata腀pyroclastic腀flow腄腀Yokoyama腩1972腪thought腀that腀the腀Ito腀pyroclastic

flow腀spread腀radially腀as腀a腀nuidized腀bed腀more腀than腀1000腀m腀thick腄腀Walker腀et腀al腄腩1984腪腃腀Ui

菆腦莿観腩1984腪showed腀that腀the腀Koya腀pyroclastic腀flow腩Ui腃1973腪腃腀unlike腀Ito腀pyroclastic腀flow腃

was腀a腀strongly腀fluidized腃腀streaky腀sheet腅1ike腀thin腀body腄

Iden腀tzfica腀tio腀n腩荝60腼igni腖Z苫n膋te莿sh腀fa腖dePosits
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腀腀Machida腀and腀Arai腩1976腪traced腀a腀thin腀vitric腀ash腀layer腀22腼21腀ka腀old腀on腀the腀basis腀of腀the

refractive腀index腀of腀volcanic腀glass腀and腀phenocrysts腃腀and腀determined腀that腀the腀ash腃腀called

the腀Aira腅Tn腀ash腃腀was腀erupted腀from腀the腀Aira腀Caldera腀and腀was腀generated腀from腀the腀upper

part腀of腀eruptive腀column腀simultaneous腀with腀the腀Ito腀pyroclastic腀flow腄腀Machida腀and腀Arai

腩1978腃1983腪discovered腀other腧co腼ignimbrite腀ash腀fall腀deposits腨腩Sparks腀and腀Walker腃1977腪腃

the腀Akahoya腀and腀Kikai腅Tozurahara腀ashes腀from腀the腀Kikai腀Caldera腄腀These腀widely腀spread

ash腀falls腀are腀good腀marker腀beds腀to腀correlate腀the腀Quaternary腀system腀in腀Japan腄

Purposes腀of腀this腀stlldy

腀腀Previous腀studies腀have腀contributed腀to腀the腀understanding腀of腀pyroclastic腀flow腀deposits

from腀Kagoshima腀Graben腄腀This腀paper腀also腀concentrates腀on腀the腀study腀of腀fallout腀tephra腄

The腀following腀problems腀are腀addressed腀in腀this腀paper腆

1腪Stratigraphy腀and腀features腀of腀late腀Quaternary腀tephra腀fall腀layers腀from腀the腀Aira腃腀Ata腃

and腀Kikai腀Calderas腄

腀腀Studies腀on腀tephra腀falls腀are腀far腀behind腀those腀of腀pyroclastic腀flows腀in腀southern腀Kyushu腄

Adetailed腀tephro腼stratigraphy腀including腀tephra腀fall腀layers腀is腀established腀in腀order腀to

reconstruct腀the腀history腀of腀explosive腀volcanism腄

2腪The腀nature腀of腀the腀explosive腀volcanism腀in腀the腀calderas腀from腀which腀the腀various腀tephra

layers腀erupted腄

3腪Relationships腀between腀gigantic腀eruptions腀and腀caldera腀formation腄

2腄Outline腀of腀Geologic腀History腀in腀and腀around腀Kagosima腀Graben

Geomorphological腀and腀geological腀setting
腀腀Kagoshima腀Graben腀is腀a腀trough腼shaped腀volcano腼tectonic腀depression腀120腼130腀km腀long腾

20腼30km腀wide腀and腀is腀trending腀NNE腅SSW腀direction腀across腀the腀southernmost腀part腀of

Kyushu腀Island腀starting腀from腀Kakuto腀Basin腩caldera腪and腀continuing腀to腀the腀East腀China

Sea腩Aramaki腃1984腇see腀Fig腄1腪腄腀The腀northern腀half腀of腀the腀graben腀is腀thickly腀buried腀with

magmatic腀material腀erupted腀from腀the腀Aira腀Caldera腀and腀Kirishima腀Volcano腄腀The腀trough腼

shaped腀southern腀part腀forms腀Kagoshima腀Bay腄腀The腀graben腀appears腀to腀extend腀southward

to腀the腀Kikai腀Caldera腀about腀50腀km腀SSW腀of腀the腀mouth腀of腀Kagoshima腀Bay腄

腀腀Kagoshima腀Graben腀is腀in腀the腀northern腀end腀of腀the腀Ryukyu腀Arc腃腀and腀its腀eastern腀rim

corresponds腀to腀the腀Quaternary腀volcanic腀front腄腀Quaternary腀volcanism腀has腀occurred腀within

the腀20腅30腀km腀wide腀graben腃腀west腀of腀the腀volcanic腀front腄腀The腀concentration腀of腀the腀volcanic

centers腀is腀interpreted腀to腀result腀from腀steep腀subduction腀of腀the腀Philippine腀Sea腀Plate腀at腀the

Ryukyu腀Trench腀east腀of腀the腀graben腀and腀from腀steep腀gradient腀of腀the腀Benioff腀Zone腀demon腅

strated腀by腀Seno腩1977腪and腀Shiono腀et腀al腄腩1980腪腄

腀腀In腀the腀graben腃腀there腀are腀five腀major腀calderas腀from腀north腀to腀south腇the腀Kakuto腃腀Kobaya腼

shi腃腀Aira腃腀Ata腃腀and腀Kikai腀Calderas腩Fig腄1腪腄腀All腀of腀these腀features腀include腀small腼scale

calderas腀and腀post腅caldera腀cones腄腀Each腀caldera腃腀about腀15腼20腀km腀in腀diameter腃腀is腀confined

within腀the腀width腀of腀the腀graben腄
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Basement腀of腀Kagoshima腀Graben
腀腀The腀northern腀end腀of腀Kagoshima腀Graben腀corresponds腀to腀the腀Hoku腼satsu腀Convex

Structure腩Hashimoto腃1984腪腃腀where腀the腀Shimanto腀Supergroup腩Mesozoic腀to腀Paleogene

sedimentary腀rocks腪changes腀its腀strike腀from腀NE腅SW腀to腀N腅S腩Fig腄2腪腄腀The腀convex腀structure

was腀formed腀in腀the腀early腀Miocene腩Hashimoto腃1984腪腃腀by腀the腀clockwise腀rotation腀of

Southwest腀Japan腩Otofuji腀and腀Matsuda腃1983腇Torii腀et腀al腄腃1985腪腃腀and腀by腀the腀formation腀of

the腀Rukyu腀Arc腀and腀the腀collision腀between腀the腀South腼west腀Japan腀Arc腀and腀the腀Kyushu腅Palau

Ridge腩Hashimoto腃1984腪腄
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Fig腄2Geological腀map腀of腀southern腀Kyushu腩simplified腀from腀Geological腀Survey腀of腀Japan腃
腀腀腀腀腀腀1953腃1980腪

腀腀腀腀腀腀1腆Alluvium腇2腆Late腀Quaternary腀stratovolcano腇3腆Holocene腀pyroclastic腀flows腇
腀腀腀腀腀腀4腆Pleistocene腀terrace腀deposits腇5腆Ito腀pyroclastic腀flow腇6腆Ata腀pyroclastic腀flow腇

腀腀腀腀腀腀7腆Pliocene腀to腀middle腀Pleistocene腀pyroclastic腀flows腇8腆Hisatsu腀andesite腇9腆

腀腀腀腀腀腀Early腀Pleistocene腀sedimentary腀rock腇10腆Upper腀Hokusatsu腀Group腇11腆Miyazaki
腀腀腀腀腀腀Group腇12腆Miocene腀granite腇13腆Miocene腀quartz腀porphyry腇14腆Lower腀Hokusat腅

腀腀腀腀腀腀su腀Group腇15腆Eocene腀sedimentary腀rock腇16腆Upper腀Shimanto腀Supergroup腇17腆
腀腀腀腀腀腀Lower腀Shimanto腀Supergroup腇18腆Himeura腀Group腇19腆Paleozoic腀to腀Mesozoic
腀腀腀腀腀腀formations腇20腆Crystalline腀schist腇21腆Fault
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腀腀After腀the腀formation腀of腀the腀Hoku腅satsu腀Convex腀Structure腃腀the腀Nan腼satsu腀and腀Hoku腅

satsu腀Groups腀composed腀of腀andesite腀lava腀and腀tuff腀were腀formed腀in腀the腀Satsuma腀Peninsula

and腀Hoku腼satsu腀region腀in腀the腀middle腀Miocene腀to腀Pliocene腀period腄腀During腀the腀period腀from

the腀late腀Pliocene腀to腀the腀early腀Pleistocene腃腀Hisatsu腀Andesite腀was腀erupted腀and腀formed腀a

wide腀lava腀plateau腀in腀the腀Hoku腅satsu腀region腄腀Some腀of腀the腀lava腀flows腀erupted腀in腀Kagosima

Graben腃腀which腀started腀spreading腀in腀the腀late腀Pliocene腄

Formation腀of腀Kagoshima腀Graben腀and腀its腀volcanism
腀腀Kagoshima腀Graben腀is腀formed腀in腀the腀northern腀zone腀of腀the腀Shimanto腀Supergroup腄腀The

process腀of腀graben腀formation腀is腀unknown腀in腀detail腃腀but腀it腀probably腀involves腀the腀subduction

of腀the腀PhilipPine腀Sea腀Plate腄

腀腀At腀the腀western腀side腀of腀the腀Aira腀Caldera腃腀the腀Shimanto腀Supergroup腀is腀broken腀by

step腼faulting腀and腀overlain腀by腀a腀densely腀welded腀pyroclastic腀flow腀deposit腃腀the腀Terukuni

pyroclastic腀flow腀deposit腩Hayasaka腀and腀Oki腃1971腪which腀is腀about腀2腄9腀Ma腀old腩Shibata腀et

al腄1978腪腄腀This腀means腀that腀Kagoshima腀Graben腀has腀been腀down腼faulted腀in腀the腀last腀2腄9腀Ma

since腀the腀late腀Pliocene腄

腀腀The腀explosive腀volcanism腀of腀silicic腀magma腀was腀almost腀simultaneous腀with腀the腀beginning

of腀down腼faulting腀of腀the腀graben腄腀Many腀large腼scale腀pyroclastic腀flows腃腀including腀the

Terukuni腃腀Izaku腃腀Onobaru腃腀Fumoto腃腀Mobiki腃腀Hayato腃腀Nabekura腀and腀Yoshino腀pyroclastic

flows腩Aramaki腀and腀Ui腃1976腇Aramaki腃1977腇Kaneoka腀et腀al腄腃1984腪腃腀erupted腀from腀the

norhtern腀Kagosima腀Bay腀during腀the腀period腀from腀the腀late腀Pliocene腀to腀the腀middle腀Pleis腼

tocene腩Aramaki腃1983腇see腀Fig腄3腪腄腀In腀the腀northern腀end腀of腀the腀graben腃腀the腀Kobayasi腃

Tanohira腀and腀Kakuto腀pyroclastic腀flows腩Aramaki腀and腀Ui腃1976腇Tajima腀and腀Aramaki腃
1980腪erupted腃腀f6rming腀the腀Kobayashi腀and腀the腀Kakuto腀Calderas腀in腀the腀middle腀Pleistocene腄

腀腀Around腀Kagoshima腀Bay腃腀these腀pyroclastic腀flow腀deposits腀alternate腀with腀marine腀and

lacustrine腀deposits腃腀the腀Kekura腃腀Kogashira腃腀and腀Oyamada腀Formations腩Oki腀and腀Hayasa腼

ka腃1970腪and腀the腀Kokubu腀Group腩Ida腀et腀al腄腃1950腇Otsuka腀and腀Nishiinoue腃1980腪腄腀This

suggests腀that腀the腀southern腀part腀of腀the腀graben腀was腀a腀bay腀or腀a腀lake腀during腀the腀period腀from

the腀early腀Pliocene腀to腀the腀middle腀Pleistocene腄腀The腀Shiroyama腀and腀Tatsuo腀Formations

腩Oki腀and腀Hayasaka腃1970腪腃腀the腀Yoshida腀Shell腀Bed腩Otsuka腀and腀Nishiinoue腃1980腪腃腀and腀the

Onejime腀Formation腩Gohara腀and腀Komori腃1961腃1962腪were腀deposited腀in腀the腀bay腀during腀the

Last腀Interglacial腀Stage腄

腀腀Afterward腃腀during腀the腀last腀100腀ka腃腀the腀gigantic腀Ata腃腀Nagase腃腀Ito腃腀and腀Takeshima

腩Koya腪pyroclastic腀flows腀occurred腃腀and腀the腀Aira腃腀Ata腃腀and腀Kikai腀Calderas腀were腀formed腄

Sakuralima腀and腀Kirishima腀Volcanoes腃腀post腅caldera腀stratovolcanoes腀in腀the腀Aira腀and

Kakuto腀calderas腃腀have腀been腀active腀in腀historic腀times腄

3腄Late腀Quaternary腀Volcanism腀of腀the腀Aira腀Caldera

Geomo鉀hology
腀腀The腀Aira腀Caldera腩Matumoto腃1943腪occupies腀the腀northern腀end腀of腀Kagoshima腀Bay腩Fig腄

1腪腄The腀caldera腀is腀about腀20腀km腀in腀diameter腄腀Its腀bottom腀is腀130腀to腀200腀m腀below腀sea腀leve1腄

The腀top腀of腀the腀caldera腀wall腀is腀500腀to腀900腀m腀above腀the腀submarine腀bottom腂
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腀腀The腀northeastem腀quarter腀of腀the腀caldera腀is腀the腀deepest腀part腀of腀the腀depression腀more腀than

200mbelow腀sea腀level腄腀This腀depression腀is腀called腀the腀Wakamiko腀proto腼caldera腀by

Kuwashiro腩1964腪腄腀Vigorous腀submarine腀fumarolic腀activity腀is腀currently腀present腀there

腩Aramaki腃1977腪腄腀The腀vents腀of腀late腀Pleistocene腀eruptions腀are腀also腀concentrated腀in腀the

caldera腄腀This腀part腀of腀the腀caldera腀was腀as腀active腀as腀Sakurajima腀Volcano腀during腀the腀late

Quaternary腀period腄

腀腀The腀western腀half腀of腀the腀caldera腀has腀a腀flat腀bottom腀at腀140腀m腀below腀sea腀level腄腀It腀is腀covered

by腀unconsolidateded腀ash腃腀as腀well腀as腀non腼volcanic腀sand腀and腀silt腩Hayasaka腃1983腃1987膄腄

Deltaic腀deposits腀from腀the腀Amori腀and腀Beppu腀Rivers腀bury腀the腀northern腀end腀of腀the腀caldera腃

forming腀the腀Kokubu腀Plain腄腀The腀southeastern腀quarter腀consists腀of腀the腀Shimanto腀Super裪
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Fig腄4Geomorphological腀map腀of腀the腀Aira腀Caldera
腀腀腀腀腀腀1腆Alluvial腀plain腇2腆Crater腇3腆Conical腀volcano腇4腆Lava腀dome腇5腠11腆Lava
腀腀腀腀腀腀flow腇12腆Moeshima腀pyroclastic腀flow腀surface腇13腆Hakamagoshi腀pyroclastic
腀腀腀腀腀腀flow腀surface腇14腆Fluvial腀fan腇15腆Landslide腇16腆Cliff腇17腆Caldera腀wall腇18腆Ito

腀腀腀腀腀腀pyroclastic腀flow腀surface腇19腆Kamewarizaka腀breccia腀surface腇20腆Iwato腀pyro腅
腀腀腀腀腀腀clastic腀flow腀surface腇21腆Kakuto腀pyroclastic腀flow腀surface腇22腆Mobiki腀pyroclas腼

腀腀腀腀腀腀tic腀flow腀surface腇23腆Pyroclastic腀surge腀deposit腀surface腇24腆Hill腀and腀mountain腄

腀腀腀腀腀腀Geology腀of腀Sakurajima腀after腀Fukuyama腃腩1978腪and腀Kobayashi腩1982腪
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group腩Hayasaka腃1983腪腄
腀腀The腀eastern腀and腀western腀caldera腀walls腀are腀better腀exposed腀and腀higher腀than腀the腀northern

and腀southern腀walls腃腀exposing腀the腀Shimanto腀Supergroup腀and腀Pleistocene腀lava腀flows腄

According腀to腀Aramaki腩1983腪腃腀the腀western腀wall腀continues腀southward腀from腀the腀channel

with腀a腀bottom腀of腀40腀m腀below腀sea腀level腀between腀Sakurajima腀and腀Kagoshima腀City腀through

southern腀rim腀of腀Sakurajima腀Volcano腃腀and腀to腀Cape腀Hayasaki腀in腀the腀Osumi腀Peninsula腩Fig腄

4腪腄The腀northern腀wall腀is腀eroded腀away腀since腀it腀was腀mainly腀composed腀of腀soft腀pyroclastic

flow腀deposits腄

腀腀Sakurajima腀Volcano腩Fig腄4腪腃腀a腀post腅caldera腀cone腃腀is腀one腀of腀the腀most腀active腀stratovol腅

canoes腀in腀the腀recent腀history腀of腀Japan腄腀There腀are腀some腀parastic腀volcanoes腇Yonemaru腃

Sumiyoshiike腃腀and腀Kenashino腀maars腃腀and腀Aozikiyama腀cinder腀cone腃腀which腀are腀located腀on

the腀northern腀caldera腀rim腩Fig腄4腪腄

Outline腀of腀volcanism
腀腀The腀first腀eruptions腀of腀north腀Kagoshima腀Bay腀produced腀the腀2腄9腀Ma腀old腩Shibata腀et莿1腄腃

1978腪Terukuni腀pyroclastic腀flow腩Hayasaka腀and腀Oki腃1971腪in腀the腀late腀Pliocene腄腀Since腀that

time腃腀many腀pyroclastic腀flows腩Aramaki腀and腀Ui腃1976腇Aramaki腃1977腇Kaneoka腀et腀al腄腃

1984腪have腀erupted腃腀occasionally腀accompanied腀by腀lava腀flows腩Fig腄3腪腄

腀腀The腀period腀from腀400腅200腀ka腀when腀the腀Kakuto腀pyroclastic腀flow腀erupted腩Miyachi腃1983腪腃

to腀80腀ka腃腀was腀a腀relatively腀quiet腀time腃腀with腀no腀large腀explosive腀eruptions腄腀However腃腀this

time腀included腀the腀effusive腀eruptions腀of腀the腀Shikine腀andesite腀lava腀flow腩Aramaki腃1969腪

and腀the腀Ushine腀rhyolite腀and腀basalt腀lava腀flows腩Kobayashi腀et莿1腄腃1977腇Kaneoka腀et腀a観腃

1984腪at腀the腀northeastern腀and腀southeastern腀rims腀of腀the腀caldera腄

腀腀Explosive腀volcanism腀reopened腀with腀the腀Fukuyama腀plinian腀eruption腀in腀70腅80腀ka腩Fig腄5腪腄

During腀60腼30腀ka腃腀the腀Iwato腃腀Otsuka腃腀Fukuminato腃腀and腀Arasaki腀plinian腀eruptions腀intermit腅

tently腀occurred腀in腀the腀eastern腀half腀of腀the腀caldera腃腀sometimes腀followed腀by腀moderate腅scale

pyroclastic腀flows腩Nagaoka腃1984腪腄

腀腀The腀plinian腀eruptions腀were腀followed腀by腀the腀largest腀eruption腀in腀the腀late腀Quaternary

history腀of腀the腀Aira腀Caldera腃腀the腀22腼21腀ka腀event腀with腀is腀called腀the腧Aira腨eruption腀in腀this

paper腄腀The腀eruption腀consisted腀of腀the腀Osumi腀pumice腀fal1腃腀the腀Tsumaya腀pyroclastic腀flow

and腀the腀Ito腀pyroclastic腀flow腩Aramaki腃1969腃1983腃1984腪腄腀The腀Ito腀pyroclastic腀flow腀covered

awide腀area腀of腀southern腀Kyushu腃腀and腀its腀co腅ignimbrite腀ash腀fall腃腀the腀Aira腅Tn腀ash腩Machida

and腀Arai腃1976腪腃腀reached腀northeastern腀Japan腀more腀than腀1腃000腀km腀far腀from腀the腀source腄

腀腀Construction腀of腀Sakurajima腀Stratovolcano腀started腀at腀the腀southern腀margin腀of腀the

caldera腀about腀13腀ka腩Fukuyama腀and腀Ono腃1981腪腄腀The腀first腀active腀center腀was腀Kita腼dake

and腀recently腀Minami腼dake腀became腀the腀active腀center腩Fukuyama腃1978腇Kobayashi腀and
Fukuyama腃1984腪腄腀Lava腀flows腀from腀parastic腀craters腀and腀fissures腀on腀Sakurajima腀frequent腼

ly腀occurred腩Fukuyama腃1978腇Kobayashi腃1986腪腄
腀腀The腀Moeshima腀pyroclastic腀flow腩Aramaki腀and腀Ui腃1976腇Takano腀base腀surge腀i莍Kobaya腼

shi腃1986腪was腀erupted腀from腀the腀Wakamiko腀Caldera腩Kuwashiro腃1970腪at腀about腀10腀ka

腩Aramaki腃1983腃1984腪or腀12腅13腀ka腩Kobayashi腃1986腪腄腀A腀phreatomagmatic腀eruption腆

Satsuma腀eruptive腀cycle腃腀including腀pumice腀fall腀and腀base腀surge腃腀took腀place腀beneath

Sakurajima腀Volcano腀about腀ll腀ka腩Kobayashi腃1986腪腄腀About腀6腀ka腃腀two腀phreatomagmatic

eruptions腀took腀place腀successively腀producing腀Yonemaru腀and腀Sumiyoshiike腀maars腀north腅
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Otsuka腀Eruption Pumice腀Falls腩Ot腀P腪

1腄2km3

0腄5km3

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀7腼12km3
腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀Pyroclastic腀Flows腩Iwt腀Pf1腪

腀腀腀腀腀腀腀腀腀Iwato腀Eruption

腀腀腀腀腀腼裪裪韖誛裪裪裪裪裪裪誚裪裪裪誛裪躲躲裪裪裪裪裪裪裪裪裪裪腀腀腩Aso腼4腀Pyroclastic腀Flows腪裪裪裪裪裪
腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀10km3
腀腀腀腀腀腀腀Fukuyama腀Eruption腀Pumice腀Falls腩Fk腀P腪

腀腀腀腀腀80腼70ka

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀Ash腀falls

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀Pyroclastic腀SurgesP

腀腀腀腀腀腼裪詤裪裪裪鍑裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪腀腩Kikai腼Tz腀Ash腀Falls腪裪裪裪裪裪裪裪裪

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀Scoria腀Falls

腀腀腀腀腀裪鵇裪裪r酡釱隚酅腃隚荪腛裪裪腩Ata腀Py腵膋clastic腀F1膋ws腪鵇裪裪迢裪裪隐裪裪裪裪

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀裪腀腀誚腀腀裪腀裪腀裪腀腀詤腀裪誚腀裪腀腀裪腀腀裪腀腀裱腀腀腀裪腀腀腑腀腀腑腀腀腑腀腀腑腀腑腑腀腀腑腀腀腑

腀腀腀腀腀腀腀Submarine腀EruptionP腀腀腀Pyroclastic腀Flows腀腀腀腀腀腀Sikine腀Andecite腀Lava腀Flows

腀腀腀腀腀腼裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪裪腀腩Kakuto腀Pyroclastic腀Flows腪腀裪裪裪裪裪裪
腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀400腼200ka

腀腀腀腀腀Fig腄5Block腀diagrams腀showing腀the腀late腀Quaternary腀geologic腀history腀of腀the腀Aira
腀腀腀腀腀腀腀腀腀腀腀腀腀Caldera

west腂f腀th腂腀腂hldera腩M腂腃iw腂ki腀腁t腅al腄腃1986腪腄

Late腀Pleistocene腀tepllra腀layers腀older腀than腀the腀Aira腀eruptive腀cycle

腀腀In腀this腀section腃腀late腀Pleistocene腀marker腀tephra腀layers腀80腼30腀ka腀are腀described腄腀These

tephra腀layers腀are腀composed腀of腀six腀formations腀of腀Fukuyama腀to腀Arasaki腀eruptions腩Fig腄5腪

interbedded腀with腀thin腀weathered腀layers腀representing腀quiescent腀time腩Figs腄6and腀7腪腄腀The

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腼58裪
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Fig腄6腀1dealized腀columnar腀sections腀for腀the腀late腀quaternary腀tephra腀layers腀around腀the
腀腀腀腀腀腀Aira腀Caldera

腀腀腀腀腀腀S6腆Hayato腀area腃腀the腀northern腀rim腀of腀the腀caldera腇S7腆Kokubu腀and腀Fukuyama

腀腀腀腀腀腀area腃腀the腀northeastern腀rim腇S5腆Tarumizu腀area腃腀the腀southeastern腀rim腇Pfa腆

腀腀腀腀腀腀Pumice腀fall腇Afa腆Ash腀fall腇Pfl腆Pyroclastic腀flow腇Ps腆Pyroclastic腀surge腇1腆

腀腀腀腀腀腀Pumice腇2腆Scoria腇3腆Ash腇4腆Accretionary腀lapilli腇5腆Pyroclastic腀flow腇6腆Vol腼
腀腀腀腀腀腀canic腀breccia腇7腆Laminated腀bed腇8腆Weathered腀volcanic腀ash
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formations腀consist腀of腀more腀than腀ten腀members腀containing腀pumice腀falls腃腀ash腀falls腃腀pyroclas腼

tic腀flows腀and腀pyroclastic腀surges腄腀A腀formation腀is腀composed腀of腀a腀single腀member腃腀or腀a腀few

members腀without腀interbedded腀soil腀layers腄腀While腀a腀formation腀is腀interpreted腀to腀represent

an腀eruptive腀cycle腀defined腀by腀Nakamura腀et腀al腄腩1963腪腃腀a腀member腀is腀formed腀by腀an腀eruptive

phase腀defined腀by腀Fisher腀and腀Schmincke腩1984腪腄腀Descriptions腀of腀formations腀and腀members

are腀given蹏n腀ascending腀order腄

Fuleu腆荜莿腖za菏z4腖z荓6辢fall腀dePosit腩Fk腀P腪
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Fig腄8Dispersal腀map腀of腀the腀Fukuyama腀pumice腀fall腀deposit
腀腀腀腀腀腀Athick腀broken腀line腆Thickness腩in腀cm腪腇Athin腀broken腀line腆

腀腀腀腀腀腀Maximum腀pumice腀size腩in腀mm腪腇The腀vent腀position腀is腀shown腀by

腀腀腀腀腀腀astar腄
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腀腀The腀formation腀comprises腃腀a腀sing1e腀pumice腀fall腀member腄腀Aramaki腩1969腪first腀described

that腀the腀pumice腀fall腀deposit腀erupted腀in腀the腀Iwato腀cycle腀including腀the腀Iwato腀pyroclastic

flow腄腀Aramaki腀and腀Ui腩1976腪gave腀the腀pumice腀the腀name腀of腀Fukuyama腀to腀distinguish腀it

from腀the腀products腀of腀the腀Iwato腀cycle腄

腀腀At腀Kamewarizaka腃腀on腀the腀northeastern腀rim腀of腀the腀Aira腀Caldera腃腀Fk腀P腀overlies腀the

about腀75腀ka腀old腀Kikai腅Tozurahara腀ash腀fall腩Machida腀and腀Arai腃1983腪腃腀and腀has腀a腀maximum

thickness腀of腀more腀than腀800腀cm腄腀The腀Fk腀P腀layer腀is腀composed腀of腀one腀or腀two腀fall腀unitS腀which

are腀well腀sorted腀and腀normally腀graded腄腀Pumice腀fragments腃7腁5腀cm腀in腀maximum腀diameter腃

are腀light腀yellow腀and腀poorly腀vesicular腄腀Phenocrysts腀of腀pumice腀contain腀many腀hornblende

particles腃腀a腀useful腀key腀to腀distinguish腀the腀Fk腀P腀from腀other腀tephra腀layers腀from腀the腀Aira

Caldera腄腀There腀are腀few腀lithic腀fragments腄

腀腀Fk腀P腀is腀distributed腀among腀the腀area腀more腀than腀3腃500腀km2腀from腀the腀Osumi腀Peninsula腀to

the腀Miyazaki腀Plain腩Fig腄8腪腄腀The腀orientation腀of腀the腀dispersal腀axis腀is腀ESE腄腀The腀vent

position腀is腀estimated腀from腀the腀variation腀of腀maximum腀pumice腀sizes腩Fig腄8腪to腀be腀in腀the

northeastern腀part腀of腀the腀caldera腃腀the腀volume腀is腀about腀10腀km3腃腀calculated腀by腀isopach腀map

腩Fig腄8腪腄腀The腀age腀of腀Fk腀P腀is腀about腀80腅70腀ka腀because腀it腀is腀covered腀by腀the腀70腀ka腀old腩Machida

et腀al腄腃1985腪Aso腅4腀pyroclastic腀flow腩Ono腀et腀al腄腃1977腪directly腀in腀the腀Miyazaki腀Plain

腩Nagaoka腃1984腃1986腪腄

Iwato雜腖zice腃fall腀deposit腩lwt腀P腪and腀1雜莿镆o腀pyro腀clas腀tic腞Z腩腪w腀deposit腩lwt腀Pf1腪

腀腀Iwato腀erupti邡e腀cycle腀is腀represented腀by腀pumice腀fall腀and腀pyroclastic腀flow腀members腃腀Iwt

Pand腀Iwt腀Pfl腄
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Fig腄9Columnar腀sections腀for腀the腀Iwato腀pumice腀fall腀deposit
腀腀腀腀腀腀Symbols腀are腀the腀same腀as腀in腀Fig腄6腄
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Iwt腀P腀Iwt腀P腀is腀a腀product腀of腀a腀plinian腀phase腀preceding腀the腀pyroclastic腀flow腄腀The腀pumice

is腀correlated腀with腀the腀Dai腼san腀Orange腀pumice腩Endo腀et腀al腄腃1962腪in腀the腀Miyazaki腀Plain腀by

Arai腀and腀Machida腩1980腪腃腀and腀Nagaoka腩1984腪腄

腀腀At腀Usuki腩Loc腄腀W5腃腀Fig腄9腪腃腀Kokubu腀City腃腀Iwt腀P腀has腀a腀thickness腀of腀220腀cm腀and腀is

composed腀of腀the腀three腀main腀units腀as腀follows腀in腀ascending腀order腆

腀腀100cm腀lower腀unit腆moderately腀vesicular腀light腀yellow腀pumice腩maximum腀diameter腆
腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀9腄3cm腪腄

腀腀20腼30cm腀middle腀unit腆cross腅laminated腀crystal腼rich腀ash腄

腀腀95cm腀upper腀unit腆fairly腀vesicular腀light腀yellow腀pumice腀with腀brown腀scoria腄

腀腀The腀lower腀unit腀corresponds腀to腀a腀pumice腀fall腀layer腀underlying腀Iwt腀Pfl腀around腀Kokubu

City腩Fig腄9腪腄腀The腀upper腀unit腀is腀correlative腀with腀pumice腀layer腀intercalated腀in腀the腀lower

part腀of腀Iwt腀Pfl腩Fig腄9腪腃腀because腀both腀layers腀include腀scoria腄腀The腀middle腀unit腀can腀be

equivalent腀to腀the腀lowermost腀part腀of腀Iwt腀Pfl腀which腀locally腀exhibits腀cross腼bedding腩Fig腄9腪腄

The腀last腀phase腀of腀Iwt腀P腀was腀probably腀synchronous腀with腀the腀earliest腀phase腀of腀Iwt腀Pf1腄

腀腀The腀Iwt腀P腀covers腀the腀area腀of腀1腃800腀km2腀from腀the腀eastern腀foot腀of腀Kirishima腀Volcano腀to

the腀Miyazaki腀Plain腩Fig腄10腪腄腀The腀dispersal腀fan腀extends腀to腀the腀ENE腀The腀vent腀position腀is

estimated腀to腀be腀located腀in腀the腀Kukubu腀Plain腃腀northeastern腀end腀of腀the腀Aira腀Caldera腀from

the腀maximum腀pumice腀size腀variation腩Fig腄10腪腄腀The腀volume腀is腀calculated腀to腀be腀3腅5腀km3腄

4

Iw莿to腀P

Th腀腩cm腪膕MP臚min7

腀腀腀0腀腀腀腀腀腀腀腀20km

Fig腄10腀Dispersal腀map腀of腀the腀Iwato腀pumice腀fall腀deposit
腀腀腀腀腀腀腀Symbols腀as腀Fig腄8腄
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Fig腄11腀Distribution腀of腀remaining
腀腀腀腀腀腀腀parts腀of腀the腀Iwato腃腩Arasaki腪

腀腀腀腀腀腀腀and腀Moeshima腀pyroclastic
腀腀腀腀腀腀腀flow腀deposits

腀腀腀腀腀腀腀1腆Moeshima腀Pfl腇2腆Arasaki

腀腀腀腀腀腀腀Pfl腇3腆Iwato腀Pf1腄腀Iwt腀Pfl

腀腀腀腀腀腀腀after腀Aramaki腩1969腃1977腪

Iwt腀Pfl腀Iwt腀Pfl腀corresponds腀to腀the腀Iwato腀pumice腀flow腀deposit腩Sawamura腃1956腇Ota腀et

al腄腃1967腪and腀the腀Iwato腀pyroclastic腀flow腀deposit腩Aramaki腃1969腪腄

腀腀Iwt腀Pfl腀is腀distributed腀under腀the腀plateau腀around腀Kokubu腀City腩Fig腄11腪腄腀The腀Maximum

thickness腀is腀more腀than腀100腀m腄腀Iwt腀Pfl腀has腀at腀least腀four腀flow腀units腀separated腀by腀three腀air

fall腀deposits腀including腀the腀Iwt腀P腀upper腀unit腀and腀two腀thin腀ash腀layers腄腀The腀lowermost腀unit

exhibits腀cross腼bedding腃腀which腀indicates腀strong腀turbulent腀flow腀occurring腀by腀friction腀at腀the

bottom腀of腀the腀pyroclastic腀flow腄腀The腀second腀unit腀from腀the腀bottom腀is腀the腀thickest腀among

four腀units腀and腀is腀weakly腀welded腄腀Others腀are腀non腼welded腄腀All腀units腀are腀mainly腀composed

of腀poorly腀vesicular腀pumice腀up腀to腀50腀cm腀across腀and腀matrix腀of腀crystal腼rich腀ash腄腀Scoria腀and

banded腀pumice腀are腀frequently腀found腀in腀the腀lower腀two腀units腄腀The腀volume腀is腀calculated腀to

be腀5腼10腀km3腄腅

0苈z4顝Pumice腀fall腀4隈腪osit腩Ot腀p腪

腀腀Ot腀P腀represents腀a腀single腀eruptive腀cycle腄腀It腀is腀intercalated腀in腀the腀Aira腀bed腀4腩Aramaki腃

1969腪腃lacustrine腀and腀fluvial腀sediments腃腀and腀was腀described腀by腀Nagaoka腩1984腪腄

腀腀At腀Uenodan腩Loc腄腀A8腃腀Fig腄7腪in腀Kokubu腀City腃腀Ot腀P腃200腀cm腀thick腃腀is腀composed腀of腀two

fall腀units腀exhibiting腀reversed腀grading腄腀Pumice腀fragments腀are腀white腀and腀very腀vesicular腄

There腀are腀few腀lithics腀in腀the腀deposit腄

腀腀The腀narrow腀dispersal腀fan腀extends腀to腀NE腩Fig腄12腪腄腀The腀variation腀of腀maximum腀pumice

size腀indicates腀that腀the腀vent腀was腀in腀the腀northeastern腀quarter腀of腀the腀caldera腩Fig腄12腪腄腀The

volume腀is腀calculated腀to腀be腀about腀O腄5腀km3腄

Fukaminato腀Pumice腀fall腀dePosit腀腩Fm腀P腪

腀腀This腀formation腀is腀made腀up腀of腀a腀single腀pumice腀fall腀member腄腀Fm腀P腀was腀first腀described

by腀Aramaki腩1977腪Fm腀P腀is腀210腀cm腀thick腃腀and腀is腀composed腀of腀more腀than腀twenty腀thin腀fall

units腀at腀Usuki腩Loc腄腀A7腃腀Fig腄7腪in腀Kokubu腀City腄腀The腀pumice腀is腀light腀yellow腀and腀poorly

vesicular腃腀and腀has腀a腀maximum腀diameter腀of腀90腀cm腀in腀the腀lowermost腀unit腃
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腀腀In腀Kenashino腩Loc腄腀A5腃腀Fig腄7腪腃5腀km腀west腀of腀Usuki腃腀Fm腀P腀has腀accretionary腀lapilli腀layer

30cm腀thick腀at腀the腀base腀of腀Fm腀P腄腀This腀layer腀suggests腀that腀a腀small腀phreatomagmatic

eruption腀preceded腀the腀main腀plinian腀eruption腄

腀腀The腀dispersal腀shape腀is腀almost腀round腩Fig腄13腪腄腀Its腀major腀axis腀is腀not腀clear腃腀because腀Fm

Pconsists腀of腀many腀thin腀fall腀units腀which腀have腀different腀dispersal腀fans腀and腀axes腄腀The

variation腀of腀the腀maximum腀pumice腀size腩Fig腄13腪suggests腀that腀the腀vent腀position腀is腀in腀the

northeastern腀part腀of腀the腀caldera腄腀The腀volume腀is腀calculated腀to腀be腀about腀l腀km3腄

4
5

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腞钯苅o荴

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腞膓腄菁

腀腀腀腀腀蝇腀腀OtsukG腀P

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀Th腩cm腰膕MPrmm腞
腀腀腀腀腀腀腀腀腀腀腀20km

Fig腄12

4

Dispersal腀map腀of腀the腀Otsuka腀pumice腀fall
Symbols腀as腀Fig腄8腄

Fig腄13

deposit

腞荎
腀腀腀腀腟

腃腂210荭

芪腞

腀腀腀荭

腞

腟

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腞

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腞o

腟腅膄6荧腑荞腞

0腀腀腀腀腀腀腀腀20km

Fukaminato腀P
Th腯cm腪膕MPi菅m荭

Dispersal腀map腀of腀the腀Fukaminato腀pumice腀fall腀deposit

Symbols腀as腀Fig腄8腄
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腀腀腀腀腀腀腀腀腀腀20km腀Fig腅141sopach腀map腀of腀the腀Arasaki腀pumice
腶裪裪腸裪裪裪裪裪J腀腀腀腀腀腀腀腀腀腀腀fall腀deposit

荭1鑒莿英荓Pu腖z荓6菆fall腀del腪osit腩Ar腀P腪and腞1腀rasafei腀P荣r腩腪ckzstic腞Zoz腖腀dePosit腩Ar腀Pf1腪

腀腀This腀cycle腀is腀represented腀by腀two腀members腃腀Ar腀P腀and腀Ar腀Pfl腄

腀腀Aramaki腀and腀Ui腩1976腪reported腀the腀Arasaki腀pumice腀fall腀deposit腀in腀the腀southwestern

part腀of腀the腀Aira腀Caldera腄腀Afterward腃腀Nagaoka腩1984腪腃腀however腃腀interpreted腀the腀deposit腀as

apyroclastic腀flow腀deposit腃腀and腀renamed腀it腀the腀Arasaki腀pyroclastic腀flow腀deposit腩Ar腀Pfl腪腄

Nagaoka腩1984腪found腀another腀pumice腀fall腀sheet腀underlying腀Ar腀Pfl腃腀and腀called腀it腀the

Arasai腀pumice腀fall腀deposit腩Ar腀P腪腄

Ar腀P腀Ar腀P腀is腀350腀cm腀thick腀and腀contains腀poorly腼vesiculated腀light腀yellow腀pumice腀of腀2腀cm

in腀maximum腀diameter腀at腀Kaigata腀Hot腀Spring腩Loc腄腀A3腃腀Fig腄7腪in腀Tarumizu腀City腄

腀腀Ar腀P腀is腀scattered腀in腀the腀small腀area腀of腀the腀middle腀Osumi腀Peninsula腩Fig腄14腪腄腀The

orientation腀of腀dispersal腀axis腀is腀ESE腄腀The腀source腀is腀estimated腀to腀be腀in腀the腀southern腀part

of腀the腀caldera腄腀The腀volume腀is腀less腀than腀l腀km3腄

Ar腀Pfl腀Ar腀Pfl腀covers腀a腀small腀area腀around腀Kaigata腀Hot腀Spring腩Fig腄11腪腄腀At腀Loc腄腀A3腀in腀Fig腄

7腃Ar腀Pfl腀is腀a腀non腼welded腀pyroclastic腀flow腀deposit腀30腀m腀thick腄腀The腀lower腀two腀thirds腀of腀the

20min腀thickness腀is腀poor腼sorted腀mixture腀of腀pumice腀and腀ash腃腀and腀the腀upper腀one腀third腃腀is

composed腀of腀rounded腀coarse腀pumice腀exhibiting腀cross腅bedding腄腀The腀volume腀is腀less腀than腀O腄

5km3腄腀The腀ages腀by腀fission腀track腀dating腀range腀from腀41腀ka腀to腀31腀ka腩Sato腀et腀al腄腃1972腪腄

Kenashino腖z莿莿7腀dePosit腩Kn腪

腀腀Kn腀was腀first腀described腀by腀Nagaoka腩1984b腪腄腀Kn腀erupted腀from腀small腀Genkian腀basin腀500

mwest腀of腀Kenashino腃腀in腀Kokubu腀City腃1km腀NNE腀of腀the腀Aira腀Caldera腃腀and腀is腀deposited

around腀the腀basin腩Fig腄15腪腄腀A腀good腀section腀of腀Kn腀is腀exposed腀at腀a腀road腅cut腀at腀east腀wall腀of

Genkian腀basin腄腀The腀stratigraphy腀is腀as腀follows腀in腀ascending腀order腆

腀腀30腼100cm腆alternating腀beds腀of腀lithic腀fragments腃腀coarse腀ash腀and腀pumice腀fragments
腀腀腀腀腀腀腀腀腀腀腀腀腩fall腼out腀deposits腪腄

600cm腆white腀pumice腀layer腃10腀cm腀in腀maximum腀pumice腀size腩fall腼out腀deposits腪腄

腀腀300腼700cm腆poor腅sorted腀explosion腀breccia腀including腀abundant腀obsidian腀chips腩fal1腼out

腀腀腀腀腀腀腀腀腀腀腀腀deposits腪腄

腀腀700腼800cm腆laminated腀pumice腀and腀ash腀layer腩base腀surges腪腄

The腀uppermost腀laminated腀layer腀changes腀into腀a腀vitric腀ash腀fall腀layer腀rich腀in腀accretionary

lapilli腀in腀the腀distal腀area腄腀Accretionary腀lapilli腀and腀obsidian腀chips腀suggest腀that腀the腀magma
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was腀rapidly腀chilled腀in腀contact腀with腀water腀and腀that腀a腀phreatomagmatic腀eruption腀took

place腄腀The腀total腀volume腀of腀Kn腀is腀less腀than腀O腄1腀km3腄

腀腀Kn腃腀Ar腀P腃腀and腀Ar腀Pfl腀are腀all腀covered腀with腀the腀Osumi腀pumice腀fall腀deposit腩Figs腄6and

7腪腄But腀the腀stratigraphical腀relationship腀between腀Kn腀and腀Ar腀P腅Ar腀Pfl腀is腀unknown腀because

the腀distributions腀of腀the腀two腀formations腀do腀not腀overlap腀each腀other腄

Tephra腀layers腀in腀the腀Aira腀eruptive腀cycle

腀腀About腀22腼21腀ka腃腀a腀cycle腀of腀large腅scale腀eruptions腀occurred腄腀The腀total腀magma腀erupted

during腀this腀cycle腀is腀estimated腀to腀have腀been腀up腀to腀100腀km3腀in腀total腀volume腀before

vesiculation腩Aramaki腃1983腪腄腀The腀series腀of腀eruptions腀is腀described腀in腀detail腀by腀Aramaki

腩1983腃1984腪腄Asummary腀of腀Aramaki腦s腀work腀foUows腀and腀a腀few腀of腀author腦s腀new腀data腀are

added腄

Fig腄151sopach腀map腀of腀the腀Kena腅
腀腀腀腀腀腀腀shino腀maar腀deposit
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Fig腄171sopach腀map腀of腀the腀Osumi腀pumice腀fall腀deposit腩in腀cm腪腃腀modified腀from

腀腀腀腀腀腀腀Kobayashi腀et腀al腄腩1983腪

Osumi腀Pumice腀fall腀dePosit腀腩Os腀P腪

腀腀The腀cycle腀started腀with腀a腀large腼scale腀plinian腀phase腀which腀formed腀the腀Osumi腀pumice腀fall

deposit腃腀Os腀P腩Fig腄16腪which腀may腀be腀as腀much腀as腀90腀km3腀in腀volume腩Kobayashi腀et腀al腄腃1983腪腄

The腀Os腀P腀erupted腀from腀a腀vent腀located腀at腀the腀present腀site腀of腀Sakurajima腀Volcano

腩Aramaki腀and腀Ui腃1966b腇Kobayashi腀et腀al腄腃1983腪腄

腀腀The腀main腀dispersal腀axis腀of腀Os腀P腀extends腀to腀the腀ESE腃腀but腀its腀wide腼spread腀dispersal腀fan

covers腀the腀southeastern腀half腀of腀Kyushu腩Fig腄17腪腄腀Os腀P腀consists腀of腀a腀layer腀of腀rhyodacitic

gray腅white腀pumice腀fragments腄腀The腀deposit腀generally腀lacks腀stratification腀and腀nearly

homogeneous腀except腀for腀an腀overall腀reverse腀grading腄腀These腀features腀indicate腀the腀brevity

and腀simplicity腀of腀the腀sequence腀of腀this腀plinian腀eruption腩Aramaki腃1984腪腄

腀腀Plots腀of腀area腀enclosed腀by腀isopachs腀against腀thickness腀of腀some腀late腀Quaternary腀tephra

falls腀in腀southern腀Kyushu腀are腀given腀in腀Fig腄18a腄腀The腀volume腀of腀Os腀P腀is腀much腀larger腀than

other腀plinian腀phases腄腀The腀size腀of腀the腀dispersal腀area腀of腀tephra腀is腀principally腀a腀function腀of

the腀height腀reached腀by腀the腀eruptive腀column腩Walker腃1973腪腄腀Figure腀18b腀indicates腀that腀the

eruptive腀column腀of腀Os腀P腀was腀much腀higher腀than腀others腄腀Os腀P腀phase腀had腀therefore腀high

discharge腀rate腀of腀magma腄
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腀腀In腀near腼source腀areas腃腀along腀the腀eastern腀shore腀of腀the腀caldera腀within腀20腀km腀southeast腀of

the腀vent腩Fig腄19腪腃腀there腀are腀many腀small腅scale腀pyroclastic腀flow腀layers腀forming腀lower腀part

of腀low腼angle腀cross腼bedding腀with腀a腀wavelength腀of腀up腀to腀30腀m腩Kobayashi腃1981腪腄腀Most腀of

them腀appear腀to腀have腀been腀generated腀synchronously腀with腀the腀plinian腀eruption腄腀This

suggests腀that腀there腀were腀times腀when腀the腀southern腀part腀of腀the腀plinian腀eruption腀column

collapsed腄

AREA腀腀腀腀腀腀腀腀腀腀腀腀腀腀a腀腀AREA腀腀腀腀腀腀腀腀腀腀腀腀腀腀b
腀km2腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀km2
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1 101腀腀腀腀腀102腀腀腀腀mm
腀腀MAXIMUM腀SIZE腀OF腀PUMICE

Fig腄18腀Plots腀of腀the腀areas腀enclosed腀by腀isopachs腀a腪against腀the腀thickness腩left腪腃腀and腀b腪

腀腀腀腀腀腀腀against腀the腀maximum腀size腀of腀pumice腀and腀scoria腩right腪腃腀for腀the腀subaerial腀fallout

腀腀腀腀腀腀腀tephra腀layers腀from腀some腀caldera腀volcano腀in腀southern腀kyushu

腀腀腀腀腀腀腀AT腆Aira腼Tn腀ash腀from腀Aira腀caldera腃腀Ah腆Akahoya腀ash腀from腀Kikai腀caldera腃腀K腼Tz腆

腀腀腀腀腀腀腀Kikai腼Tz腀ash腀from腀Kikai腃腀Os腀P腆Osumi腀pumice腀fa11腩pfa腪from腀Aira腃腀Fk腀P腆

腀腀腀腀腀腀腀Fukuyama腀pfa腀from腀Aira腃腀Iwt腀P腆Iwato腀pfa腀from腀Aira腃腀Fm腀P腆Fukaminato腀pfa

腀腀腀腀腀腀腀from腀Aira腃腀Ot腀P腆Otsuka腀pfa腀from腀Aira腃腀ArP腆Arasaki腀pfa腀from腀Aira腃腀Kn腆

腀腀腀腀腀腀腀Kenashino腀maar腀deposit腃腀Tr腀P腆Torihama腀pfa腀from腀Ata腀caldera腄腀Ata腀P腆Ata腀pfa

腀腀腀腀腀腀腀from腀Ata腃腀Mr腀P腆Marumine腀pfa腀from腀Ata腃腀Ik腀P腆Ikeda腀pfa腀from腀Ikeda腀caldera腃腀Kr

腀腀腀腀腀腀腀S腆Karayama腀scoria腀fall腀from腀Karayama腀volcano腀in腀Ata腀caldera腃腀Fn腀P腆Funakura

腀腀腀腀腀腀腀pfa腀from腀Kikai腀caldera腃腀Tn腅II腀P腆Tane腀II腀pfa腀from腀Kikai腃腀Os腀P腀adapted腀from

腀腀腀腀腀腀腀Kobayashi腀et腀al腄腩1983腪腃腀Fn腀P腀from腀Walker腀et腀al腄腩1984腪
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覕菎腖3讨隭06面荓6閨菖dePosit腩Tm腀Pfl腪
腀腀The腀Os腀P腀eruptive腀phase腀was腀followed腀by腀the腀oxidized腃腀fine腅grained腀Tsumaya腀pyroclas腅

tic腀flow腩Tm腀Pfl腪腃13腀km3腀in腀volume腃腀which腀was腀erupted腀from腀the腀same腀vent腀as腀Os腀P

腩Afamaki腃1984腪腃腀Its腀distribution腀is腀completely腀confined腀within腀the腀caldera腩Fig腄19腪腄腀Tm

Pfl腀buries腀very腀rugged腀topography腃腀and腀has腀a腀maximum腀thickness腀of腀up腀to腀100腀m

腩Aramaki腃1984腪腄

腀腀Tm腀Pfl腀consists腀of腀a腀pale腀pinkish腀brown腀glassy腀matrix腀containing腀a腀small腀amount腀of

pumice腀and腀lithic腀fragments腄腀In腀the腀lower腀part腀of腀the腀flow腃腀low腼angle腀cross腅beds腀occur腀in

many腀places腄腀An腀ash腀fall腀layer腀rich腀in腀accretionary腀lapilli腃腀which腀probably腀formed腀in腀a

phreatomagmatic腀eruption腃腀was腀discovered腀at腀the腀base腀of腀Tm腀Pfl腀around腀the腀Aira

Caldera腄腀These腀features腀suggest腀that腀the腀earlier腀eruption腀of腀Tm腀Pfl腀was腀very腀violent腀and

phreatic腀one腄

腀腀Aramaki腩1983腃1984腪estimates腀that腀repeated腀phreatomagmatic腀eruptions腀occurred
from腀a腀large腀crater腀when腀an腀amount腀of腀uniformly腀oxidized腀magmatic腀material腀repeatedly

rose腀and腀fell腀in腀the腀crater腃腀and腀that腀a腀moderate腀explosion腀expelled腀the腀finer腅grained

portion腀out腀of腀the腀vent腀to腀form腀Tm腀Pfl腄

菎oPyro腀ckzs腀tic腄170w腀del腪osit腩lto腀Pfl腪

腀腀After腀a腀very腀short腀pause腃腀a腀violent腀explosive腀ejection腀of腀the腀basement腀rock腀fragments

and腀pumiceous腀materials腀occurred腀and腀gradually腀changed腀into腀a腀huge腀eruption腀column

which腀rapidly腀collapsing腀to腀form腀the腀lto腀pyroclastic腀flow腀deposit腩Ito腀Pfl腪腃腀about腀300腀km3

in腀volume腩Aramaki腃1984腪腄腀It腀covers腀the腀land腀within腀a腀circle腀of腀50腀to腀80腀km腀radius腩Fig腄

20腪of腀the腀caldera腄腀Ito腀Pfl腀has腀a腀maximum腀thickness腀of腀more腀than腀180腀m腃腀burying腀pre腅lto

腉


腅腅9腂腄

Tsum腩7ya

腧裪願

4腁陾
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1腠
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膡貗

Fig腄19腀Distribution腀of腀remaining腀parts腀of腀the腀Osumi腀and
腀腀腀腀腀腀腀Tsumaya腀pyroclastic腀flow腀deposits腩after腀Aramaki
腀腀腀腀腀腀腀腩1969腪腃Oki腀and腀Hayasaka腩1970腪腃腀Oki腩1974腪腃腀Otsuka腀and

腀腀腀腀腀腀腀Nishiinoue腩198Q腪腃腀and腀Kobayashi腩1981腪腪

腀腀腀腀腀腀腀1腆Tsumaya腀Pf1腇2腆0sumi腀Pfl
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Fig腄20腀Distribution腀of腀remaining腀parts腀of腀the腀Ito腀pyro腼

腀腀腀腀腀腀腀clastic腀flow腀deposit腃腀after腀Aramaki腩1984腪

腀腀腀腀腀腀腀The腀star腀indicates腀the腀vent腀position腀estimated

腀腀腀腀腀腀腀from腀new腀data腀of腀the腀Kamewarizaka腀B腅type
腀腀腀腀腀腀腀breccia腄

Pfl腀basins腀and腀valleys腄

腀腀Ito腀Pfl腀consists腀of腀gray腼white腀coarsely腀vesicular腀pumice腀blocks腀up腀to腀l腀m腀across腃

subangular腀lithic腀fragments腀derived腀from腀the腀basement腃腀and腀finer腀particles腀of腀glass腀and

phenocrysts腄腀The腀deposit腀is腀homogeneous腀in腀color腀and腀grain腼size腀distribution腄腀Flow腀units

interfaces腀cannot腀be腀distinguished腀by腀visual腀inspection腄腀No腀systematic腀vertical腀or腀lateral

variations腀in腀chemical腀and腀mineral腀compositions腀of腀pumice腀are腀confirmed腄腀These腀fea腼

tures腀indicate腀that腀the腀main腀part腀of腀Ito腀Pfl腀consists腀of腀a腀single腀flow腀unit腩Aramaki腃1983腃

1984腪腄

腀腀The腀Kamewarizaka腀breccia腩Aramaki腃1969腪and腀the腀Aira腼Tn腀ash腀fall腩Machida腀and

Arai腃1976腪occurred腀simultaneously腀with腀Ito腀Pfl腄腀Description腀about腀these腀deposits腀is

followed腀after腀new腀data腄

Kamewari2aka腀breccia腩Km腪
腀腀The腀earliest腀phase腀of腀Ito腀Pfl腀eruption腀produced腀the腀Kamewarizaka腀breccia腩Km腪腄腀It腀is

distributed腀to腀the腀caldera腀rim腀and腀is腀full腀of腀basement腀fragments腩Aramaki腃1969腃1984腪腄

Aramaki腀and腀Ui腩1966b腪and腀Ota腀et腀al腄腩1967腪first腀described腀Km腀overlying腀Os腀P腀at

Kamewarizaka腀at腀the腀northeastern腀rim腀of腀the腀Aira腀Caldera腄腀Two腀different腀facies腀of腀Km腃

A腅type腩Km腼A腃腀in腀this腀paper腪and腀B腼type腩Km腅B腪facies腃腀were腀lithologically腀distinguished

by腀Aramaki腩1969腪腄腀A腅type腀deposit腀is腀interpreted腀as腀the腀product腀of腀a腀certain腀kind腀of腀a
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particle腀flow腃1ike腀a腀pyroclastic腀flow腀of腀gas腼solid腀mixture腃腀and腀B腼type腀as腀the腀product腀of

ashower腃腀probably腀a腀fallout腃腀of腀mixtures腀of腀lithic腀and腀pumice腀fragments腀directly

deposited腀on腀the腀ground腩Aramaki腃1984腪腄腀Another腀breccia腃腀Uenohai腀breccia腩Ue腪腃is腀found

in腀the腀uppermost腀part腀of腀Ito腀Pfl腄

Km腅A腀The腀distribution腀of腀Km腅A腀encloses腀the腀caldera腀rim腄腀Km腅A腀is腀overlain腀by腀Ito腀Pfl

and腀eroded腀underlying腀Tm腀Pf1腩Fig腄21腪腄腀The腀breccia腀is腀more腀than腀10腀m腀in腀maxim蝯

thickness腃腀and腀is腀composed腀primarily腀of腀poorly腅sorted腀subangular腀lithic腀fragments腀of腀up

to腀2腀m腀in腀maximum腀diameter腄腀The腀fragments腀have腀their腀origins腀in腀the腀sedimentary腀rock

of腀the腀Shimanto腀Supergroup腃腀andesite腃腀and腀Tm腀Pfl腄腀Away腀from腀the腀caldera腀rim腃腀the腀grain

size腀and腀thickness腀exponentially腀decrease腃腀and腀the腀ashy腀matrix腀increases腄腀These腀features

suggest腃腀as腀Aramaki腩1984腪concluded腃腀that腀Km腼A腀was腀emplaced腀by腀a腀pyroclastic腀flow

and腀is腀an腀extreme腀facies腀of腀basal腀concentration腀zone腀of腀Ito腀Pfl腄

Km腅B腀KmB腀is腀distributed腀to腀environs腀of腀Kamewarizaka腀on腀the腀northeastern腀rim腩Fig腄

22腪腄Km腅B腃1ess腀than腀20腀m腀in腀thickness腃腀is腀matrix腅free腀stratified腀angular腀gravel腃腀better

sorted腀than腀Km腅A腃腀and腀includes腀few腀particles腀less腀than腀l腀mm腀across腄腀Lithlc腀fragments腀are

more腀angular腀than腀those腀of腀Km腼A腃腀and腀their腀lithology腀is腀the腀same腀kind腀as腀Km腼A腄

腀腀Aramaki腩1984腪showed腀that腀Km腅B腀is腀covered腀with腀Km腼A腄腀But腀the腀author腦s腀work腀shows

that腀the腀distributions腀of腀Km腅A腀and腀Km腼B腀do腀not腀overlap腩Fig腄22腪腄腀Km腅A腀covers腀the

proximal腀flat腀plateau腀of腀basement腀where腀Ito腀Pfl腀could腀not腀emplace腩Figs腄22腀and腀23腪腄腀On

the腀other腀hand腃腀Km腅A腀occurs腀at腀the腀base腀of腀Ito腀Pfl腀filling腀depressions腀and腀valleys腀behind

the腀plateau腀covered腀with腀Km腼B腩Figs腄22腀and腀23腪腄腀Lenses腀of腀Ito腀Pfl腀are腀intercalated腀in腀the

upper腀half腀of腀KmB腀at腀the腀caldera腀rim腩Locs腄15腀and腀16腇Fig腄21腪腄腀Many腀angular腀lithic

fragments腃腀lithologically腀corresponded腀to腀Km腼B腃腀are腀scattered腀with腀Ito腀Pfl腀at腀southern

caldera腀rim腀of腀Kamewarizaka腩Loc腄17腃腀Fig腄21腪腄

腀腀These腀features腀indicate腀that腀Km腼A腀is腀the腀proximal腀facies腀of腀Ito腀Pfl腀and腀is腀laterally

continuous腀with腀the腀Ito腀Pfl腄腀Km腼B腀can腀be腀identified腀with腀a腀co腅ignimbrite腀lag腀fall腀deposit

腩Wright腀and腀Walker腃1977腪which腀fell腀down腀from腀column腀and腀was腀left腀behind腀in腀the

proximal腀area腀by腀a腀pyroclastic腀flow腄腀Aramaki腩1983腃1984腪suggests腀that腀Km腼B腀was

formed腀from腀a腀lithic腅1aden腀gas腀jet腀in腀the腀earliest腀phase腀of腀Ito腀Pfl腩Fig腄29腼2腪腄

腀腀Aramaki腩1984腪estimated腀from腀the腀variation腀of腀sizes腀of腀the腀largest腀clasts腀in腀Km腼A腀that

probably腀the腀vent腀position腀of腀the腀Ito腀eruption腀was腀located腀at腀the腀center腀of腀the腀Aira

Caldera腄腀But腃腀the腀ballistic腀and腀fall腀deposits腀of腀Km腼B腀provide腀better腀evidence腀to腀determine

the腀vent腀position腄腀The腀distribution腀of腀Km腅B腩Fig腄22腪indicates腀that腀the腀eruptive腀center

was腀in腀the腀north腀quarter腩the腀Wakamiko腀Caldera腪of腀the腀Aira腀Caldera腄

Ue腀The腀Ue腀is腀less腀than腀2腀m腀thick腃腀and腀is腀intercalated腀in腀the腀uppermost腀part腀of腀Ito腀Pfl腀at

Loc腄14腩Fig腄21腪3km腀north腀of腀Kamewarizaka腄腀Ue腀consists腀of腀the腀same腀kinds腀of腀lithics

as腀Km腀without腀unconsolidated腀sediments腄腀Lithic腀fragments腀are腀less腀than腀30腀cm腀across腃

and腀are腀armored腀with腀very腀fine腀pinkish腀white腀ash腀similar腀to腀the腀matrix腀of腀Ito腀Pfl腄腀Ue腀is

better腼sorted腀than腀Km腅B腃腀normally腀graded腃腀and腀sometimes腀contains腀accretionary腀lapilli腄

It腀covers腀the腀small腀area腀of腀northeast腀part腀of腀the腀caldera腀rim腩Fig腄22腪腄腀Ue腀is腀interpreted腃

based腀on腀these腀features腃腀as腀a腀fall腀or腀a腀ballistic腀deposit腀derived腀from腀water腼and腼lithic腀laden

lets腄腀A腀phreatic腀or腀phreatomagmatic腀explosion腀probably腀took腀place腀in腀the腀latest腀Ito腀Pfl

phase腀when腀discharge腀of腀magma腀weakened腩Fig腄29腅3腪腄
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AT腀The腀Aira腅Tn腀ash腀fall腀deposit腩AT腇Machida腀and腀Arai腃1976腪腃腀a腀fine腅grained腀counter腼

part腀of腀Ito腀Pfl腃腀covers腀a腀wide腀area腀of腀more腀than腀1腃000腀km腀from腀the腀Aira腀Caldera腩Fig腄24腪腃

and腀is腀one腀of腀the腀most腀useful腀marker腀tephra腀layers腀in腀the腀late腀Quaternary腀of腀Japan腄腀AT

is腀interpreted腀as腀a腀co腼ignimbrite腀ash腀fall腀deposit腀defined腀by腀Sparks腀and腀Walker腩1977腪腄

But腃腀the腀stratigraphical腀relationships腀between腀AT腀and腀Ito腀Pfl腀are腀not腀clear腀in腀southern

Kyushu腄腀The腀features腀and腀stratigraphy腀of腀AT腀of腀the腀proximal腀area腀in腀southern腀Kyushu

are腀described腀in腀this腀paper腄

腀In腀the腀central腀Miyazaki腀Plain腃腀where腀there腀is腀no腀Ito腀Pfl腃80腀km腀NNE腀of腀the腀Aira

Caldera腃腀the腀AT腀overlying腀Os腀P腀is腀subdivided腀into腀three腀units腇AT腀I腃腀AT腀II腃腀and腀AT腀III

in腀ascending腀order腩Fig腄16腪腃腀on腀the腀basis腀of腀grain腀sizes腀and腀grain腀shapes腄腀AT腀II腀and腀AT

III腀directly腀overlie腀Ito腀Pfl腀in腀the腀area腀where腀Ito腀Pfl腀is腀distributed腩Fig腄16腪腄腀In腀the腀most

proximal腀area腃腀on腀the腀northeastern腀rim腀of腀the腀Aira腀Caldera腃腀AT腀II腀includs腀lithic腼rich

腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀譩腀鎮
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Shaded腀area腀shows腀the腀distribution腀of腀the腀Ito腀pyroclastic腀flow腀deposit腄
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layer腃腀Uenodan腀breccia腩U苌腃腀which腀overlays腀Ue腄

AT腀I腀In腀the腀central腀Miyazaki腀Plain腃腀AT腀I腃腀about腀10腀cm腀thick腃腀is腀yellowish腀brown腀and

well腅sorted腀vitric腀ash腄腀The腀ash腀is腀finer腅grained腀than腀AT腀II腃腀and腀contains腀more腀glass

shards腀of腀pumice腀type腀than腀bubble腅walled腀type腄腀Cross腼bedding腀is腀sometimes腀displayed腀in

the腀marginal腀areas腀of腀Ito腀Pfl腃腀the腀central腀Miyazaki腀Plain腃腀and腀the腀southern腀Osumi

Peninsula腄

腀AT腀I腀is腀distributed腀among腀the腀region腀NE腀to腀SE腀out腀of腀Ito腀Pfl腩Fig腄25腪腄腀AT腀I腀cannot腀be

found腀in腀the腀area腀covered腀with腀Ito腀Pfl腄腀Probably腃腀AT腀I腀laterally腀changes腀into腀Ito腀Pfl腩Fig腄

16腪腄
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腀腀腀腀腀腀1腆AT腀I腀ash腀fal1腇2腆AT腀I腀pyroclastic腩ash腼cloud腪surge腇3腆Ito腀pyro腼

腀腀腀腀腀腀clastic腀flow
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腀腀These腀features腀suggest腀that腀AT腀I腀was腀formed腀as腀an腀ash腅cloud腀surge腩Fig腄29腅3腪from腀the

upper腀part腀of腀Ito腀Pfl腀and腀the腀more腀distal腀part腀of腀AT腀I腀is腀co腅ignimbrite腀ash腃腀the

wind腼blown腀lateral腀equivalent腀of腀ash腼cloud腀surge腄

AT腀II腀AT腀II腀is腀20腅40腀cm腀thick腃腀and腀is腀yellowish腅brown腃腀well腅sorted腀medi蝯裪grained腃腀and

locally腀stratified腀vitric腀ash腀that腀includes腀small腀pumice腀grains腀less腀than腀l腀cm腀across腀in腀the

lower腀part腀in腀the腀central腀Miyazaki腀Plain腄腀The腀ash腀contains腀more腀bubble腼walled腀type腀glass

shards腀than腀pumice腀type腀shards腄

腀腀AT腀II腀is腀Coarse腀vitric腀ash腀of腀50腼180腀cm腀in腀thickness腃腀and腀is腀more腀poorly腼sorted腀and

richer腀in腀pumice腀in腀the腀area腀covered腀with腀Ito腀Pfl腀than腀in腀the腀area腀free腀from腀Ito腀Pfl腄腀The

yellow腀pumice腀fragments腀have腀a腀maximum腀diameter腀of腀up腀to腀5腀cm腀in腀the腀most腀proximal

area腀near腀caldera腀rim腃腀and腀vesiculation腀is腀well腀developed腄腀Sometimes腃腀accretionary腀lapilli

of腀O腄5腀to腀1腄5腀cm腀across腀are腀found腀in腀the腀matrix腀of腀ash腄腀These腀facies腀indicate腀that腀AT腀II
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腀腀腀腀腀腀Symbols腀as腀Fig腄24腄
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was腀emplaced腀by腀fallout腀mixing腀magmatic腀materials腀of腀various腀sizes腀in腀the腀proximal

area腩Fig腄29腼4腪腄

腀腀The腀upper腀surface腀of腀Ito腀Pfl腀around腀the腀Aira腀Caldera腀is腀cut腀by腀steep腼sided腀gullies腀which

are腀several腀tens腀centimeters腀deep腩Locs腄11腃13腃110腀and腀I11腇Fig腄21腪腄腀The腀gullies腀are

infilled腀with腀AT腀II腄腀This腀erosion腀probably腀resulted腀from腀the腀run腼off腀of腀rain腀shower腀before

Fig腄27 Dispersal腀map腀of腀the腀Uenodan腀breccia
Th腆Thickness腩in腀cm腪腇ML腆Maximum腀lithic腀size腩in腀cm腪
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or腀simultaneous腀with腀the腀fall腀of腀the腀AT腀II腀ash腄

腀AT腀II腀is腀widely腀distributed腀in腀the腀western腀half腀of腀Japan腩Fig腄26腪腄腀The腀orientation腀of

major腀dispersal腀axis腀is腀E腀to腀ESE腃腀with腀minor腀axis腀of腀NE腀and腀SSE腀orientations腩Fig腄26腪腄

Ud腀A腀lithic腼rich腀layer腃腀Uenodan腀breccia腩Ud腪腃腀is腀intercalated腀in腀AT腀II腀and腀exhibits

low腅angle腀cross腅bedding腀at腀Uenodan腀and腀its腀environs腀on腀the腀northeastern腀rim腩Locs腄11

腠17and腀I9腇Fig腄21腪腄腀Ud腀is腀less腀than腀150腀cm腀thick腀and腀consists腀of腀angular腀lithic腀fragments腃

35cm腀in腀maximum腀diameter腃腀mainly腀derived腀from腀shale腀and腀sandstone腀of腀the腀Shimanto

Supergroup腄腀The腀breccia腀is腀moderately腀sorted腀and腀occurs腀in腀matrix腀of腀the腀same腀yellowish

brown腀vitric腀ash腀as腀AT腀II腄腀Locally腃腀when腀the腀deposit腀is腀lacking腀in腀matrix腃腀lithic腀fragments

are腀armored腀with腀fine腀vitric腀ash腄腀There腀are腀block腅sag腀structures腇Ud腀depresses腀the腀lower

part腀ofAT腀II腀at腀Loc腄15腀in腀Fig腄21腄
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腀Ud腀is腀scattered腀like腀a腀handprint腀within腀5腼6腀km腀radius腀of腀the腀northeastern腀rim腀of腀the

Aira腀Caldera腩Fig腄27腀above腆Th腪腄腀The腀vent腀position腀is腀estimated腀from腀the腀variation腀of

maxmum腀lithic腀size腩Fig腄27腀below腆ML腪to腀be腀in腀the腀northeastern腀part腩the腀Wakamiko

Caldera腪in腀the腀Aira腀Caldera腄
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Fig腄29腀Cartoons腀showing腀the腀Ito腀pyroclastic腀flow腀phase
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腀腀These腀features腀indicate腀that腀Ud腀was腀ballistically腀transported腀through腀the腀AT腀II腀shower

by腀lithic腼and腼water腀laden腀jets腄腀Phreatic腀explosions腀probably腀occurred腀in腀the腀last腀time腀of

the腀Ito腀phase腃腀when腀the腀discharge腀of腀magma腀ended腀and腀a腀large腀amount腀of腀sea腀or腀lake

water腀entered腀into腀the腀sti11腼hot腀vent腩Fig腄29腅4腪腄

AT腀III腀AT腀III腃30腀cm腀thick腃腀is腀the腀fine腅grained腀and腀best腅sorted腀ash腀layer腀in腀the腀three腀units

of腀AT腃腀and腀is腀abundant腀in腀glass腀shards腀of腀bubble腅wall腀type腄腀The腀ash腀is腀dispersed腀eastward

腩Fig腄28腪腄腀Finer腀grains腀rose腀to腀the腀uppermost腀part腀of腀column腀penetrating腀troposphere腃

forming腀AT腀III腩Fig腄29腼5腪腄
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Fig腄30腀Variations腀in腀thickness腀and腀maximum腀grain腀sizes腀of腀co腼
腀腀腀腀腀腀腀ignimbrite腀ash腀falls腀and腀some腀Plinian腀pumice腀fall腀deposits

腀腀腀腀腀腀腀in腀southern腀Kyushu腀with腀distance

腀腀腀腀腀腀腀AT腃腀Ah腃腀and腀Os腀P腀adapted腀from腀Machida腀and腀Arai腩1976腃

腀腀腀腀腀腀腀1978腪腃and腀Kobayashi腀et腀al腄腩1983腪腄腀A腀solid腀line腆Co腼

腀腀腀腀腀腀腀ignimbrite腀ash腀fall腇abroken腀line腆Pumice腀fal1腇adotted
腀腀腀腀腀腀腀line腆Maximum腀sizes腀of腀pumice腀or腀accretionary腀lapilli
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腀腀Figure腀18b腀shows腀that腀the腀eruptive腀column腀of腀AT腩AT腀II腪are腀as腀high腀as腀that腀of腀Os腃P腄

The腀grain腀size腀and腀thickness腀of腀AT腀II腀and腀III腀decrease腀with腀distance腀less腀than腀the腀plinian

pumice腀falls腩Fig腄30腪腄腀But腃腀within腀100腀km腃腀they腀decrease腀much腀more腀rapidly腀than腀the

region腀far腀from腀100腀km腄腀In腀the腀proximal腀part腃腀the腀AT腀II腀and腀III腀may腀fall腀as腀accretionary

lapilli腀with腀rain腀drops腩Fisher腀and腀Schmincke腃1984腪腄腀The腀distal腀part腀of腀AT腀II腀and腀III腀may

have腀fallen腀as腀porous腀clusters腀like腀snowflakes腀by腀mechanical腀interlocking腀and腀electoric

attraction腩Sorem腃1982腪腄

4腄Late腀Q蹍aternary腀Volcanism腀of腀the腀Ata腀Caldera

Geomorphology
腀腀The腀Ata腀Caldera腩Matumoto腃1943腪is腀15腀km腾20腀km腀wide腀at腀the腀mouth腀of腀Kagoshima

Bay腩Figs腄1and腀31腪腄腀The腀bottom腀is腀100腀m腀below腀sea腀level腄腀The腀western腀wall腀is腀200腀m腀high

腀腀
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Fig腄31腀Geomorphological腀map腀of腀the腀Ata腀Caldera
腀腀腀腀腀腀腀1腆Alluvial腀plain腀and腀fan腇2腆Crater腇3腆Conical腀volcano腇4腆Lava腀dome腇5腆Lava

腀腀腀腀腀腀腀flow腇6腆Caldera腀wa11腇7腆Cliff腩including腀fault腀scarps腪腇8腆Pyroclastic腀surge
腀腀腀腀腀腀腀deposit腀surface腇9腆Ikeda腀pyroclastic腀flow腀surface腇10腆Ito腀pyroclastic腀flow腀sur腅

腀腀腀腀腀腀腀face腇11腆Tashiro腀pyroclastic腀flow腀surface腇12腆Ata腀pyroclastic腀flow腀surface腇13腆

腀腀腀腀腀腀腀Mountain腀and腀hi11腇14腆Landslide
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and腀the腀eastern腀wall腀is腀900腀m腀high腄腀The腀northern腀and腀southern腀walls腀are腀probably

submerged腀beneath腀the腀sea腀or腀eroded腀away腩Fig腄31腪腄

腀腀The腀western腀half腀of腀the腀caldera腀is腀buried腀with腀a腀large腀amount腀of腀ejecta腀of腀post腅caldera

volcanoes腇stratovolcanoes腀of腀Ibusuki腃腀Karayama腀and腀Kaimon腅dake腃腀lava腀domes腀of

Washio腼dake腃腀Takeyama腃腀Nabeshima腼dake腃腀and腀maars腀of腀Ikezoko腃腀Namazuike腃腀Naru腼

kawa腃腀Yamakawa腃腀and腀Kagamiike腃腀a腀parastic腀stratovolcano腀of腀Ono腼dake腄腀The腀Ikeda

Caldera腃3km腾4km腀wide腃腀is腀located腀in腀the腀center腀of腀this腀volcanic腀area腄

腀腀In腀central腀Kagoshima腀Bay腃腀there腀is腀a腀caldera腅like腀depression腀14腀km腾19腀km腀wide腀and

200mbelow腀sea腀level腀in腀contact腀with腀north腀of腀the腀Ata腀Caldera腩Hayasaka腃1983腃1987腇
Fig腄1腪腄

011tline腀of腀volcanism

腀腀There腀is腀little腀knowledge腀about腀when腀the腀explosive腀silicic腀volcanism腀started腀in腀south腅

ern腀Kagoshima腀Bay腄腀The腀Torihama腀pyroclastic腀flow腀deposit腩Ui腃1971腪is腀one腀of腀the腀oldest

tephra腀layers腩Figs腄32腀and腀33腪in腀this腀region腄腀Its腀age腀is腀determined腀to腀range腀from腀O腄17腀Ma

to腀O腄10腀Ma腩Fukuoka腃1974腇Sawada腀et腀al腄腃1984腪腄

Several腀plinian腼eruption腀cycles腃腀including腀the腀Marumine腩Sakaguchi腀and腀Ui腃1979腪

cycle腃腀occurred腀intermittently腀for腀104腀years腀after腀the腀Torihama腀cycle腄腀These腀events腀were

followed腀by腀the腀Ata腀cycle腀of腀90腼80腀ka腀that腀generated腀a腀cataclysmic腀large腼scale腀pyroclas腼

tic腀flow腀which腀covered腀a腀wider腀area腀of腀southern腀Kyushu腀than腀Ito腀Pfl腩Aramaki腀and腀Ui腃

1966a腇Machida腀et腀al腄腃1983腇Nagaoka腃1984腪腄

腀腀After腀the腀Ata腀eruption腃腀the腀Imaizumi腀pyroclastic腀flow腩Ui腃1967腪腩Im腀Pfl腪formed腀in腀the

northern腀part腀of腀the腀caldera腀and腀the腀Tashiro腀pyroclastic腀flow腩Sakaguchi腀and腀Ui腃1983腪

腩Ts腀Pfl腪in腀the腀northeastern腀quarter腀of腀the腀caldera腄腀Because腀they腀underlay腀the腀roughly腀75

ka腀old腀Kikai腼Tozurahara腀ash腆K腅Tz腩Machida腀and腀Arai腃1983a腇see腀Fig腄32腀and腀Locs腄腀B3

and腀B5腀in腀Fig腄34腪腃腀their腀ages腀are腀estimated腀to腀be腀about腀80腀ka腄腀They腀cover腀small腀area

along腀southern腀Kagoshima腀Bay腩Fig腄36腪腄

腀腀The腀period腀ranging腀from腀70腀ka腀to腀40腅30腀ka腀was腀quiet腄腀The腀evidence腀for腀quiescence腀is

the腀strongly腀eroded腀tops腀of腀the腀non腼welded腀part腀of腀the腀Ata腀and腀Tashiro腀pyroclastic腀flow

deposits腀that腀produced腀a腀high腅angle腀unconformity腀under腀Os腀P腃腀Ito腀Pfl腀and腀the腀Karayama

scoria腀fall腀deposit腩Kr腀S腪腄

腀腀Kr腀S腀was腀first腀called腀the腀Karayama腀volcanic腀ash腀by腀Nakamura腩1980腪腄腀Kr腀S腀erupted

about腀25腀ka腀from腀Karayama腀Stratovolcano腀which腀is腀one腀of腀the腀oldest腀of腀the腀post腼caldera

cones腩Nakamura腃1980腪腃腀and腀covers腀the腀southern腀Osumi腀Peninsula腄

腀腀After腀the腀construction腀of腀Karayama腀and腀Ibusuki腀stratovolcanoes腃腀several腀lava腀domes

and腀lava腀flows腃腀including腀Take腅yama腀Kiyomi腅dake腀and腀Washio腅dake腃腀were腀formed腄腀This

andesitic腀volcanism腀ceased腀before腀the腀Aira腀eruption腀of腀22腼21腀ka腩Naruo腀and腀Kobayashi腃

1983腪腄

腀腀Amoderate腅scale腀rhyolitic腀eruptive腀cycle腃腀the腀Ikeda腀cycle腃腀occurred腀about腀5腀ka腀in腀the

center腀of腀the腀post腼caldera腀volcanoes腃腀and腀formed腀the腀Ikeda腀Caldera腄腀The腀cycle腀was

composed腀of腀the腀Ikezoko腀phreatomagmatic腀phase腩an腀ash腀fall腀and腀projectile腪腃腀the腀Osagari

scoria腀fall腀phase腃腀the腀Ikeda腀pumice腀fall腀phase腃腀the腀Ikeda腀pyroclastic腀flow腀phase腃腀and腀a

pyroclastic腀surge腀phase腩Ui腃1967腇Naruo腀and腀Kobayashi腃1983腃1984腪腄腀The腀pyroclastic
flow腀and腀surge腀deposits腃2腅3腀km3腀in腀volume腃腀covered腀the腀western腀half腀of腀the腀Ata腀Caldera腄
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Fig腄34腀Representive腀columnar腀sections腀for腀the腀late腀quaternary腀tephra腀layers腀around腀the

腀腀腀腀腀腀腀Ata腀and腀Kikai腀Calderas

腀腀腀腀腀腀腀3rd腀terrace腀by腀Nakata腩1968腪腃腀MI腀terrace腀by腀Machida腩1969腪腄腀Symbols腀as腀Fig腄7腄

Small腅scale腀phreatomagmatic腀eruptions腀followed腀the腀Ikeda腀eruption腀just腀east腀of腀the

Ikeda腀Caldera腃腀and腀produced腀four腀maars腇the腀Ikezoko腃腀Namazuike腃腀Narukawa腃腀and

Yamakawa腃腀southeast腀from腀the腀caldera腩Naruo腀and腀Kobayashi腃1983腪腄

腀腀Kaimon腀Stratovolcano腀started腀to腀be腀constructed腀at腀the腀south腀of腀the腀Ikeda腀Caldera

about腀4腀ka腃腀and腀erupted腀many腀lava腀flow腀sheets腃腀scoria腀and腀ash腀fall腀layers腩Nakamura腃

1967腃1971腪腄Then腄腃腀after腀the腀southern腀half腀of腀the腀high腀stratovolcano腀collapsed腀by腀a

phreatic腀explosion腃腀a腀lava腀dome腀formed腀in腀the腀crater腀at腀the腀peak腀of腀the腀last腀stage

腩Nakamura腃1971腪腄腀The腀activity腀has腀been腀quiet腀in腀the腀last腀l腀ka腩Nakamura腃1967腃1971腪腄
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Tephra腀layers腀older腀than腀the腀Ata腀eruptive腀cycle

腀腀In腀this腀and腀next腀sections腃腀the腀Torihama腀and腀Ata腀pyroclastic腀flow腀deposits腀and腀their

related腀fall腀deposits腩Fig腄33腪are腀described腀in腀detail腄腀Because腀most腀of腀these腀tephra腀layers

were腀formed腀about腀150腼80腀ka腃腀some腀of腀them腀are腀useful腀to腀correlated腀late腀Pleistocene

marine腀terraces腀in腀southern腀Kyushu腩Machida腀et腀al腄腃1983腪腃

Tori腦见腖z莿1腪u腖zice腀fall腀de荶腴osit腩Tr腀P腪and腀Toriha腖z莿Pyroclastic腞Zoz腖腀del腪os顉腩Tr腀Pf1腪

腀腀The腀Torihama腀cyle腃腀consists腀of腀a腀plinian腀pumice腀fall腀and腀a腀following腀pyroclastic腀flow腄

They腀uncomformably腀cover腀the腀Onejime腀formation腩Kuwano腀et腀al腄腃1959腪腃腀near腀the腀coast

at腀Onejime腀and腀Nejime腀in腀southern腀region腀of腀the腀Osumi腀Peninsula腄腀Phenocrysts腀in腀pumice

fragments腀contain腀abundant腀quartz腀and腀hornblende腀crystals腀which腀are腀used腀as腀a腀key腀for

the腀identification腀of腀the腀units腀among腀other腀tephra腀layers腀from腀the腀Ata腀Caldera腄腀However腃

the腀assemblage腀of腀phenocrysts腀is腀similar腀to腀that腀of腀tephra腀from腀the腀Ikeda腀eruption腩Fig腄
50腪腄
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Fig腄35腀Dispersal腀map腀of腀the腀Torihama腀pumice腀fall腀deposit
腀腀腀腀腀腀腀Symbols腀as腀Fig腄8腄
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Tr腀P腀Tr腀P腀was腀first腀described腀by腀Sakaguchi腀and腀Ui腩1979腪腄腀At腀Onejime腩Loc腄腀B6腃腀Fig腄34腇

Loc腄腀R7腃腀Fig腄37腪along腀the腀southwestern腀coast腀of腀the腀Osumi腀Peninsula腃腀Tr腀P腀is腀370腀cm

thick腃腀and腀has腀five腀fall腀units腄腀The腀third腀unit腀from腀the腀bottom腀with腀300腀cm腀of腀thickness

is腀the腀thickest腃腀and腀includes腀coarse腅grained腀pumice腀fragments腀more腀than腀6腀cm腀across腄

The腀pumice腀is腀white腀and腀moderately腀vesicular腄腀There腀are腀few腀lithic腀fragments腄

腀腀The腀deposit腀covers腀the腀whole腀of腀the腀Osumi腀Peninsula腩Fig腄35腪腄腀The腀orientation腀of腀the

dispersal腀axis腀is腀due腀north腄腀The腀vent腀was腀located腀in腀the腀northwestern腀half腀of腀the腀Aira

Caldera腃腀estimated腀from腀the腀isopleth腀of腀maximum腀pumice腀size腩Fig腄35腪腄腀The腀volume腀is

about腀5腀km3腄

Tr腀Pfl腀Tr腀Pfl腀was腀first腀described腀by腀Ui腩1971腪around腀Onejime腀in腀the腀southern腀Osumi

Peninsula腃腀and腀was腀afterward腀found腀under腀the腀Nan腼satsu腀Upland腀in腀the腀southern腀end腀of

4腂

豸KI醽詐

腀腀腀腅v腀腫f腃

腀4o0m
trshir 荒腀荮腀貜膓

r裼3

膡4
Fig腄36腀Distribution腀of腀remaining腀parts腀of腀the腀Torihama腀Ima腼
腀腀腀腀腀腀腀izumi腃腀Tashiro腀and腀Ikeda腀pyroclastic腀flow腀deposits腃

腀腀腀腀腀腀腀adapted腀from腀Ui腩1967腪腃腀Terashima腀et腀al腄腩1979腪腃腀and

腀腀腀腀腀腀腀Sakaguchi腀and腀Ui腩1983腪腄

腀腀腀腀腀腀腀1腆Ikeda腀Pfl腇2腆Imaizumi腀Pfl腇3腆Tashiro腀Pfl腇4腆Tori腼

腀腀腀腀腀腀hama腀Pf1
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the腀Satsuma腀Peninsula腀by腀Terashima腀et腀al腄腩1979腪腄腀Tr腀Pfl腀corresponds腀to腀the腀Ukitsu

pyroclastic腀flow腀deposit腀described腀by腀Aramaki腩1977腪in腀the腀northern腀Osumi腀Peninsula腄

腀腀The腀most腀part腀of腀Tr腀Pfl腀is腀exposed腀in腀the腀southern腀parts腀of腀the腀Satsuma腀and腀Osumi

Peninsulas腩Fig腄36腪腃腀and腀a腀thinner腀layer腀reaches腀Kogashira腀in腀Kagoshima腀City腃腀Ukitsu腀in

Tarumizu腀City腀and腀Umegaya腀in腀Kokubu腀City腀around腀the腀Aira腀Caldera腩Fig腃36腪腄

腀腀At腀the腀foot腀of腀cliff腩Loc腄腀B6腃腀Fig腄34腪behind腀Nejime腀town腀in腀the腀southern腀Osumi

Peninsula腃腀non腼welded腀Tr腀Pfl腀is腀less腀than腀5腀m腀thick腃腀composed腀of腀a腀mixture腀of腀white

pumice腀and腀vitric腀ash腄腀Pumice腀fragments腀are腀less腀than腀10腀cm腀across腀and腀are腀moderately

vesicular腄腀Tr腀Pf1腃腀more腀than腀10腀m腀thick腃腀includes腀many腀unsorted腀lithic腀fragments腃腀more

than腀150腀cm腀across腀in腀maximum腀diameter腃腀at腀Matsugasaki腩Loc腄腀R7腃腀Fig腄37腪腃腀south腀of

Onejime腄

腀腀Tr腀Pfl腀is腀more腀than腀60腀m腀thick腀under腀the腀Nan腼satsu腀Upland腀in腀the腀Satsuma腀Peninsula

腩Terashima腀et腀al腄腃1979腪腄腀The腀deposit腃腀at腀the腀sea腀cliff腀of腀Yagoshi腀south腀of腀the腀upland腩Loc腄

B4腃腀Fig腄34腇Locs腄腀R1腠R4腃腀Fig腄37腪腃腀contains腀a腀large腀amount腀of腀coarser腅grained腀pumice腃

more腀than腀50腀cm腀across腄腀The腀age腀of腀Tr腀Pfl腀is腀determined腀to腀be腀145腃000腽27腃000腀y腄B腄P腄腀by

ionium腀dating腩Fukuoka腃1974腪and腀110腃000腽20腃000腀y腄B腄P腄腀by腀E腄S腄R腄腀dating腩Sawada腀et腀al腄腃

1984腪腄
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The腀Pumice腀fall腀dePositS腀covering腀Tr腀P腀and腀Tr腅鉀

腀腀Tr腀P腀and腀Tr腀Pfl腀are腀overlain腀by腀several腀pumice腀fall腀deposits腃腀more腀than腀15腀m腀in腀total

thickness腀at腀Onejime腩Loc腄腀B6腃腀Fig腄34腇Locs腄腀R5腠R8腃腀Fig腄37腪腄腀The腀tephra腀formations

consist腀of腀five腀pumice腀fall腀layers腀interbedded腀with腀soil腄腀Three腀pumice腀fall腀layers腀are

conspicuously腀thicker腀than腀other腀two腃腀and腀are腀called腀Kaminouto腃腀Shioya腃腀and腀Marumine

pumice腀fall腀deposits腀in腀ascending腀order腩Fig腄33腪腄腀Shioya腃腀Kaminouto腀and腀other腀thin

pumice腀layers腀are腀not腀found腀outside腀of腀the腀Onejime腀region腄

腀腀The腀Marumine腀pumice腀fall腀deposit腩Mr腀P腇Sakaguchi腀and腀Ui腃1979腪is腀the腀most
widespread腀and腀the腀thickest腀of腀the腀five腀pumice腀falls腃腀It腀has腀a腀maximum腀thickness腀of腀more

than腀750腀cm腀at腀Nejime腩Loc腄腀R8腃腀Fig腄37腪腃腀and腀consists腀of腀poorly腀vesiculated腀yellowish

white腀pumice腄腀The腀lower腀part腀of腀Mr腀P腀is腀rich腀in腀lithic腀fragments腄腀Mr腀P腀covers腀the

southern腀Osumi腀Peninsula腩Fig腄36腪腄腀The腀volume腀on腀land腀is腀more腀than腀2腀km3腄腀The腀vent

position腀is腀estimated腀from腀the腀isopach腀map腀to腀be腀in腀the腀northern腀half腀of腀the腀Ata腀Caldera

腩Fig腄38腪腄

腀腀At腀Yagoshi腩Loc腄腀B4腃腀Fig腄34腇Loc腄腀R1腠R4腃腀Fig腄37腪腃腀two腀thin腀pyroclastic腀flow腀sheets

and腀one腀pumice腀fall腀deposit腩the腀Goryou腀pyroclastic腀flow腀deposit腃腀the腀Umawatari
pyroclastic腀flow腀deposit腃腀and腀the腀Yagoshi腀pumice腀fall腀deposit腀in腀ascending腀order腪are

intercalated腀in腀the腀weathered腀tephra腀layers腀more腀than腀5腀m腀thick腀that腀overlying腀Tr腀Pf1腄

The腀stratigraphical腀relationship腀between腀these腀tephra腀layers腀and腀the腀pumice腀falls腀includ腼

ing腀Marumine腀on腀the腀Osumi腼Peninsula腀is腀uncertain腄

腀腀腀130膋20苉
St膓O腦N腵

Marumine
Th腯cm腪

31腂o莿NL
腀腀腀130020腦E

Fig腄38

襱腂

腟

131膋2菐E
腼131030腦N

00诮20

100

700 腀腀腀腀腀腀腀腀腀腀20km

Isopach腀map腀of腀the腀Marumine腀pumice腀fall腀deposit腩in腀cm腪

Symbols腀as腀Fig腄8腄

腶er膋00腦N

131膋2菐E

Tephra腀layers腀in腀the腀Ata腀eruptive腀cycle

腀腀The腀Ata腀pyroclastic腀flow腀deposit腩Aramaki腀and腀Ui腃1966a腇Ata腀lava腃腀Matumoto腃1943腪

is腀one腀of腀the腀largest腀Quaternary腀pyroclastic腀flow腀deposits腀in腀Japan腄腀The腀volume腀of

erupted腀magma腀was腀originally腀estimated腀to腀be腀30腼50腀km3腀from腀the腀distribution腀around

Kagoshima腀Bay腩Aramaki腀and腀Ui腃1966a腪腃腀but腀new腀estimates腀are腀that腀the腀total腀volume

exceeds腀100腀km3腂腀Miyachi腩1987腪calculated腀146腀km3腄腀The腀estimates腀are腀based腀on腀new
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data腀which腀shows腀that腀the腀Ata腀pyroclastic腀flow腀deposit腀is腀much腀more腀extensive腀than

originally腀thought腃腀and腀reaches腀Hitoyoshi腀Basin腃腀the腀Miyazaki腀Plain腀and腀Tane腀Island

more腀than腀100腀km腀away腀from腀the腀Ata腀Caldera腩Machida腀et腀al腄1983腇Watanabe腃1985腇

Nagaoka腃1984腪腄腀The腀Ata腀pyroclastic腀flow腀deposit腀is腀85腅80腀ka腀old腩Machida腀et腀al腄腃1983腪腄

腀腀In腀Onejime腀of腀the腀southern腀Osumi腀Peninsula腃腀the腀type腀region腃腀the腀Ata腀pyroclastic腀flow

deposit腀is腀described腀by腀Gohara腀and腀Komori腩1962腪腃腀Taneda腀and腀Irisa腩1966腪腃腀and腀Ota腀et腀al腄

腩1967腪腄Ui腩1971腪subdivided腀the腀deposit腀into腀six腀members腃腀including腀three腀pyroclastic腀flow

deposits腀and腀three腀airfall腀tephra腀layers腄腀Suzuki腩1988腪腃腀and腀Suzuki腀and腀Ui腩1981腃1982腃

1988腪discussed腀the腀modes腀of腀transport腀and腀emplacement腀of腀the腀Ata腀pyroclastic腀flow腄

腀腀The腀latest腀data腀show腀that腀the腀Ata腀cycle腀was腀complex腀one腀consisting腀of腀several腀plinian

and腀phreatomagmatic腀or腀phreatoplinian腀phases腀alternated腀with腀each腀other腀just腀before腀the

cataclysmic腀pyroclastic腀flow腀phase腄腀Tephra腀layers腀in腀the腀cycle腀can腀be腀lithologically

subdivided腀into腀eight腀members腩Figs腄33腃39a腃腀b腀and腀c腪腄腀The腀mineral腀assemblages腀of腀the

essential腀material腀in腀each腀member腀are腀similar腃腀containing腀feldspar腃腀clinopyroxene腃

orthopyroxene腃腀magnetite腃腀and腀small腀amount腀of腀hornblende腩Fig腄50腪腄

腀腀4

9

Rg腄39b

腀腀辝

Fig腄390
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腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腅腅9蝣苘腦t腅腀腀腀腀腀腀腀腀L腼裪裪L腼裪裪腶
腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀菑dshiro

Fig腄39a腀Geological腀map腀of腀the腀Onejime腀region
腀腀腀腀腀腀腀腀1腆Alluvium腇2腆Deposit腀of腀sand腀ridges腇3腆Tallus腀and腀alluvium腀fan腀deposits腇

腀腀腀腀腀腀腀腀4腆Tephra腀layers腀younger腀than腀the腀Tashiro腀pyroclastic腀flow腀deposit腇5腆Ito
腀腀腀腀腀腀腀腀pyroclastic腀flow腀deposit腇6腆Tashiro腀pyroclastic腀flow腩welded腪腇7腆Tashiro
腀腀腀腀腀腀腀腀pyroclastic腀flow腀deposit腩non腅welded腪腇8腆Ata腀pyroclastic腀flow腀deposit腀upper腇

腀腀腀腀腀腀腀腀9腆Ata腀pyroclastic腀flow腀deposit腀middle膕10wer腃腀and腀Ouchiyama腅toge腀pyro腅
腀腀腀腀腀腀腀腀clastic腀surge腀deposit腇10腆Sata腀and腀Ata腀pumice腀fall腀deposits腃腀Izashiki腀and腀Kori

腀腀腀腀腀腀腀腀ash腀fall腀deposits腃11腆Marumine腀and腀other腀pumice腀fall腀deposits腇12腆Torihama

腀腀腀腀腀腀腀腀pyroclasic腀flow腀and腀pumice腀fall腀deposits腃腀and腀Onejime腀sand膕gravel腇13腆
腀腀腀腀腀腀腀腀Early腀Quaternary腀andesitic腀lava腇14腆Granite腇15腆Shimanto腀supergroup
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Geological腀map腀of腀Izashiki腀region

Symbols腀as腀Fig腄39a腄

2km

Kori腀ash荭諏1腀dePosit腩Ko腀A腪

腀Ko腀A腀is腀750腀cm腀thick腀at腀Kori腩Loc腄腀T3腃腀Fig腄40腪in腀the腀southern腀end腀of腀the腀Osumi

Peninsula腄腀The腀ash腀consists腀of腀eight腀fall腀units腀which腀are腀normally腀graded腄腀Each腀unit腀is

composed腀of腀a腀matrix腀of腀fine腅grained腀pumice腅type腀glass腀shards腀and腀spherical腀accretion腼

ary腀lapilli腄腀The腀accretionary腀lapilli腃腀up腀to腀1腄5腀cm腀in腀maximum腀diameter腃腀have腀several腀thin

concentric腀layers腀surrounding腀cores腀such腀as腀small腀pumice腀grains腄

腀Ko腀A腀is腀dispersed腀in腀the腀southern腀end腀of腀the腀Osumi腀Peninsula腄腀The腀vent腀position腀is

unknown腄
腀The腀accretionary腀lapilli腀and腀the腀fine腅grained腀facies腀of腀Kori腀A腀suggest腀that腀it腀was

formed腀from腀a腀violent腀silicic腀phreatomagmatic腀phase腃腀probably腀a腀phreatoplinian腀eruption

腩Self腀and腀Sparks腃1978腪腃腀that腀resulted腀from腀the腀explosive腀mixing腀of腀vesiculating腀magma

with腀sea腀water腀in腀the腀vent腄
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Fig腄39c腀Geological腀cross腀sections
腀腀腀腀腀腀腀腀Positions腀are腀in腀Figs腄39a腀and腀b腄

荭4詎Pumice腀fall腀dePosit腩Ata腀P腪

腀腀Ata腀P腀was腀formed腀in腀the腀earliest腀plinian腀eruptive腀phase腃腀and腀corresponds腀to腀the腀Ata

pumice腀fall腩Aramaki腀and腀Ui腃1966b腪and腀the腀Ata腀I腀air腅fall腀pumice腩Ui腃1971腪腄腀The

boundary腀between腀Ko腀A腀and腀Ata腀P腀is腀commonly腀a腀small腅scale腀high腅angle腀unconformity

formed腀by腀erosion腄腀Since腀no腀humic腀soil腀or腀water腼laid腀sediments腀are腀found腀on腀the

unconformity腃腀the腀time腀interval腀between腀Ko腀A腀and腀Ata腀P腀was腀geologically腀very腀short腄

腀腀In腀Onejime腩Loc腄腀T8腃腀Fig腄40腪腃腀Ata腀P腀is腀more腀than腀8腀m腀thick腀and腀has腀more腀than腀eighteen

fall腀units腄腀The腀deposit腀includes腀moderately腀vesicular腀pumice腀fragments腀of腀8腀cm腀in

maximum腀diameter腄腀Scoria腀is腀found腀in腀the腀lower腀part腄

腀腀Ata腀P腀covers腀the腀southern腀region腀of腀the腀Osumi腀Peninsula腩Fig腄41腪腄腀The腀orientation腀of

the腀disper膘al腀axis腀ranges腀from腀E腀to腀ESE腄腀The腀vent腀position腀is腀estimated腀from腀the腀isopleth

map腀of腀maximum腀pumice腀size腩Fig腄41腪to腀be腀in腀the腀northern腀end腀of腀the腀Ata腀Caldera腀near

the腀position腀inferred腀by腀Aramaki腀and腀Ui腩1966a腪腄腀The腀volume腀on腀land腀is腀about腀5腀km3腄

腄12ashifei腀ash腀fall腀dePosit腩lz腀A腪

腀Ata腀P腀is腀covered腀with腀a腀yellowish腀gray腀to腀white腀gray腀fine腼grained腀vitric腀ash腀layer腃腀i腃

e腄Iz腀A腃腀which腀is腀4腀m腀thick腃腀at腀Kori腩Loc腄腀T3腃腀Fig腄40腪腄腀The腀ash腀is腀composed腀of腀many
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accretionary腀lapilli腀and腀vitric腀ash腀matrix腄腀Iz腀A腀can腀be腀subdivided腀into腀two腀units腄腀The

upper腀unit腀shows腀crude腀mantle腅bedded腀structure腀and腀normally腀graded腀bedding腄腀The腀lower

unit腀is腀more腀poorly腀sorted腀than腀the腀upper腃腀and腀locally腀valley腅ponded腀on腀a腀very腀small腀scale

since腀the腀unit腀was腀locally腀reworked腀at腀Kosato腩Loc腄腀T1腃腀Fig腄40腪腄

腀腀Outcrops腀of腀Iz腀A腀are腀limited腀along腀the腀southern腀end腀of腀the腀Osumi腀Peninsula腩Fig腄41腪腄

The腀eruptive腀center腀is腀unknown腀because腀few腀outcrops腀remain腄

腀腀Many腀accretionary腀lapilli腀of腀lz腀A腀suggest腀that腀the腀eruptive腀column腀and腀cloud腀were腀very

moist腄腀Probably腃腀a腀slicic腀phreatomagmatic腀eruption腀like腀Kori腀phase腀occurred腀again腄

Sata腀Pumice腀fall腀dePosit腩St腀p腪

腀腀St腀P腀erupted腀in腀the腀second腀plinian腀phase腀of腀the腀Ata腀cycle腄

腀腀At腀Torihama腩Loc腄腀T10腃腀Fig腄40腪腃腀St腀P腀with腀a腀thickness腀of腀340腀cm腀consists腀of腀four腀major

reversely腀graded腀fall腀units腄腀The腀units腀include腀poorly腀vesiculated腀yellowish腀gray腀pumice

fragments腀which腀are腀6腀cm腀in腀maximum腀diameter腄
腀腀St腀P腀is腀distributed腀among腀the腀southern腀half腀of腀the腀Osumi腀Peninsula腩Fig腄41腪腄腀The

thickness腀data腀suggests腀that腀the腀eruptive腀center腀apPears腀to腀be腀in腀the腀northern腀half腀of腀the

Ata腀Caldera腄
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Fig腄40腀Columnar腀sections腀for腀tephra腀layers腀from腀the腀Ata腀eruptive腀cycle

腀腀腀腀腀腀腀腀a腆Pumice腀falls腇b腆Ash腀falls腇c腆Non腼welded腀pyroclastic誎ows腇d腆Welded
腀腀腀腀腀腀腀腀pyroclastic腀flows腇e腆Pyroclastic腀surges腀or腀laminated腀pyroclastics腇f腆Ac腅

腀腀腀腀腀腀腀腀cretionary腀lapilli腇g腆Weathered腀tephra腇h腆Base腀rock
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Fig腄41 Isopach腀maps腀of腀the腀Ata腀pum腅

ice腀fal1腃腀the腀Izashiki腀ash腀fall

and腀the腀Sata腀pumice腀fall
deposits腩in腀cm腪

Symbols腀as腀Fig腄8腄

Ouchiya腖za腼Toge腀P荜r腩腪cltzstic腀surge腀dePosit腩Oc腀Ps腪

腀腀Oc腀Ps腀is腀found腀only腀at腀Ouchiyama腀Pass腃腀south腀of腀Nejime腀in腀the腀Osumi腀Peninsula腄

Though腀the腀stratigraphical腀relationships腀between腀Oc腀Ps腀and腀other腀Ata腀pyroclastics腀are

unknown腀in腀detail腃腀the腀deposit腀is腀probably腀older腀than腀Ata腀P腄

腀腀At腀Ouchiyama腀pass腩B腼B腦section腃腀Fig腄39c腇Loc腄腀T6腃腀Fig腄40腪腃腀Oc腀Ps腀is腀15腀m腀thick腄腀The

lower腀part腀is腀pumice腼rich腀a膐h腀exhibiting腀planar腀and腀low腅angle腀cross腀bedding腃腀and腀it

grades腀upward腀into腀accretionary腼lapilli腅rich腀ash腀with腀anti腼dune腀structures腄腀The腀wave腼

length腀of腀the腀dunes腀ranges腀from腀4腀m腀to腀12腀m腃腀and腀the腀height腀from腀l腀m腀to腀5腀m腄腀The腀pumice

fragments腀are腀grayish腀white腀and腀moderately腀vesicular腄腀Oval腀and腀spherical腀accretionary

lapilli腀are腀1腄5腀cm腀in腀maximum腀diameter腃腀having腀thin腀concentric腀layers腀which腀consist腀of
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fine腅grained腀glass腀shards腄腀These腀features腀suggest腀that腀Oc腀Ps腀is腀generated腀by腀strong

pulsating腀explosions腀in腀a腀more腀explosive腀silicic腀phreatomagmatic腀eruption腀and腀is腀a

proximal腀faces腀of腀the腀Ko腀A腀or腀Iz腀A腀phases腄

腅4鑀Pyro腀clas腀tic腞70w腀dePosit腀l腩腪wer腩Ata腀Pf1腅1腪

腀腀The腀earlier腀phases腀repeating腀plinian腀and腀phreatomagmatic腀eruptions腃腀were腀followed腀by

three腀pyroclastic腀flow腀phases腄腀The腀first腀phase腀formed腀Ata腀Pf1腅1腃腀which腀corresponds腀to腀the

Ata腀I腀pyroclastic腀flow腀of腀Ui腩1971腪腄腀The腀deposit腀has腀many腀valley腼ponds腀in腀the腀southern

Osum腦i腀Peninsula腃20腀km腀E腅SSE腀of腀the腀northern腀end腀of腀the腀caldera腄

腀腀At腀Nejime腩Fig腄39a腪腃腀Ata腀Pfl腼l腀has腀a腀maximum腀thickness腀of腀50腅60腀m腃腀and腀is腀a

non腼welded腀pyroclastic腀flow腀deposit腀that腀is腀composed腀of腀a腀single腀flow腀unit腄腀The腀deposit

is腀a腀poorly腀sorted腀mixture腀of腀pumice腀and腀vitric腀ash腄腀The腀pumice腀fragments腀are腀rnore腀than

50cm腀across腃腀and腀are腀grayish腀white腀and腀moderately腀vesicular腄腀The腀matrix腀ash腀consists

of腀glass腀shards腀and腀crystal腀grains腄腀The腀lower腀part腀of腀Ata腀Pfl腅1腃腀less腀than腀10腀m腀in

thickness腃腀is腀well腀cross腼stratified腄

腀腀At腀the腀north腀end腀of腀Torihama腩Fig腄39c腪腃腀Ata腀Pfl腼l腀is腀densely腀welded腀and腀consists腀of腀a

single腀cooling腀unit腄腀At腀the腀southern腀margin腀of腀the腀flow腀in腀Kori腩Fig腄39b腪腃腀the腀non腅welded

Ata腀Pf1腼l腀is腀thinner腀and腀richer腀in腀the腀matrix腀vitric腀ash腀than腀in腀the腀northern腀part腀of腀the

deposit腄腀The腀deposit腀contains腀many腀accretionary腀lapilli腀and腀imbricated腀pieces腀of腀char腅

coal腄腀The腀accretionary腀lapilli腀indicate腀that腀the腀collapsed腀eruption腀column腀was腀very腀moist腄

荭1鑀Pyro腀clas腀tic腞Zow腀dePosit腀middle腩Ata腀Pfl膡m腪

腀腀Ata腀Pfl腼m腀crops腀out腀locally腀from腀Torihama腀to腀Nejime腀5腀km腀E腅ESE腀of腀the腀northern腀part

of腀the腀Ata腀Caldera腄

腀腀The腀flow腀deposit腀has腀a腀maximum腀thickness腀of腀15腀m腃腀and腀is腀composed腀of腀twelve腀thin

flow腀units腀which腀are腀partially腀welded腀at腀Onejime腄腀Single腀flow腀units腀range腀from腀50腀cm腀to

200cm腀in腀thicknss腄腀The腀pumice腀fragments腀are腀inversely腀graded腃腀and腀the腀lithic腀fragments

are腀normally腀graded腀in腀each腀unit腄腀The腀white腅gray腀pumice腀fragments腀have腀a腀maximum

diameter腀of腀more腀than腀20腀cm腃腀and腀are腀moderately腀vesicular腄腀At腀Torihama腃腀Ata腀Pfl腅l腀is

densely腀welded腩Fig腄39c腪腵and腀displays腀platy腀jointing腄

臚4鑀Pyroclastic腞70w腀uPPer腩Ata腀Pf1腅u腪

腀腀Ata腀Pfl腼u腀corresponds腀to腀the腀Ata腀II腀pyroclastic腀flow腀of腀Ui腩1971腪腄腀The腀distribution腀of

Ata腀Pfl腅u腀is腀so腀extensive腀that腀the腀deposits腀cover腀the腀whole腀of腀the腀Osumi腀and腀Satsuma

Peninsulas腃腀and腀can腀be腀traced腀to腀Hitoyoshi腀Basin腃腀the腀Miyazaki腀Plain腃腀and腀Tane腀Island

100腅130km腀far腀from腀the腀Ata腀Caldera腩Fig腄42腪腄

腀腀Ata腀Pfl腅u腀is腀thickest腀in腀the腀southern腀part腀of腀the腀Osumi腀Peninsula腄腀It腀ranges腀from腀l5腀m

to腀50腀m腀in腀thickness腃腀and腀buries腀valleys腀and腀basins腃腀forming腀plateaus腄腀The腀deposit腀is

densely腀welded腀and腀consists腀of腀two腀or腀three腀cooling腀units腃腀The腀color腀is腀dark腀gray腼reddish

purple腃腀which腀is腀a腀good腀key腀for腀distinguishing腀the腀deposit腀from腀other腀pyroclastic腀flows

in腀southern腀Kyushu腄腀Pumice腀is腀horizontally腀stretches腀and腀lineated腀in腀the腀dark腀gray腼

reddish腀purple腀welded腀part腄

腀腀The腀uppermost腀part腀is腀less腀than腀15腀m腀in腀thickness腀and腀is腀non腅welded腀in腀the腀central腀part

of腀the腀plateau腀east腀of腀Onejime腄腀But腃腀the腀non腅welded腀parts腀are腀strongly腀eroded腀away腀by
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Fig腄42 Distribution腀of腀the腀remaining
parts腀of腀the腀Ata腀IX腀pyroclastic

flow腀deposit腀upper腃腀after腀Oki

and腀Hayasaka腩1973腪腃腀Suzuki
and腀Ui腩1981腪腃腀Nagaoka腩1984腪腃

and腀Watanabe腩1985腪

running腀water腀at腀the腀margins腀of腀the腀plateau腄

腀腀In腀the腀distal腀area腀more腀than腀30腀km腀from腀the腀Ata腀Caldera腃腀Ata腀Pfl腅u腀is腀generally

non腼welded腄腀It腀also腀contains腀more腀purple腀fine腼grained腀vitric腀ash腀than腀in腀the腀proximal

areas腄

Taleenoz腖a腀ash荭雜腖dePosit腩Tu腀A腪

腀腀Tu腀A腀overlies腀the腀uppermost腀non腅welded腀part腀of腀Ata腀Pf1腅u腄腀The腀ash腀layer腀is腀200腀cm

thick腃腀and腀is腀subdivided腀into腀two腀units腃腀at腀Takenoura腀and腀Shouei腩Loc腄腀TO腃腀T4腅a腇Fig腄40腪

in腀the腀southern腀Osumi腀Peninsula腄腀The腀lower腀unit腀is腀composed腀of腀pinkish腀white腃腀very

fine腼grained腀vitric腀ash腀which腀includes腀many腀oval腀accretionary腀lapilli腄腀The腀unit腀displays

prominent腀cross腼and腀planar腀bedding腃腀as腀a腀ash腀cloud腀surges腄腀The腀upper腀unit腀consists腀of

orange腀fine腅grained腀vitric腀ash腀that腀contains腀abundant腀bubble腅wall腀type腀glass腀shards腃腀and

its腀very腀good腀sorting腀suggests腀that腀it腀is腀an腀ash腀fall腀deposit腄腀The腀ash腀is腀probably腀the

co腼ignimbrite腀ash腀fall腀deposit腀of腀Ata腀Pfl腼u腃腀because腀it腀contains腀a腀large腀amount腀of

bubble腅wall腀type腀glass腀shards腀which腀are腀included腀in腀the腀matrix腀of腀the腀non腼welded腀Ata

Pfl腅u腄
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5腄Late腀Quaternary腀Volcanism腀in腀the腀Kikai腀Caldera

GeOmOrphOIOgy腀and腀geOlOgy
腀腀The腀Kikai腀Caldera腩Matumoto腃1937腪腃20腀km腾17腀km腀wide腃腀is腀located腀in腀the腀East腀China

Sea腀30腀km腀southwest腀off腀Cape腀Sata腀at腀the腀south腀end腀of腀the腀Osmi腀Peninsula腩Figs腄1and

43腪腄Most腀of腀the腀caldera腀is腀now腀submerged腀beneath腀the腀sea腄腀The腀subaerial腀parts腀of腀the

caldera腀are腀the腀northern腀caldera腀rim腃腀Take腼shima腃腀and腀two腀main腀post腀caldera腀volcanoes腃

Iwo腅jima腀and腀Shin腼Iwo腅jima腄腀The腀caldera腀bottom腀is腀300腀m腀to腀500腀m腀below腀sea腀level腄

腀腀The腀caldera腀rims腀are腀composed腀of腀the腀pre腅caldera腀volcanoes腀which腀consist腀of腀two

groups腃腀basalt腀and腀andesite腀subaerial腀stratovolcanoes腀and腀rhyolite腀and腀dacite腀subaerial

腀腀腀腀腀腀腀腀腀腀腀腀腀5km
L腼裪裪腄腀腄裪
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Fig腄43腀Geomorphological腀map腀of腀the腀Kikai腀Caldera腀on腀land腀and腀beneath腀the腀sea
腀腀腀腀腀腀腀a腆Abrasion腀platform腀and腀wave腀cut腀bench腇b腆Sea腀cliff腇c腆Fluvial腀fan腇d腆Slumping腇

腀腀腀腀腀腀腀e腆Crater腇f腆Central腀cones腩conical腀volcanos腃腀mounds腀of腀pyroclastics腀or腀lava腀dome腪腇

腀腀腀腀腀腀腀g腆Lobes腀of腀lava腀or腀pyroclastics腇h腆Surface腀of腀marine腀sediments腀or腀pyroclasitics

腀腀腀腀腀腀腀from腀central腀cone腇i腆Slope腇j腆Caldera腀bottom腇k腆Caldera腀wall腇1腆Surface腀of腀pyro腼

腀腀腀腀腀腀腀clastics腀of腀caldera腼forming腀stage腀and腀marine腀sediments腇m腆Pre腼caldera腀volcano

lava腀flows腩Ono腀et腀al腄腃1982腪腄腀The腀rocks腀are腀all腀younger腀than腀O腄7腀Ma腩Ono腀et腀al腄腃1982腪腄

腀腀The腀deposits腀of腀the腀caldera腼forming腀stage腀are腀composed腀of腀three腀major腀rhyolite腀and

dacite腀pyroclastic腀flows腀accompanied腀by腀pumice腀falls腀and腀an腀alternation腀of腀thin腀ash腀and

scoria腀fall腀beds腩Ono腀et腀al腄腃1982腇see腀Figs腄44腀and腀45腪腄腀These腀deposits腀thickly腀cover

Take腅shima腀and腀Iwo腅jima腄
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腀腀Iwo腼dake腃腀Inamura腅dake腃腀Shin腅Iwo腼jima腃腀and腀Asase腀are腀post腅caldera腀volcanoes腀and

tops腀of腀the腀submerged腀stratovolcanoes腀under腀the腀sea腄腀Most腀of腀submarine腀post腅caldera

volcanoes腀are腀geomorphologically腀interpreted腀on腀the腀basis腀of腀bathymetric腀maps腀to腀be

cones腀of腀hyaloclastite腀and腀lava腀domes腩Fig腄43腪腄腀Formation腀of腀them腀started腀after腀about

6ka腩Ono腀et腀al腄腃1982腪腄

Tephra腀layers腀in腀the腀caldera腅forming腀stage腀older腀than腀the腀Takeshima腀eruptive腀cycle

腀腀The腀Kikai腀Caldera腀was腀probably腀formed腀by腀three腀or腀more腀silicic腀pyroclastic腀flow

cycles腆the腀Koabiyama腃腀N腀agase腃腀and腀Takeshima腩Ono腀et腀al腄腃1982腇see腀Figs腄44腀and腀45腪腄

In腀this腀and腀next腀sections腃腀tephra腀layers腀in腀the腀caldera腅forming腀stage腀are腀described腄

The腀P荢70clastic腀fl腩腪W腀del苨OS荋襝s腀o腀lde菁腀覾醽2腀the腀Nagase腀1腠y70clastic腞ZO菖dePosit

腀腀The腀Koabiyama腀pyroclastic腀flow腀deposit腩Ka腀Pfl腪is腀the腀oldest腀deposit腀in腀the腀stage

腩Ono腀et莿1腄腃1982腪腄腀Ka腀Pfl腀is腀less腀than腀100腀m腀thick腃腀and腀covers腀Take腼shima腀and腀Iwo腅jima腄

It腀consists腀of腀many腀thin腀flow腀units腀that腀are腀densely腀welded腄腀A腀thin腀pumice腀fall腀layer腀is

found腀at腀the腀base腀of腀Ka腀Pfl腄

腀腀The腀Koseda腀pyroclastic腀flow腀deposit腩Machida腃1977腪腩Ks腀Pf1腪probably腀erupted腀from

the腀Kikai腀Caldera腃腀and腀underlies腀the腀middle腀Pleistocene腀marine腀terrace腀deposits腀in腀Tane

and腀Yaku腀Islands腀35腅50腀krn腀away腀from腀the腀caldera腄腀Ks腀Pfl腀is腀a腀weathered腃腀non腅welded腃

rhyolite腀pyroclastic腀flow腀deposit腀containing腀phenocrysts腀of腀quartz腀and腀hornblende腄腀Ka腀Pfl

and腀Ks腀Pfl腀are腀both腀underlie腀the腀Nagase腀pyroclastic腀flow腃腀but腀the腀stratigraphical

relationship腀between腀Ka腀Pfl腀and腀Ks腀Pfl腀is腀unknown腄
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Fig腄44 Block腀diagrams腀showing腀the腀late腀Quaternary腀geologic腀history腀of腀the腀Kikai
Caldera腃腀after腀Ono腀et腀al腄腩1982腪and腀Kobayashi腀and腀Hayakawa腩1984腪
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Nagase腀Pyroclastic腀fl腩腪w腀del腪osit腩Ng腀Pfl腪腀and腀its腀re腀l菑ted腀dePosits

腀腀The腀Nagase腀pyroclastic腀flow腩Ono腀et腀al腄腃1982腪腩Ng腀Pfl腪was腀erupted腀in腀the腀early腀late

Pleistocene腄腀Ng腀Pfl腀is腀a腀non腼welded腀pyroclastic腀flow腀deposit腃腀more腀than腀10腀m腀thick腃腀and

includes腀valley腼ponds腀in腀the腀western腀half腀of腀Take腅shima腄腀It腀is腀composed腀of腀moderately

vesiculated腀white腀rhyolite腀pumice腀in腀a腀matrix腀of腀white腀vitric腀ash腄腀The腀pumice腀contains

quartz腃腀orthopyroxene腃腀and腀clinopyroxene腀phenocrysts腀which腀are腀used腀as腀a腀key腀for

distinguishing腀the腀deposit腀from腀other腀tephra腀layers腀from腀the腀Kikai腀Caldera腩Fig腄50腪腄腀At

the腀base腀of腀the腀flow腀deposit腃腀there腀is腀a腀coarse腼grained腀ash腀fall腀layer腃100腅200腀cm腀thick腃

which腀contains腀accretionary腀lapilli腀as腀much腀as腀3腀cm腀across腄腀The腀layer腀indicates腀that腀the

Nagase腀cycle腀started腀with腀a腀silicic腀phreatomagmatic腀eruption腄

Kileai腼Tozurahara腀ash腀fall腀deposit腀腩K腼Tz腃荭膄2腦shinoomote腀臨腀莿sh腀fall腀deposit腦腀Ns腀I腀I腀A腀in

Nagaoka腃1988腪
腀腀Kikai腼Tozurahara腀ash腀fall腀deposit腩K腼Tz腪腃腀a腀co腼ignimbrite腀ash腀falls腀of腀Ng腀Pfl腩Machida

and腀Arai腃1983腪腃腀is腀distributed腀as腀far腀as腀central腀Japan腩Fig腄46腪and腀the腀eruption腀date腀is

estimated腀at腀about腀75腀ka腩Machida腀et腀al腄腃1983腪腃腀In腀the腀Osumi腀Peninsula腃腀and腀Tane腀and

Yaku腀Islands腃腀K腼Tz腀contains腀a腀large腀amount腀of腀spherical腀accretionary腀lapilli腃腀in腀which

thin腀concentric腀layers腀are腀composed腀of腀fine腼grained腀bubble腼wall腀type腀glass腀shards腄

腀腀K腅Tz腀fell腀from腀the腀upper腀part腀of腀the腀high腀eruptive腀column腀because腀the腀deposit腀has

many腀large腀accretionary腀lapilli腃腀more腀than腀2腀cm腀across腄腀The腀formation腀of腀the腀large

accretionary腀lapilli腀needed腀long腀time腀for腀suspending腀in腀the腀air腄腀This腀indicates腀that腀the

upper腀part腀of腀eruptive腀column腀was腀so腀abundant腀in腀fine腼grained腀glass腀shards腀and腀so腀moist

that腀many腀accretionary腀lapilli腀formed腀in腀it腄腀The腀vent腀was腀probably腀submerged腀beneath

the腀sea腀and腀the腀Nagase腀cycle腀might腀be腀of腀a腀phreatomagmatic腀or腀phreatoplinian腀type腄

NdShinoomote腀l腀and腶UI腀pyrocltzstic腀surge腀depositS腩Ns腀I腃腀III腀Ps腪

腀腀K腼Tz腀is腀intercalated腀between腀two腀thin腀orange腼colored腀fine腅grained腀pyroclastic腀surge

deposits腩Fig腄45腪腃腀the腀Nishinoomote腀I腀and腀III腀pyroclastic腀surge腀deposits腩Ns腀I腀and腀III腀Ps腇

Nagaoka腃1988腪腃腀in腀Yaku腀and腀Tane腀Islands腀and腀at腀the腀southern腀end腀of腀the腀Osumi

Peninsula腩Figs腄34腀and腀47腪30腼70腀km腀away腀from腀the腀Kikai腀Caldera腄腀Ns腀I腀and腀III腀Ps腀are

less腀than腀150腀cm腀thick腀and腀exhibit腀prominent腀low腼angle腀cross腅stratification腄腀They腀are

moderately腀sorted腀and腀consist腀of腀pumice腀below腀2腀cm腀across腀as腀well腀as腀fine腼grained腀glass

shards腀and腀crystal腀grains腄腀Lithics腀are腀very腀few腄腀Accretionary腀lapilli腀and腀vesicles腀are腁

frequently腀found腀in腀the腀matrix腀of腀ash腄

腀腀Ns腀I腀and腀III腀Ps腀are腀much腀farther腼reaching腃腀thin腃腀finer腅grained腃腀and腀lithologically

different腀from腀parent腀pyroclastic腀flow腀deposit腆Ng腀Pfl腀which腀is腀petrographically腀correlat腼

ed腀with腀the腀pyroclastic腀surge腀deposits腄腀Ns腀I腀and腀III腀Ps腀were腀probably腀generated腀from腀the

margin腀or腀ash腀cloud腀of腀Ng腀Pfl腀when腀the腀flow腀entered腀into腀the腀sea腩Nagaoka腃1988腪腄

腀腀The腀total腀volume腀of腀tephra腀in腀the腀Nagase腀cycle腀is腀about腀100腀km3腄

Komoriko腀ash腀and腀scorin腀fall腀dePosits腩Km腪

腀腀Ng腀Pfl腀is腀unconfQrma腄腀bly腀covered腀with腀the腀Komoriko腀ash腀and腀scoria腀fall腀deposits腩Km腪

in腀Take腀Island腄腀These腀deposlts腀coincide腀with腀the腀Komoriko腀air腅fall腀pyroclastics腀in腀Ono

et莿1腄腩1982腪腄腀Km腀is腀less腀than腀10腀m腀thick腃腀and腀is腀made腀up腀of腀alternation腀of腀thin腀scoria腀and

ash腀layers腄腀It腀is腀probably腀the腀product腀of腀strombolian腀and腀vulcanian腀eruptions腀at腀subaeria1
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Fig腄46腀Total腀thickness腀of腀the腀Nagase腀pyroclastic腀flow腃腀Nishinoomote腀I腀and腀III

腀腀腀腀腀腀腀pyroclastic腀surges腀and腀Kikai腼Tz腩Nishinoomote腀II腪ash腀fall腀deposits腩in
腀腀腀腀腀腀腀cm腪

腀腀腀腀腀腀腀Abyssal腀data腀from腀Arai腀and腀Machida腩1983腪腄
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stratovolcanoes腄

腀In腀Tane腀Island腩Loc腄腀B2腃腀Fig腄34腪腃腀weathered腀volcanic腀ash腀between腀K腼Tz腀and腀Os腀P

includes腀three腀marker腀tephra腀layers腃腀the腀Tane腀I腀ash腀falls腩In腀I腀A腪腃腀the腀Tane腀II腀pumice腀falls

腩In腀II腀P腪腃腀and腀the腀Tane腀III腀ash腀falls腩In腀III腀A腪in腀ascending腀order腩Fig腄45腪腄腀Tn腀I腀A腀and腀Tn

II腀P腀are腀intercalated腀in腀the腀upper腀part腀of腀Km腀on腀Take腀Island腩Fig腄45腪腄

Tephra腀layers腀in腀the腀Takeshima腀eruptive腀cycle

腀Aclimactic腀eruptive腀cycle腃腀called腀the腀Takesima腀eruptive腀cycle腀in腀this腀paper腃腀of腀the

caldera腅forming腀stage腀took腀place腀about腀6腀ka腩Ono腀et腀al腄腃1982腪腄

Funakura腀Pu腖zice腀fall腀de苨osit腩腮Fn腀P腪

The腀cycle腀started腀with腀a腀large腀plinian腀phase腃腀and腀formed腀the腀Funakura腀pumice腀fall

deposit腩Ono腀et莿1腄腃1982腪腩Fn腀P腪which腀corresponds腀to腀the腀Koya腀pumice腀fall腀deposit腩Ui腃

1973腇Machida腀and腀Arai腃1978腪腩Ky腀P腪on腀the腀Osumi腀Peninsula腄腀Many腀thin腀fall腀units腀in腀Fn

Pindicate腀the腀eruptive腀column腀was腀pulsating腄腀Fn腀P腀covered腀the腀Osumi腀Peninsula腀and

Tane腀Island腀with腀a腀dispersal腀axis腀of腀NE腩Walker菆腦莿1腄腃1984腪腄
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Fig腄471sopach腀map腀of腀the腀Nishinoomote腀I腀pyroclastic腀surge腀deposit腩in腀cm腪
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Funakura腀Pyroclastic腞Zow腀del腪osit腩Fn腀Pf鉵腪

腀腀The腀Funakura腀pyroclastic腀flow腀deposit腩Ono腀et莿1腄腃1982腪腩Fn腀Pfl腪overlies腀Fn腀P腀on腀the

caldera腀rims腄腀Fn腀Pfl腀is腀a腀dark腅gray腀weakly腅welded腀and腀wel1腅stratified腀pyroclastic腀flow

deposit腃腀composed腀of腀fine腼grained腀vitric腀ash腄腀The腀plinian腀column腀of腀Fn腀P腀was腀probably

collapsed腀to腀form腀Fn腀Pfl腀since腀the腀uppermost腀part腀of腀Fn腀P腀is腀interbedded腀with腀the

lowermost腀of腀Fn腀Pfl腄

Taleeshii腀a腀P荜roclzstic腞Zow腀deposit腩T腮k腀Pfl腪腀and腀Ko荣a腀pyroclzstic荶70w腀del腴osit腩Ky腀Pfl腪

腀腀The腀last腀phase腀of腀the腀cycle腀generated腀the腀Takeshima腀pyroclastic腀flow腀deposit腩Ono腀et

al腄腃1982腪腩Tk腀Pfl腪腄腀Tk腀Pfl腀on腀the腀caldera腀rims腃腀Iwo腼jima腀and腀Take腅shima腃腀more腀than腀10

mthick腃腀contains腀valley腼ponds腀and腀is腀a腀non腼welded腀pyroclastic腀flow腀deposit腄腀It腀is腀com腼

posed腀of腀a腀mixture腀of腀excellently腀vesiculated腀gray腅white腀pumice腀in腀a腀gray腀vitric腀ashy

matrix腃腀accompanied腀by腀a腀basal腀zone腀containing腀a腀concentration腀of腀coarse腅grained
lithics腄

腀腀The腀Koya腀pyroclastic腀flow腀deposit腩Ui腃1973腪腩Ky腀Pfl腪is腀an腀exceptionally腀thin腀and

extensively腀distributed腀deposit腀that腀covers腀Tane腀and腀Yaku腀Islands腃腀and腀the腀southern腀half

of腀the腀Satsuma腀and腀Osumi腀Peninsula腄腀Ky腀Pfl腀is腀regarded腀as腀a腀low腼aspect腀ratio腀ignimbrite

腩Walker腀et腀al腄腃1981腃1984腪腄腀Ky腀Pfl腀is腀the腀distal腀facies腀of腀Tk腀Pfl腄腀Tk腀Pfl腀left腀large腀lithic

and腀pumice腀fragments腀on腀the腀sea腀and腀changed腀into腀gas腼and腀fine腼particle腀rich腀pyroclastic

flow腃腀Ky腀Pfl腃腀on腀the腀sea腄

荭4h莿hoya腀ash腞iZll腀dePosit腩Ah腪

腀腀The腀Akahoya腀ash腀fall腀deposit腩Ah腇Machida腀and腀Arai腃1978腪reaches腀central腀Japan腀1腃

000km腀far腀away腀from腀the腀Kikai腀Caldera腃腀and腀is腀a腀co腼ignimbrite腀ash腀fall腀deposit腃腀probably

derived腀from腀Tk腀Pfl腄腀Ah腀displays腀prominently腀normal腅grading腀in腀comparison腀with腀other

co腼ignimbrite腀ash腀faUs腀in腀southern腀Kyushu腄腀It腀consists腀primarily腀of腀bubble腼wall腀type腀glass

shards腄腀In腀southern腀Kyushu腃腀there腀are腀pUmice腀fragments腃腀armored腀lapilli腀and腀accretionar腼

ylapilli腀concentrated腀at腀the腀base腀of腀Ah腩Fig腄45腪腄腀The腀ash腅laden腀cloud腀and腀particles腀of腀Ah

were腀drier腀than腀K腼Tz腀and腀AT腀because腀Ah腀is腀more腀normally腀graded腀and腀has腀less

accretionary腀lapilli腀than腀KTz腀and腀AT腄

腀腀The腀total腀volume腀of腀the腀tephra腀in腀Takeshima腀cycle腀is腀about腀150腀km3腩Machida腀and

Arai腃1978腪腄

6腄Characteristics腀of腀the腀Eruptive腀Sequence腀of腀Caldera腀Volcanoes

Eruptive腀sequence腀of腀a腀single腀cycle

腀腀The腀tephra腀layers腀produced腀by腀a腀single腀eruptive腀cycle腀conformably腀superpose腀each

other腃腀and腀do腀not腀include腀layers腀that腀represent腀weathering腀breaks腩Nakamura腀et腀al腄腃

1963腪腄One腀of腀the腀several腀tephra腀layers腀in腀a腀cycle腀may腀be腀interpreted腀to腀represent腀a腀single

eruptive腀phase腀defined腀by腀Fisher腀and腀Schmincke腩1984腪腄

腀腀Eruptive腀cycles腀in腀Kagoshima腀Graben腀are腀grouped腀into腀foUowing腀types腃腀based腀on腀the

sequence腀of腀eruptive腀phases腄

Plin腀ian腀腼erup腀tive腀cycle
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Table腀l腀Sequences腀of腀eruptive腀phases腀during腀the腀Aira腃腀Ata腃腀Nagase腀and腀Takeshima腀large腅
腀腀腀腀腀腀腀scale腀pyroclastic腀flow腀eruptive腀cycles

CYCLE
mAME

Aira Ata Nagase Takeshima

ERUPTIVE
bENTER Aira腀caldera Ata腀caldera Kikai腀caldera Kikai腀caldera

AGE 21ka腼22ka 80ka腼90ka 70ka腼80ka 6ka

Phreatic腀explosion Large腼scale腀pyro裪 Large腼scale腀pyro裪 Large腅scale腀pyro腅

膪腀腩Ud腪 clastic腀flow腀erup腅 clastic腀flow腀erup裪 clastic腀flow腀erup裪

Phreatic腀explosion tion tion tion腩Tk腀Pf1腃腀Ah腪

膪腀腩Ue腪 腩Ata腀Pf1腼u腃腀Tu腀A腪 腩Ng腀Pf1腃腀NsI腅III 膪

Large腅scale腀pyro裪
膪

PsK腼TzA腪 Small腼scale腀pyro裪

clastic腀flow腀erup腅 Small腅scale腀pyro腅 膪 clastic腀flow腀erup裪

tion clastic腀flow腀erup裪 Phreatomagmatiction腀腀腀腀腩Fn腀pn腪

腩Km腼A腅腼B腃腀Ito tion腀腩Ata腀Pf1腅m腪 eruption 膪

Pf1腃腀AT腀I腅II腅III腪 膪 腩ash腀fallP腪 Plinian腀eruption
膪 Small腼scale腀pyro裪 腩FnP腪

ERUPTIVE Moderate腼scale clastic腀flow腀erup裪

SEQUENCE pyroclastic腀flow tion腀腀腩Ata腀Pfl腼1腪

OF eruption腩Tm腀Pfl腪 膪

ASINGLE 膪 Plinian腀eruption

CYCLE Phreatomagmatic 膪腀腩StP腪

eruption腀腩Tm腀A腪 Phreatomagmatic
膪 eruption腀腀腩Iz腀A腪

Plinian腀eruption
膪

腩OsP腪 Plinian腀eruption
腩Ata腀P腪

Phreatomagmatic
eruption腀腩Ko腀A腪

TOTAL
uOLUME 450km3 轜100km3 100km3 150km3

腀腀This腀cycle腀consists腀of腀a腀single腀plinian腩including腀subplinian腪phase腀which腀is腀sometimes

followed腀by腀a腀moderate腼scale腀pyroclastic腀flow腀phase腄腀The腀pyroclastic腀flows腀occur腀when

the腀plinian腀columns腀gravitationally腀collapse腄腀Total腀volume腀of腀ejecta腀in腀the腀cycle腀is腀less

than腀50腀km3腄

腀腀Examples腀include腀the腀Fukuyama腩Fk腀P腪腃腀Iwato腩Iwt腀P腀and腀Iwt腀Pf1腪腃腀Otsuka腩Ot腀P腪腃

Fukaminato腩Fm腀P腪腃腀and腀Arasaki腩Ar腀P腀and腀Ar腀Pf1腪cycles菏f腀the腀Aira腀Caldera腇
Torihama腩Tr腀P腀and腀Tr腀Pfl腪腃腀Marumine腩Mr腀P腪腃腀and腀Ikeda腩Ik腀P腃腀Ik腀Pfl腃腀and腀Ik腀Ps腪cycles

of腀the腀Ata腀Caldera腩Table腀2腪腄

Large腼scale腀Pyroclastic腀flow腀e腀rup腀tive腀cycle

腀腀The腀cycle腀is腀characterized腀by腀a腀large腅scale腀pyroclastic腀flow腀phase腀of腀up腀to腀100腀km3腀in

volume腄腀The腀phase腀is腀frequently腀preceded腀by腀various腀phases腃腀including腀plinian腃腀small腅and
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Table腀2腀Characteristics腀of腀eruptive腀multi腅cycles

SEQUENCE Vc Vs ERUPTIVE腀CYCLE腩DEPOSIT腪
STAGE OF腀A腀CYCLE 腩km3腪 腩km3腪 AIRA ATA KIKAI

Fukuyama腩Fk腀P腪 Torihama腩Tr腀P腃腀Tr
Iwato腩Iwt腀P腃腀Iwt腀Pf1腪 Pf1腪

P
Otsuka腩Ot腀P腪 Mar蝰ine腩Mr腀P腪腃

PLINIAN腀STAGE
P腄MF

1腼20 50 Fukaminato腩Fm腀P腪 130腅90ka

Arasaki腩Ar腀P腃腀Ar腀Pfl腪 Ikeda腀腩Ikp腃腀Ikpf1腃

80腅30ka Ikps腃腀etc腃腪

5ka

Aira腩Os腀P腃腀Tm腀Pf1 Ata腩Ko腀A腅Ata腀Pfl腪 Nagase腩Ng腀Pf1腃腀Ns腀I腃

Ito腀Pfl腃腀AT腪 90腅80ka II腀pn腃腀K腅Tz腪

鍣 LARGE腅SCALE P腄MF腄LF 22腅21ka 75ka
顉 PYROCLASIC P腼H腅MF腅LF 100膃 100膃 Takeshima腩Fn腀P腃腀Fn
2F邳OW腀STAGE H腅LF pn腀Tk腀Pfl腃
膩
雚 Ah腪

軅 6ka

MODERATE腼SCALE Moeshima腩Me腀Pf1腃腀Me Tashiro腩Ts腀Pfl腪

PYROCLASTIC MF 1腅10 20膄 A腪 Imaizumi腩lm腀Pf1腪

FLOW腀STAGE 10ka 80腅70ka

Sakurajima Ibusuki腃腀Karayama Komoriko腩Km腪

13ka腠 Washiodake 60腅40ka

POST腅CALDERA
rTAGE

S腃V腃腀P腃腀H腃

k腃SF腃腀etc腄
0腃1膄 50膄

Onodake腃腀etc腄

@40腅30ka

Iwodake
hn蝯uradake腃腀etc腄

Kaimondake 6ka腠
4腅2ka

LF腆Large腅scale腀pyroclastic腀flow腀phase腇MF腆Moderate腅scale腀pyroclastic腀flow腀phase腇SF腆

Smal1腼scale腀pyroclastic腀flow腀phase腇P腆Plinian腀phase腇H腆Phreatomagmatic腀腩including
phreatoplinian腪phases腇V腆Vulcanian腀phase腇S腆Strombolian腀phase腇L腆Lava腀floW腇Vc腆
Total腀volume腀of腀tephra腀during腀a腀cycle腇Vs腆Total腀volume腀of腀tephra腀during腀a腀stage

moderate腼scale腀pyroclastic腀flows腃腀phreatomagmatic腃腀and腀phreatoplinian腀phases腩Table腀1腪腄

Asingle腀cycle腀forms腀a腀large腀amount腀of腀tephra腃腀generally腀more腀than腀100腀km3腄腀Examples

include腀the腀Aira腩composed腀of腀Os腀P腃腀Tm腀Pfl腃腀and腀Ito腀Pfl腀phases腪腃腀Ata腩Ko腀A腃腀Ata腀P腃腀Iz

A腃St腀P腃腀Ata腀Pf1腼1腃腀Ata腀Pfl腅m腃腀Ata腀Pfl腅u腀phases腪腃腀Nagase腩Ng腀Pfl腀phases腪腃腀and腀Takeshima

腩Fn腀P腃腀Fn腀Pfl腃腀and腀Tk腀Pfl腀phases腪cycles腩Table腀1腪腄

Modente腼scale腀Pyroclastic腞Zow腀eruPtive腀cycle

腀腀This腀cycle腀is腀composed腀of腀a腀single腀phase腀of腀a腀moderate腅scale腀pyroclastic腀flow腩1腠50

km3腀in腀volume腪腄腀Examples腀are腀the腀Moeshima腀pyroclastic腀flow腀cycle腀of腀the腀Aira腀Caldera腃

and腀the腀Tashiro腀and腀Imaizumi腀pyroclastic腀flow腀cycles腀of腀the腀Ata腀Caldera腄

腩腪ycles腩荝s腖za腖腅scale腀ermp腀tion

腀腀The腀cycles腀include腀smaU腅scale腀vulcanian腃腀strombolian腀and腀phreatomagmatic腀eruptive

phases腃腀for腀example腃腀Kenashino腃腀Yonemaru腃腀Sumiyoshiike腃腀the腀recent腀eruptions腀of

Sakurajima腃腀and腀the腀erUptions腀of腀other腀post腅caldera腀cones腀and腀lava腀domes腀including

Kaimondake腃腀Ibusuki腀and腀Karayama腄腀The腀volume腀in腀the腀single腀cycle腀is腀less腀than腀l腀km3腄
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Eruptive腀multi腅cycle腩long腅term腀eruptive腀sequence腪

The腀Aira腀Caldera

腀腀In腀the腀Aira腀Caldera腃腀there腀was腀a腀period腀of腀quiescence腀for腀105腀years腀before腀the

Fukuyama腀cycle腀in腀70腅80腀ka腩Fig腄48腪腃腀because腀prominent腀reddish腀soil腀and腀a腀large

high腅angle腀unconformity腀are腀found腀at腀the腀boundary腀between腀Fk腀P腀and腀the腀Shikine腀lava

or腀the腀Kakuto腀pyroclastic腀flow腀deposit腀O腄2腼0腄4腀Ma腀old腩Miyachi腃1983腪腄

腀腀Late腀Quaternary腀explosive腀volcanism腃腀resulting腀from腀eruptions腀of腀rhyolite腀and腀dacite

magma腃腀started腀with腀the腀Fukuyama腀cycle腀in腀70腼80腀ka腃腀and腀finished腀with腀the腀Moeshima

cycle腀about腀l腀ka腃腀or腀may腀still腀be腀continuing腀with腀the腀historic腀period腀being腀a腀time腀of

quiescence腀and腀with腀other腀eruption腀types腀of腀post腼caldera腀stratovolcano腃腀Sakurajima腄腀The

history腀of腀volcanism腀contains腀several腀eruptive腀cycles腄腀The腀intervening腀period腀between

eruptive腀cycles腀is腀probably腀less腀than腀104腀years腃腀based腀on腀the腀ages腀of腀tephra腀layers腄腀The

long腼term腀eruptive腀unit腀is腀thought腀to腀be腀a腀kind腀of腀a腀eruptive腀epoch腩Fisher腀and腀Schminck腅

e腃1984腪腃and腀in腀this腀paper腃腀it腀is腀defined腀as腧a腀eruptive腀multi腅cycle腨腃腀which腀is腀composed腀of

several腀eruptive腀cycles腀with腀intervening腀intervals腀of腀quiescence腀for腀103腀years腩Fig腄48腇

Table腀2腪腄腀The腀time腀interval腀between腀two腀multi腅cycles腩between腀Fk腀P腀and腀the腀Shikine

lavd腃腀and腀the腀Kakuto腀pyroclastic腀flow腪may腀be腀105腀years腄

腀腀Five腀plinian腀eruptive腀cycles腃腀Fukuyama腃腀Iwato腃腀Otsuka腃腀Fukaminato腃腀and腀Arasaki腃

occurred腀intermittently腀during腀80腼30腀ka腀in腀the腀last腀multi腅cycle腀of腀the腀Aira腀Caldera腩Fig腄

48腪腄This腀period腀is腀called腀a腧plinian腀stage腨腄腀The腀stage腀produced腀about腀50腀km30f

pumiceous腀material腄
腀腀This腀stage腀was腀followed腀by腀the腀Aira腀large腼scale腀pyroclastic腀flow腀cycle腀22腅21腀ka腄腀The

single腀large腅scale腀pyroclastic腀flow腀cycle腀composes腀a腀stage腃腀which腀is腀named腀a腧1arge腼scale

pyroclastic腀flow腀stage腨腄腀This腀stage腀of腀just腀one腀cycle腀formed腀eighty腀percent腀of腀volume腀of

tephra腀which腀erupted腀from腀the腀Aira腀Caldera腀during腀one腀multi腅cycle腩Fig腄49腪腄

腀腀After腀the腀large腼pyroclastic腀flow腀stage腃腀a腀moderate腼scale腀pyroclastic腀flow腀cycle腃腀the

Moeshima腀pyroclastic腀flow腃腀took腀place腀about腀10腀ka腄腀A腧moderate腼pyroclastic腀flow腀stage腨

is腀defined腀as腀the腀period腀which腀consists腀of腀a腀few腀moderate腅scale腀pyroclastic腀cycles腀after

alarge腼scale腀pyroclastic腀flow腀cycle腄腀This腀stage腀produces腀no腀pumice腀fall腀deposit腄腀The腀total

volume腀of腀tephra腀produced腀in腀the腀stage腀is腀less腀than腀10腀km3腄腀The腀stage腀overlaps腀with腀the

period腀of腀post腼caldera腀cone腀activity腀at腀the腀andesitic腀Sakurajima腀Volcano腩Fig腄48腪腄

The腀Ata腀Caldera
腀腀The腀Ata腀Caldera腀has腀a腀eruptive腀multi腼cycle腀similar腀to腀the腀Aira腀Caldera腩Fig腄48腇Table

2腪腄The腀multi腅cycle腀began腀with腀the腀Torihama腀cycle腀O腄13腼0腄11腀Ma腃腀which腀had腀a腀plinian

phase腀and腀exceptionally腀large腅scale腀pyroclastic腀flow腀phase腄腀The腀plinian腀stage腀is腀com腼

posed腀of腀several腀plinian腀cycles腃腀including腀the腀Torihama腀and腀Marumine腀cycles腃腀and

continued腀to腀90腀ka腩Fig腄48腪腄腀The腀Ata腀cycle腀of腀90腅80腀ka腀corresponds腀to腀the腀large腼scale

pyroclastic腀flow腀stage腄腀The腀multi腼cycle腀probably腀finished腀with腀a腀moderate腅scale腀pyroclas腅

tic腀flow腀stage腀consisting腀of腀the腀lmaizumi腀and腀Tashiro腀cycles腀in腀80腅70腀ka腃腀because腀there

was腀a腀long腀quiescence腀for腀about腀forty腀to腀fifty腀thousands腀years腀between腀the腀Imaizumi腅

Tashiro腀cycles腀and腀the腀opening腀of腀Karayama腀and腀Ibusuki腀post腀caldera腀stratovolcanoes腄

腀腀Tephra腀of腀the腀Ikeda腀cycle腀5腀ka腀ago腀is腀petrologically腀similar腀to腀Tr腀P腀and腀Tr腀Pfl腀of腀the

Torihama腀cycle腀at腀the腀beginning腀of腀the腀multi腼cycle腩Fig腄50腪腄腀The腀Ikeda腀cycle腀may

indicate腀that腀another腀young腀multi腅cycle腀was腀opening腄
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Fig腄48腀Late腀Quaternary腀multi腼cycles腀of腀the腀Aira腃腀Ata腃腀and腀Kikai腀Caldera

腀腀腀腀腀腀Volcanoes
腀腀腀腀腀腀腀1腆Plinian腀stage腇2腆Large腼scale腀pyroclastic腀flow腀stage腇3腆Moderate腼

腀腀腀腀腀腀腀scale腀pyroclastic腀flow腀stage腇4腆Plinian腅eruptive腀cycle腇5腆Large腅scale

腀腀腀腀腀腀腀pyroclastic腀flow腀eruptive腀cycle腇6腆Moderate腅scale腀pyroclastic腀flow

腀腀腀腀腀腀腀eruptive腀cycle腇7腆Post腅caldera腀volcanism
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覾腖辉o镖閫resenting腀evolution腩荝譲9腖za覾腖z臝er
腀腀In腀the腀multi腅cycles腀of腀the腀Aira腀and腀Ata腀Calderas腃腀the腀volume腀percentage腀of腀pumice腀fall

to腀the腀total腀volume腀of腀tephra腀of腀individual腀cycles腀shows腀a腀tendency腀to腀decrease腀rapidly

after腀a腀plinian腀stage腩Fig腄50腪腄腀Ashy腀material腀rapidly腀increases腀during腀a腀large腅scale

pyroclastic腀flow腀cycle腩Fig腄50腪腄腀The腀tendency腀probably腀represents腀variation腀of腀pressure

in腀a腀large腀silicic腀magma腀chamber腄腀The腀plinian腀cycles腀probably腀resulted腀from腀pressure腀of

magma腀filling腀the腀chamber腃腀and腀the腀moderate腅pyroclastic腀flow腀cycles腀resulted腀from腀low

magma腀pressure腀which腀was腀rapidly腀lessened腀by腀a腀large腅scale腀pyroclastic腀flow腀cycle腩Fig腄
51腪腄
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腀腀The腀Ideka腩the腀Ata腀caldera腪and腀Moeshima腩the腀Aira腀Caldera腪cycles腃腀predominantly

rhyolite腀and腀dacite腀magma腃腀overlap腀in腀time腀with腀the腀andesite腀activity腀of腀post腼caldera

volcanoes腄腀Post腅caldera腀volcanoes腀should腀be腀governed腀by腀another腀small腀andesite腀magma

chamber腄
腀腀The腀Kikai腀Caldera腀has腀no腀plinian腀or腀moderate腼scale腀pyroclastic腀flow腀cycles腩Fig腄48腇

Table腀2腪腄腀High腀water腀pressure腀on腀the腀vent腀submerged腀under腀the腀deep腀sea腀may腀prevent

small腅and腀moderate腼scale腀eruptive腀columns腀penetrating腀the腀sea腄

Relationships腀between腀large腅scale腀eruptions腀and腀caldera腀formations

Ca腀l苆lera荶iOrmation苟荭ropetition腀of腀large腼sca腀le腀Pyroclastic腞ZOW腀cycles

腀腀The腀problem腀addressed腀in腀this腀section腀is腆how腀have腀the腀calderas腀evolved腀during
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腀腀腀腀腀腀腀volcanoes腩adapted腀from腀Aramaki腀and腀Ui腃1976腆Fukuyama腃1978腇Arai腀and腀Ma腅

腀腀腀腀腀腀腀chida腃1978腇Ono腀et腀al腄腃1982腇and腀Nagaoka腃1984腪
腀腀腀腀腀腀腀Tephra腀falls腀include腀pumice腀falls腃腀scoria腀falls腀and腀ash腀falls腀wi腄thout腀co腼ignimbrite

腀腀腀腀腀腀腀ash腀falls腄腀Tephra腀flows腀include腀pyroclastic腀flows腃腀pyroclastic腀surges腀and腀co腼

腀腀腀腀腀腀腀ignimbrite腀ash腀falls腄
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1 2

腀腀腀腀腀腀腀腀腀讈韞

4

5 Fig腄51腀Cartoons腀showing腀an腀eruptive腀multi腼cycle腀of腀a

腀腀腀腀腀腀腀caldera腀volcano

腀腀腀腀腀腀腀1腆Interval腀of腀quiescense腇2腆Plinian腀stage腇

腀腀腀腀腀腀腀3腆Large腅scale腀pyroclastic腀flow腀stage腇
腀腀腀腀腀腀腀4腆Moderate腅scale腀pyroclastic腀flow腀stage腇
腀腀腀腀腀腀腀5腆Post腅calera腀stage

腀腀As腀mentioned腀in腀chapter腀2腃腀Kagoshima腀Graben腀started腀to腀downfault腀in腀2腄9腀Ma腃腀and腀has

erupted腀many腀large腼scale腀pyroclastic腀flows腀during腀the腀Quaternary腀times腩Fig腄3腪腄腀This

suggests腀that腀an腀original腀caldera腀has腀existed腀before腀the腀Aira腀eruptive腀cycle腀of腀22腅21腀ka腄

腀腀The腀gentle腀inner腀slope腀of腀the腀eastern腀wall腀of腀the腀Aira腀Caldera腀is腀frequently腀covered

with腀older腀pyroclastic腀flow腀deposits腀than腀Ito腀Pf1腃腀including腀the腀Iwato腃腀Ata腃腀Kakuto腃腀and

Mobiki腀pyroclastic腀flow腀deposits腩Fig腄52腪腄腀Pleistocene腀marine腀and腀lacustrine腀sediments腃

including腀the腀Kekura腀Formation腀and腀the腀Kokubu腀Group腃腀thickly腀bury腀the腀caldera腀bottom

and腀valleys腀cutting腀the腀caldera腀wa11腄腀The腀evidence腀strongly腀indicates腀that腀a腀caldera腃腀or

caldera腼shaped腀depression腀existed腀in腀the腀middle腀Pleistocene腀at腀least腄腀The腀Aira腀Caldera

must腀have腀evolved腀during腀several腀large腼scale腀pyroclastic腀flow腀cycles腃腀including腀Terukuni腃

Mobiki腃腀Onobaru腃腀Fumoto腃腀Hayato腃腀N腀abekura腃腀Yoshino腃腀and腀Aira腃腀during腀the腀Quaternary

times腄腀Moreover腃腀the腀caldera腀has腀been腀also腀formed腀gradually腀by腀moderate腼scale腀cycles

between腀large腅scale腀pyroclastic腀flow腀cycles腄

Mode腀of腀caldera腀formation

腀腀The腀eastern腀caldera腀wall腀is腀the腀youngest腀in腀the腀Aira腀Caldera腃腀because腀the腀eruptive

centers腀of腀the腀last腀80腀ka腀concentrate腀on腀the腀eastern腀half腀of腀the腀caldera腄腀The腀eastern腀wa11
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is腀morphologically腀divided腀into腀the腀lower腀and腀upper腀parts腄腀The腀upper腀part腀of腀the腀wa11腃

300腼800mhigh腃腀is腀gentler腀and腀more腀dissected腀by腀valleys腀than腀the腀lower腀part腃腀and腀has

segmentated腀profiles腩Fig腄52腪腄腀Because腀the腀upper腀part腀is腀covered腀with腀Ito腀Pfl腃腀it腀was

formed腀before腀the腀Aira腀cycle腩Fig腄51腪腄腀The腀lower腀part腃1ess腀than腀300腀m腀high腃腀is腀much

steeper腀and腀less腀eroded腀than腀the腀upper腀part腄腀The腀lower腀part腀is腀not腀covered腀with腀Ito腀Pfl腄

From腀this腀evidence腃腀it腀is腀inferred腀that腀the腀upper腀part腀is腀the腀caldera腀wall腀older腀than腀Ito

Pfl腀and腀that腀the腀lower腀part腀was腀mainly腀formed腀during腀the腀Aira腀cycle腄

腀腀Atentative腀model腀of腀caldera腅forming腀in腀the腀late腀Quaternary腀is腀as腀follows腆before腀the

襖
菐

腀km
20

VVakamiko
Catdera

Fig腄52腀Geological腀cross腅sections腀of腀the腀Aira腀Caldera腃腀adapted腀from腀Aramaki腩1969腃

腀腀腀腀腀腀腀1977腃1983腃1984腪腃Chujo腀and腀Murakami腩1976腪Oki腀and腀Hayasaka腩1970腪腃
腀腀腀腀腀腀腀Hayasaka腀and腀Oki腩1971腪腃腀Hayasaka腩1982腪腃腀and腀Otsuka腀and腀Nishiinoue腩1980腪

腀腀腀腀腀腀腀A腆Alluvium腇R腆Ejecta腀of腀Sakurajima腀Volcano腇V腆Lata腀Pleistocene腀to
腀腀腀腀腀腀腀Holocene腀lava腀dome腇E腆Moeshima腀pyroclastic腀flows腇1腆Tsumaya腀and腀Ito
腀腀腀腀腀腀腀Pyroclastic腀fiows腇W腆Iwato腀pyroclastic腀flows腇Q腆Ata腀pyroclastic腀flows腇K腆

腀腀腀腀腀腀腀Kakuto腀pyroclastic腀fiow腇L腆Early腀to腀middle腀Pleistocene腀lava腇Y腆Yoshino

腀腀腀腀腀腀腀pyroclastic腀flows腇M腆Mobiki腀pyroclastic腀flows腇N腆Nabekura腀pyroclastic
腀腀腀腀腀腀腀flows腇F腆Kekura腀Formation腇T腆Terukuni腀pyroclastic腀flows腇S腆Shimanto
腀腀腀腀腀腀腀Supergroup
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Aira腀cycle腃腀the腀caldera腀bottom腀was腀higher腀than腀the腀present腀but腀lower腀than腀break腼in腅slope

between腀upper腀and腀lower腀slopes腩Fig腄51腼1腀and腅2腪腃腀The腀bottom腀subsided腀although腀the

eastern腀wall腀did腀not腀withdraw腀horizontally腀during腀the腀Aira腀cycle腩Fig腄51腼3腀and腼4腪腄腀The

terraced腀slopes腀of腀upper腀part腀may腀represent腀intermittent腀subsidence腀of腀caldera腀bottom

during腀the腀early腀to腀middle腀Pleistocene腄

腀腀The腀steep腀western腀wall腃腀composed腀of腀thick腀lava腃腀may腀have腀been腀withdrawn腀during腀the

Aira腀cycle腃腀because腀it腀is腀not腀covered腀with腀the腀pyroclastic腀flow腀deposit腄

腀腀The腀frequent腀subsidences腀of腀the腀Aira腀Caldera腀have腀probably腀taken腀place腀in腀the腀same

area腀during腀the腀Quaternary腄腀The腀position腀and腀the腀size腀of腀the腀caldera腀may腀be腀determined

by腀the腀geological腀structure腀of腀the腀graben腄

7腄Conclusions

1腪The腀calderas腀of腀Kagoshima腀Graben腀have腀generated腀a腀large腀amount腀of腀tephra腅fall腀and

tephra腼flow腀deposits腀during腀the腀late腀Quaternary腩Fig腄53腪腄腀More腀than腀twenty腀tephra腼fall

members腀are腀identified腄腀They腀are腀composed腀of腀both腀pumice腀fall腀and腀ash腀fall腀layers腄腀Most

of腀eruptive腀centers腀of腀the腀late腀Quaternary腀are腀concentrated腀in腀the腀eastern腀half腀of腀the腀Aira

Caldera腀and腀in腀the腀northern腀half腀of腀the腀Ata腀Caldera腄

2腪The腀silicic腀volcanism腀is腀characterized腀by腆腩a腪Large腅scale腀pyroclastic腀flows腀and腀the

associated腀co腼ignimbrite腀ash腀falls腀occurred腀as腀a腀result腀of腀rapid腀supply腀of腀a腀large腀quantity

of腀magmatic腀material腃腀and腀of腀the腀formation腀of腀eruptive腀columns腀more腀than腀30腀km腀high腄

The腀eruption腀of腀pyroclastic腀material腀is腀an腀important腀factor腀in腀the腀formation腀of腀calderas腄

腩b腪Tephra腀layers腀were腀generated腀during腀phreatomagmatic腀and腀phreatoplinian腀eruptive

phases腀which腀preceded腀large腼scale腀pyroclastic腀flow腀phases腄腀The腀evidence腀for腀interaction

with腀water腀suggests腀that腀a腀caldera腅like腀depression腀filled腀with腀water腀had腀been腀formed

before腀the腀last腀large腅scale腀pyroclastic腀flow腀cycle腄

3腪The腀eruptive腀cycles腀in腀the腀late腀Quaternary腀are腀classified腀into腀four腀types腆腩a腪plinian

cycles腩composed腀of腀a腀single腀plinian腀phase腃腀or腀a腀plinian腀phase腀followed腀by腀moderate腅scale

pyroclastic腀flow腀phases腪腃腩b腪large腼scale腀pyroclastic腀flow腀cycles腩composed腀of腀plinian腃

phreatomagmatic腃腀moderate腅scale腀pyroclastic腀flow腃腀and腀large腅scale腀pyroclastic腀flow

phases腪腃腩c腪moderate腅scale腀pyroclastic腀flow腀cycles腩composed腀of腀a腀single腀moderate腼scale

pyroclastic腀flow腀phase腪腃腀and腩d腪small腅scale腀cycles腩composed腀of腀vulcanian腃腀strombolian腃

and腀lava腀flow腀phases腪腄腀In腀the腀Aira腀and腀Ata腀Calderas腃腀several腀plinian腀cycles腀occurred

intermittently腀for腀105腀years腀preceding腀large腼scale腀pyroclastic腀flow腀cycles腄腀The腀Iarge腼scale

pyroclastic腀flow腀cycle腀is腀followed腀by腀a腀few腀moderate腅scale腀pyroclastic腀flow腀cycles腀for腀104

years腄腀Small腅scale腀cycles腀then腀take腀place腀at腀post腼caldera腀volcanoes腄腀These腀cycles腀com腼

pose腀a腀eruptive腀multi腅cycle腀that腀continues腀for腀5腅8腾104腀years腄腀During腀a腀large腅scale

pyroclastic腀flow腀cycle腃腀the腀volume腀percentage腀of腀pumice腀fall腀deposits腀relative腀to腀the腀total

volume腀of腀tephra腀shows腀a腀tendency腀to腀decrease腀rapidly腄腀The腀tendency腀may腀suggest

evolution腀of腀a腀magma腀chamber腇the腀pressure腀of腀magma腀gradually腀increases腀in腀plinian

cycles腀and腀rapidly腀decreases腀at腀a腀Iarge腅scale腀pyroclastic腀flow腀cycle腄腀The腀Kikai腀Caldera腃

which腀is腀deeply腀submerged腃腀is腀an腀exception腀to腀the腀general腀pattern腃腀and腀has腀no腀plinian腀or

moderate腅scale腀pyroclastic腀flow腀cycles腀because腀of腀high腀hydraulic腀pressure腀on腀the腀vents腄
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4腪The腀calderas腀in腀Kagoshima腀Graben腀were腀not腀generated腀by腀only腀one腀large腅scale

pyroclastic腀flow腀cycles腃腀but腀have腀been腀formed腀by腀several腀cycles腀and腀multi腼cycles腄腀There

is腀good腀evidence腀that腀the腀Aira腀Caldera腀existed腀before腀the腀Kakuto腀pyroclastic腀flow腀cycle

of腀40腼20腀ka腄腀A腀late腀Quaternary腀multi腼cycle腀in腀the腀Aira腀Caldera腀caused腀primarily腀sub腼

sidence腀of腀the腀bottom腀of腀the腀caldera腄腀A腀slight腀withdrawal腀of腀the腀wall腀also腀occurred腄
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腀腀on腄Arc腀Volcanis腖z腃腀Volcanol腄腀Soc腄腀Japan腃腀Tokyo腃184腅185腄

腀腀腀腀腩1982腪腆Geology腀of腀Sakurajima腀volcano腇areviews腄腀Bull腄腀Vo腀lcano腀1腄腀Soc腄荭bpan腃腀Ser腄2腃27腃

腀腀277腼292腄

腀腀腀腀腩1986腪腆Volcanism腀and腀pyroclastic腀flows腀of腀Sakura腅jima腀Volcano腄腀In腀Aramaki腃腀S腄腩ed腄腪

腀腀腧Ka2an腼hunh腀z腀ni腀tomonau腀h腀znsou腼huntair腄荜u腀no腀tokushitu腀to腀saigai腨腃137腼163

腀腀腀腀and腀Fukuyama腃腄腩1984腪腆Tephrochronology腀of腀Sakurajima腀volcano腩abstract腪腄腀Bblll腄腀Vol腼

腀腀canol腄腀Soc腄荭mPan腃腀Ser腄2腃29腃322腄膖

腀腀腀腀and腀Hayakawa腃腀Y腄腩1984腪腆Geology腀of腀Kikai腀caldera腃腀Japan腄腀In腀Ui腃腀T腄腀and腀Walker腃腀G腄P腂L
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腀腀腩ed腄腪腧A腀Progress腀1腠ej荅o菁t腩腠腞the花f腄腀S腄裪荭44腪an腀CooPerative腀Science腀PrQgram腼腵莌b膉6莿醽zo蝳荢of腀the

腀腀Koya腞4sh腀Flow腀腃13腅14腄

腀腀腀腃腀and腀Aramaki腃腀S腄腩1983腪腆Thickness腀and腀grain腅size腀distribution腀of腀the腀Osumi腀pumice腀fall

腀腀deposit腀from腀the腀Aira腀caldera腄腀Bull腄菁臝1鑀菅01腄腀Soc腄荭趻莿菅腃腀Ser腄2腃28腃129腅139腄

腀腀腀腃Iwamatsu腃腀A腄腀and腀Tsuyuki腃腀T腄腩1977腪腆Volcanic腀geology腀of腀the腀Aira腀caldera腀wall腀and腀slope

腀腀disasters腀which腀recently腀occurred腀on腀it腄腀Rep腄腀Fac腄腀Sci腄腃腀Kagoshima腀Univ腄腩Earth腀Sci腄腀and腀Bio腀1腪腃

腀腀10腃53腼57腄膖荺

Kuwano腃腀Y腄腃腀Gohara腃腀Y腄腀and腀Matsui腃腀T腄腩1959腪腆Geology腀of腀the腀Osumi腀Peninsula腩preliminary

腀腀report腪腄荭辠苯s腄腀Rep腄1腠es腄腀Inst腄2膄ntu腀ral莀腠esources腃49腃59腂82腄膖膖

Kuwashiro腃1腄腩1964腪腆On腀the腀proto腅caldera腄荭bur腄腀Geogr腄腀Soc腄7b腘yo腃73腃114腅120腄膖

腀腀腀腀腩1970腪腆Astudy腀on腀the腀Aira腀caldera腄腀Chiran腀Bunha腃7腃1腅22腄膖

Machida腃腀H腄腩1969腪腆Geomorphology腀of腀Satsunan腀Islands腄腀In腀Hirayama腃腀T腄腩ed腄腪腥Studies腀on

腀腀SatSunan腀Islands腨腃腀Meijishoin腃腀Tokyo腃20腅52腄膖

腀腀腀腀腩1977腪腆Tephrochronology腄腀In腀Japan腀Assoc腄腀Quart腄腀Res腄腩ed腄腪腧The腀Quaternary腀Pen腦od腦

腀腀Recent腀Studies腀in荭趻莿菅腨腃腀Tokyo腀Univ腄腀Press腃腀Tokyo腃59腼68腃373腼391腄膖

腀腀腀腀and腀Arai腃腀F腄腩1976腪腆Awidespread腀volcanic腀ash腼discovery腀of腀Aira腅Tn腀ash腀and腀its腀signifi腅

腀腀cance腄腀Kagaleu腃46腃339腼347腂膖

腀腀腀腀and腀腀腩1978腪腆Akahoya腀ash腼a腀widespread腀tephra腀erupted腀from腀the腀Kikai腀caldera腃腀south腼

腀腀ern腀Kyushu腃腀Japan腄腀Quat腄腀Res腄腩7al腴an荭腃17腃143腅163腄膖膖

腀腀腀腀and腀腀腩1983腪腆Late腀Pleistocene腀widespread腀tephra腀from腀the腀Kikai腀caldera腆new腀units腀and

腀revision腀of腀age腀estimates腀on腀several腀large腅scale腀pyroclastic腀flow腀deposits腀in腀Kyushu腩abstract腪腄

腀Bull腄腀Vo腀lcanol腄腀Soc腄荭4Pan腃腀Ser腄2腃28腃206腂膖

腀腀腀腃腀腀and腀Momose腃腀M腄腩1985腪腆Aso腅4腀ash腆awidespread腀tephra腀and腀its腀implications腀to腀the

腀events腀of腀Late腀Pleistocene腀in腀and腀around腀Japan腄腀Bull腄腵Volcanol腄腀Soc腄荭Lxi腪an腃腀Ser腄2腃30腃49腅70腄膖膖

腀腀腀腃腀腀and腀Nagaoka腃腀S腄腩1983腪腆Acorrelation腀of腀marine腀terraces腀in腀southern腀Kyushu腀and

腀southern腀Kanto腀by腀widespread腀tephra腀layers腄腀A腀bs腀tractS腩荝荭趻莿菅臚4ssoc腄腀Quat腄腀Res腄腃13腃45腼46腄膖

Matumoto腃腀T腄腩1937腪腆A腀subMarine腀eruption腀off腀lwo腀lsland腀and腀geology腀of腀volcanoes腀around腀the

腀腀e腵uPtive腀center腄腀Bull腄1腞blcanol腄腀Soc腄荭4醽腪莿菅腃腀Ser腄1腃3腄144腅162腄膖腀腀腦

腀腀腀腀腩1943腪腆The腀four腀gigantic腀caldera腀volcanoes腀of腀Kyushu腄荭mPanese腞bur腄腀Geol腄腀Geogr腄腃19腃57腄

Miyachi腃腀M腄腩1983腪腆Fission腅track腀ages腀of腀some腀large腅scale腀pyroclastic腀flow腀deposits腀in腀southern

腀腀Kyushu腃腀J腀apan腄腀Rep腄腀Earth腀Sci腄腃腀Co腀11腄腀Gen腄腀Educ苨Kvashu腀Univ腄腃23腃1腅8腄

腀腀腀腀腩1987腪腆Correlations腀of腀the腀pyroclastic腀flow腀deposits腀in腀southern腀Kyushu腃腀Japan腄腀In

腀腀Matumoto腄腀Y腄腀et腀al腄腩ed腄腪腧Vari腦ous腀Topics腩荝the腀Late腀Cenozoic腀Vo腀lcaniSm腀in腀Kpmshu腃荭mPan腨腃

腀腀the腀Association腀for腀the腀Geological腀Collaboration腀in腀Japan腃225腅233腄

Moriwaki腃腀H腄腃腀Machida腃腀H腄腃腀Hatsumi腃腀Y腄腀and腀Matsushima腃腀Y腄腩1986腪腆Phreatomagmatic腀erup腅

腀腀tions腀affected腀by腀Postglacial腀transgression腀in腀the腀northern腀coastal腀area腀of腀Kagoshima腀Bay腃

腀腀southern腀Kyushu腃腀J腀apan腄荭bur腄腀Geogr腄腩荭趻莿菅荭腃95腃94腅113腄膖膖

Nagaoka腃腀S腄腩1984腪腆Late腀Pleistocene腀tephrochronology腀in腀the腀region腀from腀the腀Osumi腀Peninsula

腀腀to腀the腀Miyazaki腀Plain腃腀South腀Kyushu腄荭bur腄腀Geogr腄腩7apan腪腃93腃347腅370腄膖膖

Nagaoka腃腀S腄腩1986腪腆The腀landform腀evolution腀of腀the腀late腀Pleistocene腀in腀the腀Miyazaki腀Plain腃腀South

腀腀Kyushu腃腀Japan腄腀Quat腄腀Res腄腩闗雜雜腃25腃139腅163腃膖膖

腀腀腀腀腩1988腪腆Asilicic腀pyroclastic腼flow腀eruption腀and腀pyroclastic腀surge腀from腀the腀Kikai腀caldera腀in

腀腀the腀Last腀Interglacial腀Stage腄荭bzar腃腄腀Geogr腄腩荭41腪莿菅荭腃97腃32腼45腄膖膖

Nakamura腃腀K腄腃腀Aramaki腃腀S腄腀and腀Murai腃1腄腩1963腪腆Volcanic腀eruption腀and腀nature腀of腀the腀pyroclastic

腀腀deposits腄腀Quat腄腀Res腄腩7apan腪腃3腃13腂30腄膖膖

Nakamura腃腀M腄腩1967腪腆On腀the腀volcanic腀products腀and腀history腀of腀Kaimon腼dake腀volcano腄腀Bull腄

腀腀Vo腀lcanol腄腀Soc腄荭mPan腃腀Ser腄2腃12腃119腼131腄膖膖

腀腀腀腀腩1971腪腆Petrology腀of腀Kaimon腅daka腀volcano腄荭bur腄腀Geol腄腀Soc腄荭趻莿菅腃77腃359腼364腄膖膖

腀腀腀腀腩1980腪腆Possibility腀of腀new腀volcanic腀activity腀at腀Ibusuki腀volcanic腀field腃腀Kyushu腃腀Japan腄腀Bull腄

裪119裪



腀腀Vo腀lcanol腄腀Soc腄荭4莁腴an腃腀Ser腄2腃25腃195腅205腄膖膖

Nakata腃腀T腄腩1968腪腆The腀coastal腀terraces腀of腀the腀Tane腼ga腼shima腀Island腀and腀the腀mode腀of腀its腀crustal

腀腀movement腄腀Geogr腄腀Rev腄荭趻莿菅腃41腃601腅614腄膖膖

腀腀腀腀腩1980腪腆Late腀Quatemary腀tectonics腀of腀the腀northern腀Ryukyu腀Arc腃腀estimated腀from腀terrace

腀腀surface腀deformation腃腥腥Professor腀Kasuke腄腱腭ishimura腀Commemorative莌腵olume腦腃腀Tohoku腀Univ腄腃

腀腀Sendai腃105腅110腄膖

Naruo腃腀E腄腀and腀Kobayashi腃腀T腄腩1983腪腆The腀volcanism腀after腀the腀Ata腀pyroclastic腀flow腀in腀Ibusuki

腀腀area腄腀A腀bs腀tractS腀in腀the腀90th腀Congress腀Geo腀l腄腀Soc腄荭4苤莿菅腃309腄膖

腀腀腀腀and腀腀腩1984腪腆Pyroclastic腀fall腀deposits腀from腀the腀Ikeda腀caldera腩abstract腪腄腀Bull腄腀Volcanol腄

腀腀Soc腄荭4Pan腃腀Ser腄2腃29腃148腄荺

Oki腃腀K腄腩1974腪腆Quaternary腀stratigraphy腀in腀the腀western腀part腀of腀Kagoshima腀City腃腀South腀Kyushu腃

腀腀Japan腄1腠ep腄腀Fac腄腀Sci腄腃腀Kagoshi腖vz観Tniv腄腩Earth腀Sci腄腀and腀Bio1腄腪腃7腃15腼22腄膖膖

腀腀腀腀and腀Hayasaka腃腀S腄腩1970腪腆Quaternary腀stratigraphy腀in腀the腀northern腀part腀of腀Kagoshima腀City腄

腀腀1腠eP腄腀Fac腄腀Sci腄腃腶Kagoshi腖za腀観lniz荭腄腩Eherth腀Sci腄腀and腀Bio腀1腄荭腃3腃67腼92腄膖膖

腀腀腀腀and腀腀腩1973腪腆Note腀on腀a腀peculiar腀mode腀of腀occurrence腀of腀the腀pyroclastic腀flow腀deposits腀in

腀腀Kagoshima腀Prefecture腃腀South腀Kyushu腃腀Japan腄1腠ep腄腀Ekerth腀Sci苨Kagoshima腀Univ腄腃5腅6腃7腅17腄膖膖

Ono腃腀K腄腃腀Matsumoto腃腀Y腄腃腀Miyahisa腃腀M腄腃腀Teraoka腃腀Y腄腀and腀Kambe腃腀N腄腩1977腪腆Geology腀of腀the腀Taleeta

腀腀Dis腦腀trict腄腀Quadrangle腀S菆菅腦es腃腀Scale腀1腆50腃腀000腃腀Geol腄腀Surv腄腀J腀apan腃145p腄鍚

腀腀腀腀腃Soya腃腀T腄腀and腀H腀osono腃腀T腄腩1982腪腆Geology芰the腀Satsu腖za腼lo腼li腖va腀Distri腦ct腄腀Quadrangle腀Seri膋es腃

腀腀Scale腀1腄腦50腃000腃腀Geol腄腀Surv腄腀Japan腃80p腄膖膖

Ota腃腀R腄腩1963腪腆1腄腦50腃000腀Geol腩腠gical腀Map腀Tarumi2u腨and腀Exp腀lana腀to腀iry腀Text腄腀Geol腄腀Surv腄腀Japan腃

腀腀25P腄膖膖

腀腀腀腀腩1966腪腆Geological腀report腀on腀Ibusuki腀district腃腀Kagoshima腀Prefecture腃腀Bu腖腄腀G菆01腄腀Surw腄荭mpan腃

腀腀17腃129腼139腄膖膖

腀腀腀腀腩1967腪腆Geology腀Of腀the腄躥荵腖遦臧1腪istrict腄腀Quadrangle腀S菆菅腋菆s腃腀Scale腀1腄腦50腃000腃Geol腄腀Surv腄腀J腀apan腃

腀腀13P腄膖膖

腀腀腀腀and腀Kawachi腃腀H腄腩1965腪腆1腄r50腃000腀Geological腀Map腥腥Kanoya腨and腀Emp腀lana腀to腀7ry腀Text腄腀Geo1腄

腀腀Surv腄腀Japan腃56p腄膖膖

腀腀腀腀and腀Kino腃腀Y腄腩1965腪腆1腄腦50腃腀OOO腀Geol臝gical腀Map腥腥Shibushi腨and腀ll腪xplanatory腀Text腄腀Geol腄腀Surv腄

腀腀Japan腃25p腄膖膖

腀腀腀腀腃Koriyama腃腀S腄腀and腀Wakimoto腃腀Y腄腩1967腪腆Geological腀Classzfication腩荝腥Shirasu腦菄Kagoshima

腀腀Prefecture腀Government腃43p腄膖

Otofuji腃腀Y腄腀and腀Matsuda腃腀T腄腩1983腪腆Paleomagnetic腀evidence腀for腀the腀clockwise腀rotation腀of
腀腀South腼west腀Japan腃腀Earth腀Plznet腄腀Sci腄腀Lett腄腃62腃349腅359腄

Otsuka腃腀H腄腀and腀Nishiinoue腃腀T腄腩1980腪腆Quaternary腀geology腀of腀the腀coastal腀area腀north腀of腀Kago腼

腀腀shima腀Bay腃腀South腀Kyushu腃腀Japan腄腀Rep腄腀Fac腄腀Sci腄腃腀Kagoshi腖va観lniv腄鎭顝Sci腄腀and腀Biol腄荭腃13腃

腀腀35腼76腄膖膖

Sakaguchi腃腀K腄腀and腀Ui腃腀T腄腩1979腪腆Revised腀stratigraphy腀for腀Quaternary腀pyroclastic腀deposit腀at

腀腀Nej腀ime腀area腃腀Southern腀Kyushu腩abstract腪腄腀Bu腖腄腀Vo腀lcanol腄腀Soc腄荭趻莿菅腃腀Ser腄2腃24腃187腄膖

腀腀腀腀and腀腀腀腩1983腪腆Capture腀of腀lithic腀fragments腀during腀flowage腀of腀a腀pyroclastic腀flow腼a腀case

腀腀study腀in腀the腀Tashiro腀pyroclaStic腀flow腃腀southern腀Kyushu腄腀Bull腄腀Vo腀lcanol腄腀Soc腄荭4菏莿菅腃腀Ser腄2腃28腃

腀腀317腼320腄膖

Sato腃腀K腄腃腀Aramaki腃腀S腄腀and腀Sato腃腀J腄腩1972腪腆Discrepant腀results腀of腀C14腀and腀fission腀track腀datings腀for

腀腀some腀volcanic腀products腀in腀southern腀Kyushu腄腀Geochem腃荭bur腄6腃11腼16腄

Sawada腃腀S腄腃腁腀Tanaka腃腀T腄腀and腀Kishi腃腀K腄腩1984腪腆ESR腀dating腀of腀gouge腀and腀volcanic腀ashes腃腀and腀the

腀腀observation腀of腀the腀surfaces腀of腀their腀quartz腀grains腄腀A腀bs腀tracts腀in腀the腀91腀th腀Co腀ngresS腃0菆01腄腀Soc腄

腀荭4膂腪an腃564腄膖

Sawamura腃腀K腄腩1956腪腆1腄腦50腃000腀Geological腀Map腥腥Kokubu腨and腀E苤腉覾莿腦07y腀Text腄腀Geol腄腀Surv腄

腀腀Japan腃19P腄韑
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Self腃腀S腄腀and腀Sparks腃腀R腄J腄S腄腩1978腪腆Characteristics腀of腀widespread腀pyroclastic腀deposits腀formed腀by

腀腀the腀interaction腀of腀silicic腀magma腀and腀water腄腀Bu腖腄腀Volcanol腄腃41腩3腪腃1腅17腄

Seno腃腀T腄腩1977腪腆The腀instanceous腀rotation腀vectors腀of腀the腀Philippine腀Sea腀Plate腀relative腀to腀the

腀腀Eurasian腀Plate腃腀Tectonophysics腃42腃209腼226腄

Shibata腃腀K腄腃腀Ono腃腀K腄腃腀Hayasaka腃腀S腄腃腀Oki腃腀K腄腀and腀Yamamoto腀M腄腩1978腪腆K腼Ar腀age腀of腀the腀Terukuni

腀腀pyroclastic腀flow腀underlying腀Kagoshima腀City腃腀southern腀Kyushu腄荭bur腄腀Geol腄腀Soc腄荭4pan腃84腃
腀腀551腼553腄膖腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀腀I

Shiono腃腀K腂腃腀Mikumo腃腀T腄腀and腀Ishikawa腃腀Y腄腩1980腪腆Tectonics腀of腀the腀Kyushu腅Ryukyu腀Arc腀as

腀腀evidenced腀from腀seismicity腀and腀focal腀mechanism腀of腀shallow腀to腀intermediate腼depth腀earthquakes腄

腀腀荭臝z腖r腄Phys腄腀Earth腃28腃17腼43腄

Sorem腃腀R腄K腄腩1982腪腆Volcanic腀ash腀clusters腆tephra腀raft腀and腀scavengers腄荭bur腄腀Vo腀lcanol腄腀Geotherm腄

腀腀1腠es腄腃13腃63腅71腄

Sparks腃腀R腄S腄J腄腀and腀Walker腃腀G腄P腄L腄腩1977腪腆The腀significance腀of腀vitric腼enriched腀air腼fall腀ashes

腀腀associated腀with腀crystal腼enriched腀ignimbrites腄荭bzar腄腀Vo腀lcanol腄腀Geotherm腄腀Res腄腃2腃329腼341腄

Suzuki腼Kamata腃腀K腄腩1988腪腆The腀ground腀layer腀of腀Ata腀pyroclastic腀flow腀deposit腃腀southern腀Japan

腀腀腼evidence腀for腀the腀capture腀of腀lithic腀fragments腄腀Bull腄腀y臝见菅01腄腃50腃119腼129腄

Suzuki腃腀K腂腀and腀Ui腃腀T腄腩1981腪腆Flow腀lineation腀of腀the腀Ata腀pyroclastic腀flow腀deposit腃腀southern

腀腀Kyushu腃腀Japan腄腀Bull腄腀Volcanol腄腀Soc腄荭趻莿菅腃腀Ser腄2腃26腃57腅68腄膖膖

Suzuki腃腀K腄腀and腀Ui腃腀T腂腩1982腪腆Grain腀orientation腀and腀depositional腀ramps腀as腀flow腀direction腀indica腼

腀腀tors腀of腀a腀large腼scale腀pyroclastic腀flow腀deposit腀in腀Japan腄腀Geol腩腪gy腃10腃429腼432腄

腀腀腀腀and腀腀腩1988腪腆Depositional腀ramps腆asymmetric腀distribution腀structure腀in腀the腀Ata腀pyroclas腅

腀腀tic腀flow腀deposit腃腀Japan腄腀Bull腄腀Volcanol腄腃50腃26腼34腄

Tajima腃腀H腄腀and腀Aramaki腃腀S腄腩1980腪腆Bouguer腀gravity腀anomaly腀around腀Kirishima腀volcanoes腃
腀腀Kyushu腄腀Bblll腄腀Etirthqualee腀1腠es腄腀Inst腄腃腀Univ腄腀To腘yo腃55腃241腼257腄膖膖

Taneda腃腀S腄腩1954腪腆Geological腀and腀petrological腀studies腀on腀the腧Shirasu腨in腀south腀Kyushu腃腀Japan腃

腀腀Part腀I腄腀Preliminary腀note腄腀Mem腄腁Fac腄腀Sci腄腃腀KVashu観Tniv腄腃腀Ser腄腀D腃4腃167腼177腄

腀腀腀腀腩1957腪腆Geological腀and腀petrological腀studies腀on腀the腧Shirasu腨in腀south腀Kyushu腃腀Japan腄腀Part腀II腄

腀腀Preliminary腀note腩2腪腄腀Mem腄腀Fac腄腀Sci腄腃腀KVashu観lniv腄腃腀Ser腄1腪腃6腃91腼105腄

腀腀腀腀and腀Irisa腃腀S腄腩1966腪腆The腀Aira腀and腀Ata腀pyroclastics腀of腀south腀Osumi腀district腄腀Sci腄腀Rep腄

腀腀Shimabara腶lnst腄腀Volcanology腀and腀Balneology腃腀Fac腄腀Sci腄腃腀Kyashu腀Univ腄腃2腃11腼21腄膖

腀腀腀腀and腀Miyachi腃腀M腄腩1969腪腆The腀pyroclastic腀flows腀in腀the腀Goino腀area腃腀Kagoshima腀City腃腀Kyushu腃

腀腀Japan腄腀Bull腄腵Volcanol腄腀Soc腄荭4膂腪an腃腀Ser腄2腃14腃21腼28腄膖膖

腀腀腀腃腀腀and腀Nishihara腃腀M腄腩1957腪腆Geological腀and腀petrological腀studies腀of腀the腧Shirasu腨in
腀腀South腀Kyushu腃腀Japan腃腀Part腀III腄腀Mem腄腀Fac腄腀Sci腄腃菈y釩见Univ腄腃腀Ser腄腀D腃6腃107腼127腄

Terashima腃腀S腄腃腀Inuzuka腃腀S腄腃腀Tsutsui腃腀T腄腀and腀Aoyama腃腀T腄腩1979腪腆On腀the腀subterraneous腀geological

腀腀structure腀in腀the腀Nansatsu腀plateau腼with腀special腀reference腀to腀an腀interpretation腀technique腀of

腀腀geophysical腀data腄腀Min腄腀Geol腄荭41腪an腄腃29腃257腼264腄膖膖

Torii腃腀M腂腃腀Hayashida腃腀A腄腀and腀Otofuji腃腀Y腄腩1985腪腆Rotation腀of腀the腀South腼west腀Japan腀and腀formation

腀腀of腀the腀Sea腀of腀Japan腄1腩辢醦腘z6腃55腃47腼52腄膖

Tsuyuki腃腀T腄腩1969腪腆Geological腀study腀of腀hot腀springs腀in腀Kyushu腃腀Japan腩5腪腆Some腀hot腀springs腀in腀the

腀腀Kagoshima腀Graben腃腀with腀special腀reference腀to腀thermal腀water腀reservoir腄鉮菏腄腀Fac腄腀Sci腄腃1腩辢go腼

腀腀shima腀Univ腄腩Earth腀Sci腄腀and腀Biol腄荭腪腃2腃85腼101腄膖膖

Ui腃腀T腄腩1967腪腆Geology腀of腀Ibusuki腀area腃腀southern腀Kyushu腃腀Japan腄荭bur腄腀Geol腄腀Soc腄荭mPan腃73腃

腀腀477腼490腄膖

腀腀腀腀腩1971腪腆Genesis腀of腀magma腀and腀structure腀of腀magma腀chamber腀of腀several腀pyroclastic腀flows腀in

腀腀Japan腄荭臝z腖c腄腀Fac腄腀Sci腄腃観lniv腄腀Tok腆荜o腃腀Ser腀IZ腃18腃53腼127腄

腀腀腀腀腩1973腪腆Exceptionally腀far腼reaching腃腀thin腀pyroclastic腀flow腀in腀southern腀Kyushu腃腀Japan腄腀Bull腄

腀腀Volcanol腄腀Soc腄荭4膂腪an腃腀Ser腄2腃18腃153腼168腄

腀腀腀腃Suzuki腃腀K腄腃腀Walker腃腀G腄P腄L腄腃腀McBroom腃腀L腄A腄腀and腀Caress腃腀ME腄腩1984腪腆Flow腀liniation腀of腀Koya

腁
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腀腀low腼aspect腀ratio腀ignimbrite腃腀South腀Kyushu腄腀In腀Ui腃腀T腀and腀Walker腃腀G腄P腄L腄腩ed腄腪腥腥A腀Progress

腀腀Rel腪ort腀q腙腨z菆腀観観S腄裪荭4膂腪an腀CooPeratit腞e腀S腩腆ience腀Progra腖z腃腀腵莌b趟腰莿膓o蝳y腩荝the腀1腩臝荢莿腞lsh腀Flow腀腃

腀腀5腼8腄

Walker腃腀GP腄L腄腩1973腪腆Explosive腀volcanic腀eruptions腼a腀new腃腀classification腀scheme腄腀G菆01腄1腠und腼

腀腀sch腄腃62腃431腅446腄

腀腀腀腃McBroom腃腀L腄A腄腀and腀Caress腃腀M腄E腄腩1984腪腆Products腀of腀the腀Koya腀eruption腀from腀the腀Kikai

腀腀caldera腃腀Japan腄腀In腀Ui腃腀T腄腀and腀Walker腃腀G腄P腄L腄腩ed腄腪腥腥A腀Progress腀Report腀q腙the腀U腄S腄裪荭趻誤

腀腀Coo臧腴erative腀Science腀Progra腖z腃腀Vo腀lcanolog荜芰the腀1腩臝荣莿Ash腀Flow腨腃3腼8腄

腀腀腀腃Wilson腃腀C腄J腄N腄腀and腀Froggatt腃腀P腄C腄腩1981腪腆An腀ignimbrite腀veneer腀deposit腆the腀tail腀marker腀of

腀腀apyroclastic腀flow腄荭bur腄腀Volcanol腄腀Geother腖z腄腀Res腄腃9腃409腅412腄

Watanabe腃腀K腄腩1985腪腆Ata腀pyroclastic腀now腀deposit腀in腀the腀Hitoyoshi腀Basin腃腀Kumamoto腀Prefec腼

腀腀ture腄荭lfem腄腀Fac腄腀Educ腄腀Kumamoto腀Uniz荭腄腩Natural腀S莿腋erce荭腃34腃55腅62腄膖膖

Wright腃腀J腄V腄腀and腀Walker腃腀G腄P腄L腄腩1977腪腆The腀ignimbrite腀source腀problem腆significance腀of腀a

腀腀co腅ignimbrite腀lag腅fall腀deposit腄腀Geolog荜腃5腃729腼732腄

Yamaguchi腃腀K腄腩1937腪腆Petrographical腀studies腀on腀the腧Haiishi腨around腀northern腀Kagoshima腀Bay腃
腀腀Part腀I腄荭臝z腖腄腀Geol腄腀Soc腄腀Japan腃44腃745腼773腄膖

腀腀腀腀腩1938a腪腆Petrographical腀studies腀on腀the腧Haiishi腨around腀the腀northem腀Kagoshima腀Bay腃腀Part

腀腀II腃腀III腃腀IV腀and腀V腄荭bur腃腀Geol腄腀Soc腄荭苌莿菅腃45腃227腅246腃277腼286腃329腅341腃537腅551腄膖

腀腀腀腀腩1938b腪腆Petrographical腀studies腀on腀pumice腀around腀Kagoshima腀Bay腄腀Part腃1腃腀II腃腀III腀and腀IV腄

腀荭bz腖r腄腀G菆01腄腀Soc腄荭4pan腃45腃694腅701腃737腼744腃782腅790腃833腅843腄

Yokoyama腃腀S腄腩1970腪腆Geomorphology腀of腀the腀Ito腀pyroclastic腀flow腀deposit腀to腀the腀north腀of腀the腀Aira

腀腀caldera腄腀Geogr腄1腠ev腄荭4膂腪莿菅腃43腃464腼482腄膖膖

腀腀腀腀腩1972腪腆Flow腀and腀Emplacement腀Mechanism腀of腀Ito腀Pyroclastic腀Flow腀in腀Southern腀KyuShu腃

腀腀Japan腄腀Tole腆荜o腀Geogr腄腀Pal腪腄腃腀De荅t腄腀Geogr腄腃腀Tokyo腀Kyoiku腀Univ腄腃16腃127腅167腄膖膖

腩膖腆in腀Japanese腃膖膖腆in腀Japanese腀with腀English腀abstract腪
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