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駒

ABsTRAcT　3　This　paper　treats　of　the　problems　concerned　w三th　the　geology　of　the　Cenozoic　strata

dcveloped　in　the　Yuyaewan（bay）district　of　west　chugoku，　the　Inner　side　of　southwest　Japan・

On　the　basis　of　the　data　obtained　through　his　study　the　writer　summarizes　the　stratigraphy　and

structure　of　this　district，　and　gives　the　correlation．　among　the　Tert三ary　fbrmations　of　the　Saikai，

in　which　the　Yuya・wan　district　is　included，　Setouchi　and　San－in　sed量mentary　provinces．　As　a

result　of　the　study，　the　writer　remarks　the　Mid・Tertiary　geologic　history　and　paleogeography　of

West　Chugoku．
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1．　INTRoDucTloN　AND　AcKNowLEDGEMENTs

　　Thc　Yuya－wan（bay）di白trict，　whcrc　the　Cenozoic　strata　are　well　developed，　is

situatcd　on　the　northwcst　coast，　facing　thc　sca　of　Japan，　of　wcst　chugbku　in　the
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Inner　sidc　of　Southwcst　Japan（Pl・vI）・To　the　southwcst　of　this　district　thc　Tertiary

coal　ficlds　of　the　Saikai　scdimentary　province（CENozolc　REsEARcH　GRoup　of

souTIIwEsT　JAPAN，1960）are　distributed　in　the　sea　of　Japan　sidc　of　North　and

Northwcst　Kyushu・To　thc　northwest　across　thc　sea　of　Japan　the　Tertiary　strata

arc　cxposcd　in　thc　cnvirons　of　Y6ngi1－bay，　South　Korca．　Morcover，　to　thc　cast．

northcast　of　thc　district　thc　Ncogcnc　fbrmations　of　thc　Sctouchi　and　San－in　sedi－

mentary　provinces（IKEBE，1957）arc　scattcrcd　in　Chugoku　district．　Thcrcfbre，　the

Tertiary　strata　of　this　district　play　palcogcographically　the　part　of　a　bridgc　among

the　diffcrcnt　scdimcntary　provinccs．　Furthcr　in　the　standpoint　of　discriminating　thc

boundary　betwcen　the　Paleogcnc　and　Ncogenc　of　Japan，　thc　Tcrtiary　strata　of　this

district　arc　rcmarkably　intcrcstcd　like　those　of　Kyushu，　bccausc　they　rangc　from

Oligoccnc　to　Miocenc　in　agc・As　a　stcp　of　rcscarching　thc　Tcrtiary　geology　of

Chugoku　district　the　writer　summarizcs　herc　thc　stratigraphy　and　structurc　of　thc

Tcrtiary　fQrmations　of　the　Yuya－wan　district　invcstigatcd　by　him　during　thc　last

dccadc，　and　givcs　thc　notcs　of　thc　Tertiary　geologic　history　of　Wcst　Chugoku．

Micropalcontological　study　bascd　on　this　work　is　now　bcing　provided　by　him，

　　BTief　notes　of　Previous　works：It　has　long　bccn　known　that　thc　Tcrtiary　fbrmations

arc　distributcd　in　thc　Yuya・wan　district（T6J6，1891；KocHIBE，1903；SuzuKI，　T．，

1906）．Sincc　thc　discovery　of　the　so。callcd　Lithothamnium　70η20∫f∬ium　from　thc

limestone　insertcd　in　the　fbrmations（OGuRA，1918，1919；YABE，1920），　the　agc　of

them　had　becomc　considercd　to　bc　Miocene．　After　that，　SuD6（1942）rcported　thc

occurrcncc　of　thc　Ashiya　faunulc，　which　was　rcgarded　as　an　index　of　Oligocene　at

that　timc，　from　Kiwado　of　thc　samc　district．　　　　　　　，

　　In　1950，　Pro£IMAMuRA　and　his　collaborators　of　thc　Hiroshima　Univcrsity　startcd

to　invcstigatc　thc　Tcrtiary　fbrmations　thcrc　as　onc　or　rcscarchcs　of　thc　Ccnozoic

gcology　in　thc　San－in　district，　and　somc　data　on　thc　stratigraphy　and　palcontology

have　oftcn　bccn　made　public　by　WADA（1955），　OKAMoTo（1960，1961），　NAKANo　and

OKAMoTo（1962），　OKAMoTo　and　NAKANo（1963），　and　othcrs・Detailcd　dcscription

of　thc　stratigraphy　has　vcry　recently　bccn　givcn　by　OKAMoTo　and　IMAMuRA（1964）．

　　In　addition　to　thc　studics　by　IMAMuRA　and　his　collaborators，　thcrc　arc　many　studics

and　rcports　conccrned　with　thc　Ccnozoic　fbrmations．　Thc　fbllowings　arc　vcry

important　among　thcm．　AsAMr（1954，1964）studicd　on　thc　palcomagnetism　of　thc

Olivinc－trachybasalt　at　Kawashiri－misaki（capc）。　MATsuMoTo，　T．（1951，1962）

cxplained　thc　fUndamental　gcologic　structurc　in　North　Kyushu　and　Wcst　Chugoku，

and　gavc　his　opinion　on　thc　Ccnozoic　gcologic　hiStory　or　thcsc　districts．　IsHIJIMA

（1954，1962）rcported　thc　paleontological　studics　of　thc　algac　from　thc　so－callcd

」乙ithothamniu；n　limcstone・KuRAsAwA　and　TAKA｝IAs田，　K．（1960），　and　OJ1（1961a，　b）

researched　thc　andesitic　and　basaltic　rocks　of　this　district　with　the　vicw　of　pctrology

of　the　Cenozoic　volcanic　rocks　in　Wcst　San・in　and　North　Kyushu．　TAKAHASHI，　K．

（1963a，　b）madc　the　palynological　studics　of　thc　Hioki　group　in　thc　district．

　　AcknoWledgements：　Thc　writcr　is　cxtrcmely　gratcfUl　to　Professor　Sotoji　IMAMuRA

of　thc　Hiroshima　Univcrsity　who　rcad　this　manuscript　and　gavc　usually　various
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kinds　of　facilitics　in　his　institute　with　constant　guidancc．　The　writer　is　indebted　to

ProfessQrs　Georgc　KoJIMA，　Yoshiharu　UMEGAKI　and　Hisashi　KusuMI　of　the　same

university　fbr　their　encouragements　during　the　coursc　of　this　work．　Acknowledge－

mcnts　are　duc　to　Professor　Hisamichi　MATsusHITA　of　the　Kyushu　University　at

Fukuoka，　Dr．　Michitoshi　MuKAE，　fbrmerly　Assistant　Professor　of　the　Hiroshima

University，　and　Drs．　Akira　HAsE　and　Mitsuo　NAKANo　of　the　Hiroshima　University

f（）rtheir　help舳l　guidances．　Thanks　arc　also　duc　to　Drs．　Hironao　YosHIDA　and

Terukazu　NuREKr　of　the　same　university，　and　Drs．　Masatora　KAwAI　and　Eiji　INouE

of　the　Geological　survcy　of　Japan　at　Kawasaki　fot　thcir　valuable　suggestions．　This

study　was　supportcd　in　part　by　the　Grant　in　Aid　fbr　Scienti丘c　Researches　from　the

Ministry　of　Education．

II．　OuTLINE　oF　sTRATIGRAPHY　oF　THE　YむYA－wAN　DIsTRIcT

　　Thc　outlinc　of　thc　Ccnozoic　stratigraphy　of　thc　Yuya－wan　district，　West　Chugoku

is　summarizcd　as　shown　on　Tablc　1．

III．　NoTEs　oF　BAsEMENT　RocKs

　　The　bascment　rocks　of　the　Tertiary　fbrmations　in　this　district　are　classified　into

thc　Kwanmon　group（the　Wakino　and　Shimonoseki’subgroups），　the　Yahata　fbrma－

tion，　the‘‘Rhyolite　and　quartz－porphyry”，　and　othcrs（HAsE，1960）in　ascending

order．　They　are　assigned　to　Cretaccous　in　agc．

　　The　Kwanmon　group　is　madc　up　of　sandstone，　shale，　and　lavas　and　pyroclastics

of　altcred（hornblende　？一）andesitc　and　rhyodacite．　It　is　developed　from　Tsu6，

through　Kiwadoguchi　and　Kiwado，　to　Jαraku，　having・thc　strike　of　wNw　direct1on

and　dip　of　about　15°to　thc　south．　Thc　major　part　of　these　strata　may　correspond

to　thc　Shimonoscki　subgroup，　thc　uppcr　of　thc　typical　Kwanmon．　A　shalc　bed

intcrcalatcd　in　the　rhyodacitic　tufr　at　Kiwado　yields　Euestheria　sp．，　Estherites　sp．，

Φ6Z65伽fπsp．，　and　ostracods．＊The　Wakino　subgroup，　thc　lower　of　the　group，　is

distributcd　in　thc　arca　of　Kottoi．

　　The　Yahata　fbrmation　of　acid　volcanic　origin　is　cxposcd　in　the　arca　south　of

Kaikawa，　and　it　cxtends　widely　into　the　southward．　Moreovcr，　thc　rhyodacite

cropping　out　at　thc　north　point　of　Ima・misaki（capc）is　probably　thc　correlative　with

a　part　of　the　Yahata　f（）rmation．

　　Thc‘‘Rhyolitc　and　quartz－porphyry”and　thcir　pyroclastics　arc　dcvclopcd　cxtcn－

sively　in　thc　south　of　thc　Kaisaku　and　Jaraku・Kaika｝ya　faults’　and　in　the　area．　north

of　Kottoi．　In　thc　lattcr　arca　thcy　arc　mainly　composed　of　welded　tuff．

　　Besides　thc　rocks　mcntioncd　abovc，　a　shalc　with　sandstonc　intcrcalations　is　fbund

＊　Discriminated　by　KUSUMT，　H．
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Tertiary　Formations　in　the　Yuya。wan（bay）D三strict

at　thc　hill　east　of　Ouchiyama，　enclosed　by　the　Tertiary　Hioki　group　like　a　FensteT．

IV．　DEscRIPTIoN　oF　THE　CENozolc　FoRMATIoNs

A．　PALEOGENE　BASALT　AND　ANDESITES

　　1．Hlp〃sthene。olivine・basa〃（KuRAsAwA　and　TAKAHAsHI，　K．，1960）

　　This　basalt　rcsts　unconf（）rmably　on　the　Yahata　fbrmation，　and　is　cxposed　at　Ima－

misaki．　This・basalt，50　m　thick，　is　composed　of　lava　with　volcanic　breccia．　OJ1

（1961a，　b）called　it　thc　Bronzitc－augite－olivinc－basalt．

　　2．　吻〃∫’乃躍‘9∂earing　pi8eoni’e・a〃8潔ρ●olivine占andesi’‘and　Olivine・andes〃8（OJI，1961a，　b）

　　These　andesites　ovcrlie　unconf（）rmably　the　Kwanmon　group，　and　are　developed

in　the　arca　from　Tsu6　to　Kiwadoguchi．　The　exact　stratigraphic　relationship　between

the　basalt　mentioned　abovc　and　thcse　andcsites　is　unknown，　because　both　are

separately　distributcd．　According　to　the　petrological　studies　by　KuRAsAwA　and

TAKAHAsHI，　K．（1960）and　OJI（1961a，　b），　however，　the　fbrmer　activity　seems　to

preccdc　the　lattcr．　The　Augite－andesite　correlated　with　a　part　of　these　andesites

（OJI，1961a，　b；OKAMoTo，1961）occupies　the　west　of　Tsuno－shima．　These　andesites，

230mthick，　are　composed　of　volcanic　conglomerate　and　alternation　of　lava　and

pyroclastics．

B．HloKI　GRoup（OKAMoTo　AND　IMAMuRA，1964）

　　The　Hioki　group　lies　unconfbrmably　upon　thc　basement　rocks　and　the　Paleogene

basalt　and　andesitcs，　and　is　overlain　disconfbrmably　by　the　Yuya－wan　group．　It　is

distributcd　in　Hioki・mura，　thc　east　areasρf　Yuya－machi，　and　the　environs　of　Kottoi，

H6hoku・machi．　This　group，　about　1，400　m　in　total　thickness，　consists　of　the　sedi－

ments　of　a　mcgacyclothcm，　and　is　accumulated　in　three　dif【セrent　sedimentary　basins，

i．c．，　the　Kiwado，　Yuya－Hioki　and　Kottoi　bays（Figs．3b－c）．　It　is　lithologically　divided

into　thc　Sakaigawa，　Taoyama　and　Hitomaru　fbrmations　in　ascending　order．　The

lithofacics　of　thc　group　are，　as　a　wholc，　similar　to　those　of　the　Otsuji　and　Ashiya

groups　in　North　Kyushu．

　　1．　Sakai8awaノ’orMation

　　This　fbrmation　is　subdivided　into　two　members，　thc　Juraku　in　the　lowcr　and　the

Kiwado　in　thc　uppcr，　and　each　of　thcm　is　composcd　of　a　cyclothem．

1a．　Jaraku　member

　　This　mcmber　is　cxposcd　at　Ima－misaki　of　thc　Kiwado　bay，　in　Kiwadoguchi　and

Jαraku　of　thc　Yuya－Hioki　bay，　and　in　the　cnvirons　of　Kottoi　of　thc　Kottoi　bay．　In

the　Yuya－Hioki　bay　this　mcmbcr　is　thick，　about　260　m　thick，　while　in　the　Kiwado

and　Kottoi　bays　it　is　thin，　about　30　m　thick．　This　mcmber　is　chiefly　composed　of

conglomcrate，　sandstonc，　grecnish　black　shalc　inscrtcd　with　a　fbw　coaly　shale　laycrs，

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　85
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and　wllitc　tufr　in　upward　succcssion．　Rcnccting　thc　charactcrs　of　thc　bascmcnt　rocks，

thc　kind　of　pcbblc　of　thc　basal　conglomcratc　arc　dif【℃rcnt　among　thc　scdimentary

basins．　Thc　conglomcratc　of　tllc　Yuya－Hioki　bay　contains　pcbbles　of　altcrcd　andcsitc

and　rhyodacitc，‘‘rhyolitc　and　quartz－porphyry，’，　ctc．，　thc　onc　of　thc　Kiwado　bay　has

pcbblcs　and　cobblcs　of　Palcogcne　basalt，　rhyodacitc，　dacitc，　etc・，　and　thc　onc　of　thc

Kottoi　bay　comprises　pebblcs　of‘‘rhyolitc　and　quartz－porphyry”ctc．　dcrivcd　from

thc　basement　rocks．　Thus　thc　differcnccs　of　thc　rock　charactcrs　and　thickncss　of　this

mcmbcr　in　thrcc　arcas　will　cvidcntly　vcrify　that　thc　accumulation　of　thc　Hioki

group　had　commcnccd　in　tllc　thrcc　diffcrcnt　scdimcntary　basins（Fig・1）・Thc　basal

conglomcmtc　is　purplish　to　rcddish　colorcd　in　a　part　of　Jaraku　and　wholc　of　thc

Kottoi　bay，　as　wcll　as　in　thc　basal　part　of　thc　Otsuji　group　of　North　Kyushu

（MATSUSmTA，1949）．

　　Tllis　mcmbcr　yiclds　no　marinc　fbssils，　but　oftcn　tllc　so－callcd　Matsuiwa（silici丘cd

wood）and　fragmcnts　of　plant　leavcs．　At　tllc　point　800　m　wcst　of　Kiwado　tllcrc　is　a

small　outcrop　of　sandstonc　and　shalc，　ovcrlying　thc　bascmcnt，　which　may　be　thc

corrclativc　with　a　part　of　thc　Jaraku　mcmbcr・This　outcrop　yields　fbssil　plants　such

as　Equise伽L　sp．，（itiごεr6！ど∫sp・，　D艸1卿m　sp・，　Planera　Ungeri　K・vκrs，　R　sp・（abundant＞，

Liquida〃ibar　？sp．，　D’o吻，ros　sp．（abundant），　ctc・＊

o

1b．　Kiω4do　rnember

　　This　mcmbcr　is　dcvclopcd　along　the　coast　from　Niigahama，　through　Kayakari

and　Kiwado，　to　Kaisaku　of　thc　Kiwado　bay，　in　thc　areas　from　Tsu6　to　Ouchiyama

of　thc　Yuya－Hioki　bay，　and　in　thc　cnvirρns　of　Kottoi　of　thc　Kottoi　bay．　In　thc

Yuya－Hioki　bay　this　mcmbcr　is　200　m　thick，　whilc　in　thc　Kiwado　and　Kottoi　bays

it　is　about　70　m　thick．　This　mcmbcr　is　chicny　composcd　of　pcbblc　conglomcratc，

coarsc－graincd　sandstonc，　altcrnation　of　conglomcratc　and　sandstonc，　black丘nc－

graincd　sandstonc　to　shale，　and　altcrnation　of　thc　so・callcd　Honcishi（tufr）and　con－

glomcratc　or　sandstonc　in　asccnding　ordcr．　Most　pcbblcs　of　volcanic　rocks　in

conglomeratc　arc　brought　in　from　the　bascmcnt　rocks．　Sandstonc　includcs　oftcn　a

、kind　of　dark　grccn　mincral．　Thc　horizon　of　thc　iron－sand　dcposit　at　Kiwado（SuD6，

1942；KoMATsu，1956；TAKEDA　ct　a1．，1958）sccms　to　bc　uppcr　than　thc　uppcrmost

molluscan　fbssil　bcd　K3　dcscribcd　below．　A　coaly　shalc　laycr　of　l　m　thick　rcsts

dircctly　on　thc　iron－sand　dcposit　at　Kiwado．　Thc　tabular　and　lcnticular　cross。

laminations　arc　wcll　prcscrvcd・

　　This　mcmbcr　yiclds　thc　fbssil　marinc　molluscs　bclonging　to　thc　Ashiya　faunulc

namcd　undcr　thc　Ashiya　group　in　Nortll　Kyushu（NAGAo，1928a，　b；OTuKA，1939）・

Thcy　arc　as　fbllows：

　　Fossil　bcd　Kl（coarsc－graincd　sandstonc）

Cra∬ostrea　cf．　sakitoensis（N　AGAo），　Ostrea　sp．，　ctc．，　with　an　cchinoid　Echinodisctts

　　　　chikuzenensis　NAGAo（WADA，1955）．

＊　Fossi夏plants　in　this　papcr　werc　discriminated　by　END6，　S．
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Tertiary　Formations三n　the　Yuya－wan（bay）District

　　Fossil　bcd　K2（pcbblc　conglombrate　to　pebblc－bearing　coars¢－grained　sandstone）

　　　　Tttrritella　infral加彪NAGAO，伽⑫プa　as物｝aensis（NAGAO），　MolopophOras　denselineattis

（NAGAo），　G砂り｝meris　cis伽ensis　MAKIYAMA（v¢ry　abundant），（）hlam2s　ashlyaensis

　　　　（NAGAo），　Crassit彦〃iteりa∂ei　NAGAo，】Venericardia　subnipponica　NAGAo，　Pitar　ashi　a－

　　　　ensis（NAGAo），　Callista　hanzaωai（NAGAo），　Dosinia‘’hikugenensis　NAGAo（abundant），

　　　　ctc．

　　Fossil　bcd　K3（coarsc－graincd　sandstonc　to　shale）

　　　　EuspiTaω妙aenSiS（NAGAo），＆zccelta　sp・，　PortJandia　scapんoides（NAGAo），　Aciia

　　　　ashi　aensis（NAGAo）（abundant），ア診〃er加rdia　su∂nipponica　NAGAo（very　abundant），

　　　　1）osinia　chikuζenensis　NAGAo（common），　Angttlus　max加tts（NAGAo）（common），

S）isula　spボ（NAGAo，s　Sρisula　sp．　a，1928），　Cultellus　cf．　igumoensis　YoKoYAMA，

　　　　Periploma∂e∬hoense（YoKoYAMA），　etc．＊

Thc　fossil　beds　K！and　K2　havc　n◎t　becn　feukd　eut　in　the　Kottei　bay．

　　Thc　fbllowing　fbssil　plants　wcrc　obtaincd　from　thc　sandy　shale　laycrs　of　the　upper・

搬◎§ωfthc滋c搬ber　at　thc　so就h－southwcs之of　N◎da．　The§e　p！a3ts　were　called　the

Noda　Horulc＊＊by　IMAMuRA（1958）．

Popiilus　Z醒f4《z‘毎HEER？，」ε鴛9εzゐ｛zrdtia　cf・BroRgRi｛zrだETTINGSKAIISEN，　J麗9鋸z｛z鐘ε㍑igεlla

　　H鷺ER　P，1．？sp．　（C£1．　a‘uMinata　13RAuN），　Betttla　Brongniar彦’ETTINGsHAusEN？，

　　CastaReG　Kg∂iRLYi　K◎VATS，α乙in8eri　H醗R，　Fagos　ARtipeji　H££R，（）vgercas　Lxallii　E（EER　？，

　　Q■c£groenlandica　HEER，　Brou∬onetia　c£乃naii　ENI）6，　F蜘3媚αヴbZ’αHEER，　Cercidip、妙1－

Iecm　eOjapeRicecm　EN｛）6，　Plat｛z驚鋸ε　Gcergides 　GOEPPERWラ∠【cer　《zrctξcgm　H奮£R，∠霊．　Pietecm

　　THuNBERG，ωω〃oph1llum　c£‘renatttM　HEER，　Rhamnus　c£・Ro∬δ∬leri　UNGER，

　　躍∂欝ノz露醒ハ；erdenski∂1漉HEER　？，　etc．

　　The　prcliminary　r¢port　of　the　smallcr　f（）raminifera　fピom　the　fbssil　bed　K3　was

9圭ve捻by　OKAM◎T◎（196◎），　and　thc　paly嚢d◎gical　study　of　this　member滋Kiwad◎

and　Waku　was　also　carricd　out　by　TAi〈AHAsm，　K．（1963a）．

　　2．　Ta（りα鋭αノbηπα’foノε

　　This　f（）rmation　is　distributcd圭n　thc　area獄◎就hwcst　of　Kiwad◎，　and　Saka量gawa　of

thc　Kiwado　bay，　in　thc　wcst　arcas　of　Hioki－mura，　and　Hisatomi　and　Oe　of　the　Yuya－

Hi◎ki　b畿y，　a箆d　al◎ng　thc　co誠◎f　K◎ttoi　ef　the　K◎tt◎三bay．　As　sh◎w塁i簸Fig．1，　the

succcssivc　stratigraphic　column　of　this　fbrmation　could　not　be　made　upin　an　area，

AccordiRgly，　th¢writcr　iRfers　that　the　upper　cd犠m捻◎f　the　bc　arca　succccds　t◎the

lowcr　of　Taoyama，　with　a　qucstiqn　as　to　the　correlation　betwc¢n　thcm．　In　the　Yuya－

Hioki　bay　this蝕m滋io捻is　ab◎就42◎m十thick，　b犠t　i難thc　Kiwad◎餓d　K◎ttoi　bays

thc　thickncss　can　not　bc　cstimatcd　becausc　thc　uppcr　part　is　thought　to　bc　croded

◎疑t。　This　fbrmati◎縫is　chicfly　c◎搬poscd◎f　coarsc－g鍬incd　s癩dst◎Rc，　gray　shale，

altcrnation　of　sandstonc　and　shalc，　tuffaccous　pcbblc－bcaring　coarsc－graincd　sand－

st◎簸c，　t嚢fらgr我y　shalc，恥c．　t◎mcd沁搬一graincd§食ndst◎籍e，　pcbblc　c◎鷺gl◎mer就e，　fbe一

＊Fossil　moUuscs　be！onging　to　the　Ashiya　faunu！c　are　discrlminateCl　by　M笈zu翼o，　A．，　WAかA，　T．，　OKA－

　　　MOTo　K．，　and　NAKAN◎，　M．

＊＊　TAKAHAs！！！，　E，（1959b）namcd　it　tlle　Aslliya　fossil　nora．
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graincd　sandstonc　with　shalc　intercalations，　and　tuff　in　upward　succcssion．　In　this

respcct，　tllc　f（）rmation　is　considcrcd　to　bc　made　up　of　two　or　thrcc　impcrfcct

cyclothcms．　Saρdstonc　includcs　also　oftcn　a　kind　of　dark　grccn　rpincral．

　　Thc　f（）ssil　marinc　molluscs　gathcrcd　from　thc　fbrmation　arc　as　f（）110ws：

　　Fossil　bcd　Tl（coarsc－graincd　sandstonc）

αα∬o∫伽cf．　sakitoensis（NAGAO）ctc．

　　Fossil　bcd　T2（shalc）

　　　　＆π‘e〃αsp・，　Por〃a〃伽sp・，　Venericardia　subnipPonica　NAGAo（common），　Luci〃o／na　sp．，

　　　　」〃’gulus　maxinius（NAGAo），α〃e〃as　c　f・iζumoe〃sis　YoKoYAMA，　Peripolo〃ia　be∬ho〃tse

　　　　（YoKoYAMA）（common），　ctc，

　　Fossil　bcd　T3　at　the　type　arca（coarsc・grained　sandstonc）

　　　　∠1‘f1αω〃加8〃5’5（NAGAo），　Chlampts　ashi　aensis（NAGAo），（｝a∬ate〃〃es　pαbei　NAGAo

　　　　（abundant），σ．　sp．（abundant），レ診〃ericardia　subniPI）onica　NAGAo，　P”ar　ashウa〃tsis

　　　　（NAGAo）（common），αz1〃吻sp．，　Dosinia　chik〃ζ〃tensis　NAGAo（common），　ctc，

　　Fossil　bcd　T3　at　thc　point　northwest　of　Kiwado（coarsc－graincd　sandstonc）

　　　　Turrite〃a　sp・，∠16〃αsp・，2ψ万」ε♂5　sp・，（7a〃ista　sp．，1）osirtia　sp．，　ctc．

　　Fossil　bcd　T3？on　thc　coast　wcst　of　Hijα（pcbblc－bcaring　coarsc－graincd　sandstonc）

Turritella　infralirata　N　AGAo，　Batillaria　takeharai　MlzuNo（MS）（commoh），　Euspira

　　　　ω妙aellsis（NAGAo）（common），　P妙〃oノεotus　as妙aensis（NAGAo），　GlyC2MeriS　Ci∬加一

　　　　ensis　MAKIYAMA（abundant），　MYtilus　sp．，伽∬ateltites／abei　NAGAo，　Venericardia

　　　　subnippo／tica　NAGAo，　Pitar　asltウae〃sis（NAGAo）（abundant），　ctc．

　　Fossil　bcd　T4（pcbble　conglomcratc）

　　　　Euspiraωゐウaensis（NAGAO），　Acita　ashウα傭f∫（NAGAO），　Gt7り，MeriS‘∫∬加〃lsis

　　　　MAKIYAMA，伽∬atellites　．　va∂ei　NAGAo，　Ven〃icardia　su∂llii）poni‘a　NAGAo（vcry

　　　　abundant），1）osillia‘hikuζenensis　NAGAo，　ctc．

　　Fossil　bcd　T5（shale）

＆z‘68ZZαsp・，　Portlan｛だαsp．，ハTu‘起Zαsp．，　ctc．

　　Fossil　bcd　T6（tufr　to　tuHhccous　sandstone）

　　　　Turritella　infralirata　NAGAO，　Euspiraωゐ卯6〃sis（NAGAO），　Gl7リワneris　ci∬加6〃sis

　　　　MAKIYAMA，　Solame〃subfornicatum（NAGAo），　Chlam2s　as妙ae〃sis（NAGAo），伽∫－

　　　　sate〃f’6りabei　NAGAo，　Venericardia　subnipρonica　NAGAo（abundant），1）osinia　chiktt・

　　　　ζe／18nsis　NAGAO，　ctc．　　　　’

Thcsc　f（）ssils，　cxccpt　Bati〃aria　takeharai，　bclong　also　to　thc　Aslliya　faunule．　B．　take．

harai　has　bccn　treated　as　a　charactcristic　spccics　of　thc　Sascboan　stagc（MlzuNo，

1964），which　is　considcrcd　to　bc　upPcr　than　thc　Taoyama・Tllc食mnal　compositions

of　each｛bssil　bcd　sbcm　to　vary　according　to　localitics．

3・Hitomaru　forrnation

　　This　f（）rmation　is　dcvcloped　in　Hisatomi，　thc　arcas　around　Hitomaru　station，　thc

Igami　area，　and　thc　area　around　Tatcishi　of　thc　Yuya－Hioki　bay，　but　not　cxposed　in

the　Kiwado　and　Kottoi　bays．　This　f（）rmation，500　m十thick，　is　chicny　composed　of

丘ne－graincd　sandstone，　alternation　of　shale　to　fine－graincd　sandstone　and　tu　flr，丘nc一
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graincd　sandstonc　with　shalc　l　intcrcalations　in　ascending　ordcr．　Thcrc　is　a　probablc

diastem　undcr　thc　altcrnation　of　shale　to丘nc－grained　sandstone　and　tuff（near　the

bottom　of　thc　fbrmation）．　Pebblc　to　granulc　conglomeratc　and　tufr　layers　are　in－

sertcd　in　thc　middlc　and　uppcr　of　thc　fbrmation．　Coaly　shalc　layers　are　also　often

intercalatcd．　The　lithofacies　shows　lateral　change．　Wavc　ripple－marks　arc　well

prescrvcd　in　thc．middle　and　upper。

　　Thc　shalc　to　fine－grained　sandstone　layers　of　fossil　bed　H　yield　a　crowd　of　Corbicula

matusitai　SuzuKr　accompanicd　by　a　few‘‘レ’iViParttS”sp．　andやaralic　P　molluscs．　These

molluscs　are　the　elemcnts　of　the　Sasebo　non－marine　molluscan　faunule　by　SuzuKI

（1941）．Thc　fbllowing　f（）ssil　plants　wcre　collected　from　the　fine－grained　sandstonβ

1ayers　with　shalc　intcrcalations　in　thc　middle　of　thc　fbrmation　at°Daib6　and　Yamane．

These　plants　werc　namcd　the　Daib6　Horulc＊by　IMAMuRA　and　WADA（1956），　and

IMAMuRA　and　OKAMoTo（1959）．

P・pulus　cf・batsam・ides　G・EPPERT，（泡ψ漁∫ραZ吻・ψ・nica（END6），　C．　grandis　UNGER，

Ulmus　l・ngif・lia　UNGER，　Zerk・va　U・g・ri（ETT・NGsHAusEN），　F泌伽⑳疏αHEER，

　　Liguidambarプ’orMosana　HANcE，ムtrilo∂um　GoTKAN　and　SApoRTA，　Platanus　a‘eroides

HEER，　Acer　pictum　THuNBERG，　Koelrettteria　eointegrifolia　END6，　etc．

　　Recently，　TAKAHAsHI，　K．（1963b）prcsentcd　thc　palynological　rcsearch　of　thc

Iower　of　this　fbrmation．

4．　　T∫uno－∫hima　member

　　This　member，　the　uppcr　and　lower　limits　of　which　are　probably　faulted　off，　crgps

out　within　the伽1t　zone　of　NW　trcnd　on　the　central　south　coast　of　Tsuno－shi’
ma．

This　member，22　m十thick，　is　chiefly　composcd　of　pebble　conglomerate　and　coarse－

graincd　sandstone　inscrtcd　with　tuffaceous　sandstonc．　The　lithofacies　is　well　sim量lar　，

to　those　of　thc　Kiwado　member　and　the　Taoyama　fbrmation．　The　tuffaceous　sand－

stone　yiclds　fossil　marine　molluscs　such　as　Batillaria　takeharai　MizuNo（MS），　Cerithium

sp．，（］ra∬ostrea　gravitesta（YoKoYAMA）and（72clina　jaψonica　KAMADA．　A　few　smaller

foraminifcra，　as　Elphidium　c£etigoense　HusEzlMA　and　MARuHAsl　and　Strebulus　c£

becarii（LINNAEus），　wcre　obtained　from　the　same　rock（OKAMoTo，1961）．　This

mcmbcr　is　trcated　hcrc　as　a　part　of　the　Hitomaru　fbrmation，　as　will　bc　noted　later

in　thc　chaptcr　VI．

　　5・　Vo’‘aniSM　during’”8｛2‘‘umulation噸ゾ’he　Hioki　870up

　　Tuff　to　tuffaccous　rocks　arc　often　intercalated　in　the　Hioki　group，　cspccially　in　the

Sakaigawa　and　Taoyama　R）rmations．　MuKAE　and　OKAMoTo　cxamincd　12　spccimens

from　various　horizons　of　this　group　by　dctcrminating　thc　re　fractive　indicies　of

artificially　prcparcd　rock－glasses（MuKAE，1957）．　Through　thcir　examination，　it　was

ascertained　that　thc　tufr　during　thc　accumulation　of　thc　Sakaigawa　and　Taoyama

fbrmations　cxcept　the　uppermost　horizon　of　thc　lattcr　is　probably　orig五nated　from

＊　TAKAHAsHπ，　E．（1959b）called　it　thc　Hishikai　fbssimora．
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the　volcanism　of　rhyolitc　to　dacite，　and　that　the　tuff　fbr　the　deposition　of　the　upper－

most　Taoyama　and　Hitomaru　fbrmations　comes　likely　from　the　activity　of　rhyodacite

to　andesite（？）．

C．　YuYA－wAN　GRoup（OKAMoTo　and　IMAMuRA，1964）

　　The　Yuya－wan　group　rests　on　thc　Hioki　group　with　a　disconfbrmity，　as　will　be

dcscribed　and　discusscd　in　thc　ensuing　paragraph，　and　is　ovcrlain　unconfbrmably　by

thc　Mukatsuku　gravcl　bcd．　It　is　dcvcloped　in　a　widc　cxtcnt　of　ENE－WSW　trend

from　Kayakari　to　Tsuno－shima．　This　group，450－700　m　in　total　thickncss，　consists

also　of　thc　scdimcnts　of　a　mcgacyclothcm，　likc　as　thc　Hioki　group　docs．　It　is　divided

into　thrcc　formations　of　the　Igami，　Kadoyama　and　Kawashiri，　which　show　more　or

lcss　diHfcrcnt　lithofacics　with　onc　anothcr．　Thc　stratigraphic　rclationship　among

thcm　is　shown　in　Fig．2．　Howcvcr，　thc　dctailcd　rcsearch　of　thc　Yuya－wan　group　is

vcry　hard，　bccausc　it　is　scattcrcd　around　Yuya－wan　and　is　extensively　covcrcd　by

thc　Olivinc－trachybasalt．　In　gencral　thc　lithofacics　of　the　group　are　similar　to　thosc

of　the　Sascbo　group　in　Northwest　Kyushu．
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Tertiary　Formations　in　the　Yuya・wan（bay）District

　　1．　Stra〃9アaPhi‘rela〃o，ship　betωeen　the」Hieki　and】raya・ωαπGrouPs

　　The　vcry　outcrop　dcrponstrating　thc　rclationship　bctwccn　thc　Hioki　and　Yuya－

wan　groups　is　not　fbund　unfbrtunatcly．　In　thc　Igami　arca　thc　Ia　bcd　of　the　Igami

f（）rmation，　thc　basal　part　of　thc．Yuya－wan　group，　indicatcs　an　asymmctrical　synclinal

structurc　with　thc　axis　plunging　slightly　to　the　west．　This　structure　accords．　welI

with　that　of　thc　uppcrmost　Hitomaru　fbrmation　of　the　Hioki　group．

　　Howcvcr，　thc　Ia　bed　scems　to　covcr　somcwhat　different　horizons　of　the　uppermost

Hitomaru｛brmation．　Morcover，　thc　sandstone　and　shalc　facics　at　thc　top　of　the

Hitomaru　fbrmation　is　abruptly　succccdcd　by　thc　basal　facies　of　thc　lgami　f（）rmation

madc　up　of　purplish　to　blackish　rcd　tuffaceous　sandstonc　and　variegated　volcanic　con－

glomerate．　The　matrix　of　thc　purplish　to　rcddish　colored　rock　is　considercd　to　be

originatcd　from　the　source－area　undcr　the　appropriatc　condition　that　the　purplish　to

rcddish　colored　soils　arc　fbrmcd．　In　a　word，　this　is　probably　the‘‘red　clay　conglomer－

atc，，　by　CLARK（1962）．　　In　gencral　thc　rcddish　colorcd　rock　facies　apPcars　to　relate

fairly　to“uncon　f（）rmity”in　thc　Palcogcnc　strata　of　North　Kyushu（MATsusHITA，

1949）．Ofcoursc　thc　c6nglomcratc　of　thc　Ia　bed　has　some　pebbles　originated　from

thc　Hioki　group．

　　Thc　relationship　bctwccn　thc　Hioki　and　Yuya－wan　groups　is　hardly　discusscd

from　the　paleontological　cvidence，　though　there　is　a　remarkable　distinction　in

the　faunal　compositions．　But　some　hiatus　is　recognizcd　when　both　groups　are

assigned　to　their　proper　positions　in　the　successive　Tertiary　geologic　column　of

Northwest　Kyushu（Table　2）．　　　　　　　　　　　　　　、

　　Thus　the　stratigraphic　rclationship　bctwcen　thc　Hioki　and　Yuya－wan　groups　is

thought　to　bc　a　disconlbrmity．　　　　　　　　　　　　　　　　　　　　　　　　、

2．　lgami　formation

　　This　f（）rmation，　which　lics　disconf（）rmably　upon　thc　Hitomaru　f（）rmation　and　the

uppcrmost　of　which　sinks　undcr　thc　Yuya－wan，　is　cxposed　in　the　Igami　area．　It　is

very　variablc，80－425　m十，　in　thickncss，　and　is　lithologically　subdivided　into　seven

bcds，　i．c．，　the　Ia－Ig　beds　in　upward　succession．

　　Ia　bed：15－50　m　thick．　Purplish　to　blackish　red　tuffaceous　sandstone　and　variegated

volcanic　conglomcratc．　Most　pebbles　of　conglomerate　are　derived　from　the　basement

rocks，　and　somc　from　the　Hioki　group．　Blackish　red　tuffaceous　sandstonc　yields　fbssir

molluscs　as　1）osinia　sp．　ctc．　Conglomerate　yields　also　such　molluscs　as　Chlampts　c£

arakaωai（NoMuRA），αc£mi　atokoensis（NoMuRA　and　HATAI），　Kotorapecten　c£egre8ittS

（ITolGAwA），　Lima　goliath　SowERBy，五．　c£konnoi　OTuKA，　etc．＊

　　Ib　bed：8－80　m　thick．　Finc－to　coarsc－grained　sandstonc　including　a　kind　of　green　’

mincra1，　with　pcbblc　conglomcratc　at　thc　top　of　thc　bed．　Fossil　molluscs　scarcely

occur，　but　thc　animal　marking　belonging　to　Hclmintoid　group（TAKAHAsHI，　E．，

1959a）is　prcscrvcd．

＊The　molluscs　from　thc　Yuya・wan　group　wcre　discriminatcd・by　MAsuDA，　K．
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　　Ic　bed：10－185　m　thick．　Bluc　grecn　coarse－to丘ne－grained　sandstonc，　and　altema－

tion　of　sandstonc　and　shalc．　This　bed　intercalatcs　two　laycrs　of　whitc　tu　ff．　Sandstone

contains　ofヒcn　a　largc　number　of　mudstonc　brcccia　in　irregular　shape．　Grccn　mineral

is　also　contained　in　the　lowcr　of　thc　bed．　This　bed　yields　such　molluscs　as　1）entalium

sp・，　C躍αηり5　cf・arakaωai（NoMuRA），」乙ttcinoMa　acutilineatum（CoNRAD），　ctc．，　and　an

echinoid」乙inthia　niPPonica　YosHiwARA．　A　crowd　of　thc　characteristic　animal　marking

occurs　in　thc　lowcr　and　middle　of　the　bcd．

　　ld　bed：0－25　m　thick．　Altcrnation　of　coarsc－grained　sandstonc　to　granulc　con－

glomcratc　and　shale．　Hcrringbonc　structure　is　well　prescrvcd．　A　largc　numbcr　of

fragmcnts　of　ChJampts　sp．　and　BaZanus　sp．　occur　in　this　bed．

　　Ie　bed：0－30　m　thick．　Bluc　grccn　massive　coarsc。graincd　sandstonc　containing

roundcd　pcbblcs　of　algal　limcstonc．　Tabular　cross－lamination　is　wcll　observablc　in　thc

uppcr．　The　algae　in　thc　pcbblcs　arc　similar　to　thosc　in　thc　so－callcd　Lithothamnium

limcstonc　at　Shiraishi　and　Honyuya（IsHUIMA，1962）．

　　If　bed：40－50　m　thick．　Light　bluc　grecn　massivc　pcbblc－bcaring　granulc　con。

glomcrate　to　coarse－graincd　sandstonc．　The　pebbles　of　limcstonc　arc　also　fbund．

Molluscs　such　as　Chlampts　c£arakawai（NoMuRA）and　O5物sp．，　and　bryozoans　arc

obtaincd．

　　Ig　bed：4m十thick・Rubblc　deposit　of　pcbblc　to　boulder　conglomeratc．　This　bcd

covcrs　thc　If　bcd　With　an　uncvcn　surface（load　casts）．’The　deposit　yields　such　frag－

mcntary　molluscs　as　Polinices　cf・　meisensis　MAKIyAMA，（77praea？sp．，　and　Chicereus　sp．，

and　corals．

3・Kαd。ツama　Serraa惹i。鴛

　　This　fbrmation　laps（LAHEE，1959）unconf（）rmably　on　thc　Hitomaru　formation．

Thc　rclationship　between　the　Kadoyama　and　thc　overlying　Kawashiri　f（）rmation　is

conf（）rmable　at　thc　wcst　of　Kadoyama，　and　bccomes　gradually　indistinguishablc　cast－

wards．　It　is　dcvclopcd　in　Kakcbuchi　and　Kadoyama．　This　f（）rmation，　about　300　m

thick，　is　chicfly　composcd　of　coarsc・graincd　sandstonc　insertcd　with　cobblc　to　pcbblc

conglomcratc　layers，　black　shalc，　finc・graincd　sandstonc　with　shalc　intcrcalations，

pcbblc　to　granulc　conglomcratc，　coarsc・to　fine－grained　sandstonc　with　a　tuff　inter－

calation，　pcbblc　conglomeratc，　alternation　of　shalc　and　fine－graincd　sandstonc，　coarsc－

to丘nc－graincd　sandstone　with　a　coaly　shale　intcrcalation，　and　pcbblc　conglomeratc

in　asccnding　ordcr．　Sandstonc　abovc　and　below　thc　tuff　includes　also　a　kind　of

grccn　mineral．　The　tabular　and　lcnticular　cross－1aminations　and　load　casts　arc　oftcn

obscrvcd．

　　The　occurrcncc　of　fbssil　molluscs　is　sporadic．　Abundant　fragmcnts　o£　Ostrea　sp．　and

abrachiopod　Telebratalia　sp．　were　obtaincd　from　the　basal　coarsc・graincd　sandstonc．

The　shale　above　the　basal　sandstone　yields　such　molluscs　as　Siphoiiatia　osaωanoensis

TsuDA，　Dentalium　weinkau；fii（DuNKER），ハTuculana　cf．　pennula（YoKoYAMA），　Yotdia　laudα一

bilis　YoKoYAMA，　Y・c£tokunagai　YoKoYAMA，　Propeamu∬ium　tateiωai　KANEHARA，

Lucin・ma・cf・・acutilineatum（CoNRAD），　Cuspidaria・sawan・ensis　TsuDA，　etc．
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4．Kawashiri　formation

　　This　fbrmation　lics　upon　thc　Kadoyama丘）rmation　with　the　relationship　mentioned

bef（）rc，　and　is　unconfbrmably　ovcrlain　by　thc　Mukatsuku　gravcl　bcd．　It　is　dcvcloped

in　wide　cxtent　fピom　Kayakari，　through　Noda，　thc　foot　of　Amagoi－dake，　Mukatsuku

and　Yuya→ima，　to　Motoyama　of　Tsuno－shima　and　Futagoづima（islands）．　This

丘）rmation，　about　400　m　thick，　is　chiefly　composed　of　coarse－to丘ne－grained　sandstone，

1）lack　shale，　and　sandstonc－prcdominant‘‘Flysch　type，，　altcrnation．　Conglomerate

scarcely　occurs，　and　at　lcast　a　tuff　layer　is　inscrtcd．　The　so－called　LithothaMnittM

limestonc（algal　limcstone），1．3－2　m　thick，　is　intcrcalatcd　at　Shiraishi（OGuRA，1918，

・ 1919；YABE，1920）of　Tawarashima　and　Honyuya．　Thc　blocks　of　sandy　algal　lime－

stonc　werc　collcctcd　on　the・ccntral　south　coast　of　Tsuno－shima，　and　they　are．

considered　to　bc　dcrivcd　from　the　sca　bottom　south　of　thc　island．　The　same　lime－

stone，7．5　m十thick，　is　also　f（）und　at　Futago→ima　southwcst　off　the　coast　of　Tsukuno・

From　these　finds，　it　is　undoubtcdly　inferrcd　that　the　sandy　algal　limestonc　is　exposed

in　fairly　wide　cxtcnt　on　thc　sca　bottom　south　off　Tsuno－shima．　Thc　sedimentary

structurcs＊such　as　gradcd　bcdding，10ad　casts，　slump　structures，　pull－aparts，　buckling

with　thrust，　ctc．　are　well　preserved．

　　Thc　fossil　molluscs　are　scant　in　this　f（）rmation　as　well　as　in　the　Kadoyama　fbrma－

tion．　Dentalittm　weinkauLt7i（DuNKER），　SoZemptα　tokttnagai　YoKoyAMA，　Nucttlana　cf．　pennula

（YoKoYAMA），　Saccella　sp・，・4kebiconcha　sp・，　Aniξodonta　sp・，五ucinoMa　acutilineatum（CoN－

RAD），　Paphia　sp．，　Macoma　sp．，7殿παc£励ensis　MAsuDA，　C鋤漉擁sp・，　etc・were

obtained　from　the　shale　layer　on　the　coast　south－southeast　of　Kawashiri．　Bat〃aria

tateiwai　MAKiyAMA，　Cancellaria　sp．，　Anadara　sp．，五加ψ∫歪∫sp．，　Plα6ψε伽sp．，　Paphia　c£

hirabayashii　OTuKA，　etc．　were　collectcd　from　the　pebble－bearing　shale　at　the　pass

between　Ngda　and　Tsu6．’NassaTius　sp．，1）entalittm　sp．，　Sacce〃αsp．，　ChlamNS　sp．，　etc．

were　gathercd　from　thc　cobble－bearing　shalc　at　Kayakari．　Ostrea　sp．　and　Tellina　sp．

occurrcd　rarcly　in　thc　sandstonc　at　the　placc　east　of　Oda　suffered　from　the　landslide．

Thc　so・called」乙ithothamnium　limestone　consists　chicfly　of　such　algae　as　1）ermatolithon

c£saipanense　JoHNsoN，」乙f功ψ妙〃um　Imamurai　IsHulMA，五・］ayaShiMaenSiS　IsHIJIMA　and

Mesophア〃unり，uptashiMaensis　IsHIJIMA（IsHIJIMA，1954，1962）・　In　addition　to　the　algae，

the　limcstonc　yiclds　molluscs，　as　Cra∬ostTea　c£sakitoensis（NAGAo）and　qアclina？sp．，

an　echinoid　Echinolamψas　puoshiwarai（LoRloL）＊＊and　a　bryozoan　C£α〃eporaプ’orMosenSiS

NEwToN　and　HoLLAND．＊＊＊　The　sandy　algal　limcstonc　dcrived　from　the　sea　bottom

south　off　Tsuno－shima　yields　algac，　smaller　foraminifera，　as　1）is‘orbis　？sp．　and　Robttltts

lucidus（CusHMAN），　fragments　of　molluscs，　etc．（OKAMoTo，1960）．　Thc　animal　mark－

ing　idcntical　with　that　from　thc　Ic　bcd　of　the　Igami　fbrmation　is　also　fbund　at

Tcnaga－jima（island）of　Yuya－wan　and　on　thc　north　coast　of　Kadoyama．

5．　The　5’ra’f87ψ痂‘π’a”oπ5乃ψaMong’加IgaMi，　Kadりrama　and　Kawashiriノ’erMations

Now　thc　writcr　will　hcre　dcscribe　and　discuss　thc　stratigraphic　relationship　among

　＊　For　thc　sedimentary　structures　the　tcrms　defined　by　ARAr（1960）arc　here　used．

＊＊　Discriminated　by　MoRrsmTA，　A．

＊＊＊　Discriminated　by　HANzAwA，　S．
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the　Igami，　Kadoyama　and　Kawashiri　fbrmations　scattcrcd　around　Yuya－wan，　rcgard－

ing　the　Igami　fromation　as　thc　typc　of　tllc　Yuya－wan　group（Fig・2）・

　　Thc　corrclativc　with　thc　Ia　bcd　of　thc　Igami　fbrmation　is　not　fbund　in　Kakcbuchi・

and　Kadoyama，　i．c．，　thc　basc　of　thc　Yuya－wan　group　is　missing　thcrc．

　　Thc　Kadoyama　fbrmation　is　corrclatcd　with　the　Ib　bcd　of　thc　Igami，　bccausc　therc

are　somc　similaritics　in　the　lithofacics，　and　thc　conglomcratc　at　thc　top　of　thc　Kado－

yama　is　thought　to　be　cquivalcnt　to　that　at　thc　top　of　thc　Ib．

　　Thc　occurrcncc　of　thc　charactcristic　animal　marking　in　thc　lowcr　and　middlc　of

thc　Ic　bed　of　thc　Igami　is　traccd　from　Igami，　through　Takc－shima　and　Tcnaga－j　ima

of　Yuya－wan，　to　thc　north　coast　of　Kadoyama　whcrc　thc　lowcr　of　thc　Kawashiri

formation　is　cxposcd．　Accordingly，　thc　lowcr　limit　of　thc　Kawashiri　is　corrclatcd

with　that　of　thc　Ic．，It　is　not　asccrtaincd　whcthcr　which　part　of　thc　Kawashiri　cor－

rcsponds　to　thc　Id　bcd　of　thc　Igami．　Among　thc　Ic－Ig　bcds，　thc　upper　of　thc　Ic　and

the　If　contain　thc　roundcd　pebblcs　madc　up　chicfly　of　algac，　which　arc　thought　to　bc

丘）rmcd　simultancously　with　thc　accumulation　of　thcsc　bcds．　Besidcs，　thc　watcr・worn

fragmcntary　molluscs，　corals，　bryozoans　and　acorn－shclls　wcrc　obtaincd　from　thc　Ic－

Ig．　The　so－callcd　Lithothamnium　limcstone　at　Shiraislli　and　Honyuya　yiclds　smallcr

foraminifcra，　molluscs，　bryozoan，　cchinoid，　and　algac　of　thc　samc　kind．　Thc　sandy

algal　limcstonc　at　and　around　Futagoづima　yiclds　also　similar　fbssils・Judging　from

the　lithofacics　and　fbssil　associations，　the　Ic－Ig　beds，　thc　so－callcd　Lithotha？nnium

limcstonc　and　thc　sandy　algal　limcstonc　arc　not　thc　dcp6sits　at　various　timcs，　but

must　bc　a　contcmporancous　accumulation　to　build　up　an　opcn　shoal－rccf（HENsoN，

1950），showing　rcmarkablc　latcral　changc．

　　Altllough　thc　bcds　uppcr　than　thc　Ig　bed　of　thc　Igami　arc　unknown，　thc　corrcla－

tivcs　with　thcsc　bcds　arc　thc　strata　uppcr　than　thc　limcstonc　of　thc　Kawashiri，　which

arc　dcvclopcd　in　Mukatsuku，　Yuya－jima　and　Tsuno－shima．

6．　Volcanism　duringε’leα‘cumutation（ゾεゐ‘Y鷲ya働ωαπgroup

　　Thc　Yuya－wan　group　intcrcalatcs　two　laycrs　of　tufr　or　tuHhccous　rock　at　lcast．

The　writcr　cxamincd　7　spccimcns　from　thc　laycrs　by　mcans　applicd　to　thc　specimens

from　thc　Hioki　group　as　wcll．　It　was　hcrcby　known　that　tllc　tuff　laycrs，of　thc　Yuya－

wan　group　camc　probably　from　thc　volcanism　of　dacitc　to　andcsitc（P●）．

D．　BRoNzrTE－AUGITE－ANDES：TE　AND　RHYoL！TE

　　1．　Bronζite－augite・andesite（OJI，1961a，　b）

　　This　andcsitc　occurs，　as　dikcs　with　5－12　m　width，　along　or　parallcl　to　thc　faults　of

NW　or　NNW　trcnd　which　eut　thc　Tcrtiary　strata．　Thcsc　andcsitc　dikcs　arc　found

in　Sakaigawa，　Kiwado，　Kadoyama　and　thc　cnvirons　of　Oda　and　D6tc，　and　on　thc

COaSt　Of　Igami．

　　The　Quartz－dolcritc（OJI，1961a，　b）intrudcs　also　as　dikcs　into　thc　Yuya－wan　group

on　the　coasts　of　Igami　and　to　thc　south－southcast　of　Kawashiri．　On　the　lattcr　coast

this　dolerite　cuts　across　a　dikc　of　the　Bronzitc－augitc－andcsitc．
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　　2．　Rhアolite（OJI，1961a，　b）

　　This　Rhyolitc　intrudes，　as　a　dikc　of　NW　direction　with　10　m　width・into　the

Paleogenc　Hypersthcnc－bcaring　pigeonitc－augite－olivine－andesite　on　thc　northwest

coast　of　Tsu6．

E．MuKATsuKu　GRAv肌BED　AND　OLIvlNE－TRAcHYBASALT

　　1．　Muka’suku　gravel　bed（OKAMoTo　and　IMAMuRA，1964）

　　The　Mukatsuku　gravel　bed　lics　unconfbrmably　upon　thc　Kawashiri　fbrmation　and

othcrs，　and　is　ovcrlain　by　thc　Olivinc－trachybasalt　with　a　probable　confbrmity．　It　is

cxposed　narrowly　along　thc　boundary　bctwccn　thc　Olivinc－trachybasalt　and　the

underlying　strata　in　the　arca　west　of　Amagoi・dakc，　Mukatsuku，　Yuyaづima，　and

Shimado．　Consequcntly，　thc　gravcl　bed　is　not　shown　on　thc　gcological　map（Pl．　VI）．

This　gravcl　bcd，　about　5　m　thick，　is　chicHy　composed　of　gravcl　containing　rounded

to　subroundcd　pcbblcs　and　cobblcs　of‘‘rhyolitc　and　quartz－porphyry，，，　and　andesites・

with　subordinatc　conglomcratc，　sandstonc，　shalc，　basalt　and　tuff．　No　fbssils　are　co1－

1ected．　In　gcncral　thc　gravcl　bcd　inclincs　slightly　to　the　north－northwest．

　　2．Olivine・trachptbasait（KuRAsAwA　and　TAKAHAsHI，　K・，1960；OJr，1961a，　b）

　　This　basalt　overlics　the　Mukatsuku　gravcl　bed　with　a　probable　confbrmity，　and

is　developed　in　wide　extent　of　this　district　as　a　member　of　the　so－callcd　circum

Japan　sea　alkaline　petrological　province・This　basalt，　about　150　m　thick，　is　composed

of　lavas　intercalatcd　with　a　few　layers　of　conglomcrate　and　tuffaceous　rock．　At

places　the　dikes　and　sheets　of　thc　basalt　arc　fbund・

F．　FuRulcHI　and　OYAMA　GRAvEL　BEDS（OKAMOTO，1961；OKAMoTo　and　IMAMuRA，1964）

　　The　Furuichi　gravcd　bcd　is　dcvcloped　in　thc　arca　around　Furuichi　and　others．

The　Oyama　gravcl　bcd　is　cxposcd　in　thc　Oyama　arca　of　Tsuno－shima．　The　fbrmer

is　madc　up　of　fluvial　dcposits　and　thc　lattcr　probably　of　coastal　terracc　ones．

V．　GEoLoGlc　sTRucTuRE

　　Gcncrally　speaking，　thc　Tcrtiary　fbrmations　of　this．district　show　thc　so。called

Chikuh6　typc　structurc　dc丘ncd　by　MATsusHITA（1951），　which　is　convcniently　named

to　the　gcologic　structurc　charactcrizcd　by　the　dcvclopemcnt　of　normal　faults　of　NW

or　NNW　trcnd　in　thc　Chikuh6　coal丘cld　of　North　Kyushu．　Thc　fblds　of　each

Tcrtiary　unit　and　thc　faults　will　bc　givcn　as　undcr．

A。　FoLDS

L 　Palcogene　andesites
　　In毛he　northcastcrn　marginal　arca　of　thc　Yuya－Hioki　bay，　thc　Hypρrsthene－bear－

ing　pigconitc－augitc－01ivinc－and　Olivinc－andcsitcs　show　a　monoclinal層 structure，
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having　thc　strikc　of　WNW　dircction　and　dip　of　10－20°to　thc　south．　Then　thcsc

andcsitcs　have　thc　same　tcndcncy　with　thc　underlying　Kwanmon　group　in　structural

bchavior．

　　2．　　Hioki　group

　　Thc　Hioki　group　fbrms　an　asymmetrical　synclinal　or　scmi。basin　structurc　in

cach　of　thc　thrcc　differcnt　scdimcntary　basins（P1．　VI）．　That　is　to　say，　thc　group　in

thc　Kiwado　bay　shows　an　asymmctrical　synclinc　with　thc　axis　of　N－S　or　NNW　direc－

tion　along　the　Niigahama－Kiwado　fault；thc　group　in　thc　Yuya－Hioki　bay　makes　up

an　asymmctrical　synclinc（or　semi－basin）with　thc　axis　of　E・W　trcnd　plunging

slightly　to　thc　west　along　thc　Juraku－Kaikawa　fault；and　tllc　group　in　thc　Kottoi

bay　shows　also　an　asymmctrical　synclinc　with　thc　axis　of　NNW　dircction　along　thc

Waku－Shimoda　fault．

　　3．　y妙4・wan　gtoup

　　Thc　Ia－Ib　bcds，　tllc　lowcr　of　the　Igami　fbrmation，　in　tllc　Igami　arca　show　an

asymmctrical　synclinal　or　scmi－basin　structure　with　thc　axis　plunging　sliglltly　to　thc

wcst，　in　accordancc　with　that　of　thc　Hitomaru　fbrmation　of　thc　Hioki　group．　How－

cvcr，　thc　major　parts　of　thc　Yuya－wan　group　distributcd　from　Kayakari　to　Tsuno。

shima　show，　as　a　whole，　an　undulating　monoclinal　structurc　dipping　to　the　north－

northwcst，　rcpcating　minor　f（）lds　with　thc　axcs　of　NE　or　ENE　trcnd　plunging　somc－

timcs　to　thc　cast　or　thc　wcst．

B，　FAULTS

　　Thcrc　arc　somc　intcrcsting　faults　controlling　thc　Tcrtiary　distribution　and　struc－

turc　of　this　district，　i．c．，　thc　Niigahama・Kiwado　and　Waku－Shimoda　faults　of　N－S　or

NNw　trcnd，　and　thc　Kaisaku　and　Jaraku・Kaikawa　faults　of　E。w　trcnd（Pl，　vI）．　In

cach　scdimcntary　basin　thc　castcrn　or　northcastern　margin　of　thc　Tcrtiary　strata

rests　unconfbrmably　on　thc　bascmcnt　rocks，　whercas　thc　wcstcrn　or　southcrn　cnd　is

in　contact　with　the　bascmcnt　by　thc　fault　mcntioned　abovc，　along　wllich　thc　axis　of

syncline　runs．　At　somc　places　on　thcsc　fault　lincs，　thc　Tcrtiary　fbrmations　covcr　the

bascmcpt　rocks　with　an　unconfbrmity．　Th．esc　charactcristic　faults　must　bclong　to

thc　catcgory　of　the　so－called　fUndamental　fault（M∠、TsuslllTA　and　TAKAIIAs叫R．，

1964）or　thc　scdimcntary　fault＊by　SAKAKuRA（1964，　pp．133－137，　Fig．75）．

　　In　thc　wholc　of　the　district　thc　Tcrtiary　strata　arc　oftcn　cut　by　thc　faults　of　NNW

or　NW　and　E－W　or　ENE　dircctions．　Thc　Mukatsuku　gravcl　bed　and　thc　Olivinc－

trachybasalt　arc　also　faultcd　witll　tllc　samc　dircctions，　but　thc　displaccmcnt　is　mucl1

＊　According　to　SAKAKuRA（1964），　thc‘‘scdimcntary　fault，，　had　originally　bccn　produccd　bcfbrc　thc

　　accumulation　of　the　Tcrtiary　strata　in　thc　Chikuh6　and　othcr　coal　ficlds　of　North　Kyushu，　Aftcr　thaら

　　the　coal・bcaring　Tcrtiary　formations　wcrc　dcpositcd　unconfbrmably　on　thc　fault　scarp　of　thc　bascment

　　rocks，　and　thcn　werc　s！iding　down　a！ong　thc　scarp　by　thc　loading　of　thcmselves　in　thc　course　of　thc

　　deposition。　Consequcntly，　the　Tertiary　formations　arc　now　contiguous　to　the　bascmcnt　rocks　by　thc

　　interesting‘‘sedimentary　fault，9．
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smaller　than　that　in　thc　Tcrtiary．　In　thc　wcst　of　thc　district　thc　Tcrtiary　strata　arc

cut　by　thc　fault　of　N－S　or　NNE　trend．

VI．　FAuNAs　AND　FLoRAs

　　Fairly　abundant　fbssils　from　thc　Hioki　and　Yuya－wan　groups　are　classified　into

thc　fbllowing　assemblagcs：

　　Ashiya（Kiwado－Taoyama）faunule

　　Sasebo　non－marine　molluscan（Hitomaru）faunulc

　　Faunulc　of　the　Tsuno－shima　mcmber（unnamcd）

　　Noda　florule　　　　　　　　　．

　　Daib6　Horule

　　Yatsuo－Kadonosawa（Yuya－wan）faunulc

　　For　thc　pollen　and　spore　assemblages　from　the　Kiwado　member　and　the　Hitomaru

fbrmation　of　the　Hioki　group，　rcaders　are　refered　to　TAKAHAsHi，　K．（1963a，　b）．　The

fbraminifbral　asscmblagcs　arc　now　being　studied　by　the　writer．

　　」5妙a（Kiωado－Tao7amのプ加π〃le：The　marine　molluscs　exccpt　Bati〃・aria　takeharai

丘om　thc　Kiwado　membcr　and　the　Taoyama　fbrmation　of　the　Hioki　group　are　the

elements　of　the　Ashiya　faunule（fauna），　which　is　chiefly　distributed　in　Southwest

Japan　and　has　been　regarded　as　an　index．　of　Oligocene　or　Early　Miocene　of　Japan．

The　characteristic　species　are乃〃riteUa　infralirata　NAGAo，　Ettspira　as妙aensis（NAGAo），＊

Ph2〃oπo伽ashi　aensis（NAGAo），，　MolopOphorus　denselineattts（NAGAo），＊Acila　ashi　aensis

（NAGAo），＊Glycymeris　cisshuensis　MAKiYAMA，＊Chlamりs　as妙aensis（NAGAo），　Cra∬ostrea

sakitoensis（NAGAo），＊（7rassatel〃teりabei　NAGAo，レ”enericardia　subnipρoni‘αNAGAo，＊Pitar

α∫妙aensis（NAGAo），　Cal〃sta　hancaωai（NAGAo），＊1）osinia‘hikuζenensis　NAGAo，＊∠lngul〃5

MaκiMtts（NAGAo），＊ctc．，　with　thc　echinoid　E‘hinodis‘us　chikucenensis　NAGAo．　At　first

the　faunulc　was　dcscribcd　and　monographed　by　NAGAo（1928a，　b）from　the　Ashiya

group　and　its　equivaIents　in　North　and　Northwest　Kyushu．　After　that，　HATAI（1938），

HIRAYAMA（1956），　MlzuNo（1956，1964），　OYAMA　ct　al．（1960），　and　SHuTo（1963a）

studied　the　faunule．　According　to　them，　it　should　be　noteworthy　that　the　Ashiya

魚unule　contains　thc　elcmcnts　related　more　closely　to　the　Miocene　faunules　than

thc　Palcogcne　oncs　in　Japan，　though　thc　Ashiya　has　some　similaritics　to　the

Oligoccnc　Lincoln　and　Blakclcy　faunule　in　the　United　States．

Sasebo　non・marine　mollttsc⑳乙（Hitomaru）　faunule　：A　large　numbcr　of　CorろicuZa　matttsitαi，

with　a　fcw‘‘防oψα榔，，　sp．　and　paralic　P　molluscs，　wcre　obtaincd　from　the　lowest　of

thc　Hitomaru　f（）rmation　of　the　Hioki　group．　Thcse　fbssils　belong　to　the　Sasebo　non－

marinc　molluscan　faunule（fauna）by　SuzuK1（1941）．　In　the　pastα7∂icula　matusitai

had　bcen’found　from　thc　Miocenc　Ainoura，　Sascbo　and　N（）j　ima　groups　in　Northwest

＊　These　species　are　often　included　in　thc　strata　ovcrlying　or　underlying　t｝1e　Ashiya　group　and　its

　　equivalents．　　　　　　　　　　　　　　　　　　　　・
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Kyushu　and　thc　Koura　fbrmation　in　thc　San－in　district　of　Chugoku．　In　Northwest

Kyushu　thc　fbrmations　with　the　Sasebo　non－marine　molluscan　faunule　overlic　thosc

with　thc　Ashiya　faunule．

　　Fau〃ule　Of　the乃uno－shima　member（unnamed）：Thc　marinc　molluscs　such　as　Bat〃aria

takeharai，　Cerithium　sp．，αα∬ostrea　gravitesta　and（抄‘lina　jaψonlca　were　gathcrcd　from

thc　Tsuno－shima　mcmbcr　of　the　Hioki　group．　Thcsc，　togcther　with　thc　Sascbo　non－

marinc　molluscan　faunulc，　arc　fbund　in　the　Saseboan　Ainoura　and　Sascbo　groups　of

Northwcst　Kyushu（MIzuNo，1964）・伽∬o∫〃ea　gravitesta　and（7；vclina　japoni‘q　arc

commonly　discovcrcd　in　thc　so・called　Middlc　Mioccnc　strata　of　Japan，　though

Bat〃aria　takeharai　is　ncwly　fbund　from　thc　Taoyama　fbrmation　of　Kottoi．

　　Thc　Tsuno－shima　mcmbcr　is　probably　rcgardcd　as　a　part　of　thc　Kiwado　member

or　thc　Taoyama　fbrmation　from　thc　lithology　and　gcologic　structurc，　but　thc　fbssil

contcnts　of　thc　Tsuno－shima　diffbr　rcmarkably　from　thosc　of　thc　Kiwado　and　the

Taoyama．　Accordingly，　thc　facts　mcntioncd　abovc　bring　herc　a　contrast　bctwccn

thc　lithostratigraphy　and　tllc　biostratigraphy　of　thc　Tsuno－shima．　In　this　papes，

howcver，　thc　Tsuno・shima　mcmbcr　is　trcatcd　as　a　part　of　thc　Hitomaru　fbrmation

until　thc　morc　distinct　and　su伍cicnt　data　will　bc　obtaincd．

　　ハ「oda　Jlorulc：This　florulc（IMAMuRA，1958）was　collcctcd　from　thc　uppcrmost　of

thc　Kiwado　mcmbcr　of　thc　Hioki　group　at　Noda．　It　is　important　by　reason　that　fbssil

Plants　havc　not　yct　bcen　rcported　from　the　Tertiary　strata　of　Japan　dorrelatcd　with

this　mcmbcr．　Among　thc　plants　discriminatcd，　the　spccies　such　asノ’uglans　nige〃α，　C£

J・acuminata，　Betttla　Brongniarti，　Cα∫£απεαKubinpti，　C．　Uπ9εγ三，　Fα9㍑∫ノlntip｛｝ft，　and　Ficus

tiliaefolia　arc　found　from　the　Eoccne　to　Miocenc　strata　in　and　around　Japan，　whcrcas

the　clemcnts　such　as　PePulus　za曲砿（｝uercus　Lptαilii，（L．　cf．　gl・飢1磁di‘α，　Br・μ∬・顧αcf．

1毎αiちCεr‘idψ妙llum　8｛ijaPo驚i‘um，　Platanusα‘8ro三dε∫，　CeZastropiζyllum　cf．σ¢παε㍑7π，　Rhamiこ麗∫

c£Ro∬d∬leri，　and　Viburnumハ「ordenskiδldi　occur　rcstrictcdly　in　the　Palcogcnc　fbrma－

tions　ofJapan　and　its　adjaccnt　rcgions．　Thc　proportion　of　tlle　fbrmcr　spccics　to　thc

latter　is　ncarly　cqua1．　Consequcntly，　it　was　thougllt　by　IMAMuRA（1958）that　this

Horulc　is　a　Palcogcnc　typc　and　indicates　Oligoccnc　in　agc．

　　According　to　TAKAHAsHI，　E・（1959b），　tllc　florulc　consists　mainly　of　tcmperate

broad－1eavcd　trccs　with　a　few　cvcrgrccn　Lauraccac，　showing　thc　floristic　composition

in　thc　middlc　to　lowcr　latitudcs　of　tcmpcratc　zonc．

　　　Daib∂JIOrUle：This　norulc（IMAMuRA　and　WADA，1956；IMAMuRA　and　OKAMoTo，

1959）was　gathcrcd　from　thc　middlc　of　thc　Hitomaru　fbrmation　of　thc　Hioki　group

at　Daib6　and　Yamanc．　It　consists　of　temperate　clemcnts　such　asこllmus，　Zelkova，∠1cer，

Carpinus　and　warm　clcmcnts　such　as」乙iguidaMbar　and　Cinna／noMtt／n，　with　somc　Paleo・

gene　spccics　as　Platanus　c£aceroides（TANA1，1961）．　As　fbr　the　geologic　age，　therc

are　divcrgcnt　opinions．　TAKAHAsHI，　E．（1959b）considered　that　the　florulc　in　question
is’

more，intimate　with　the　Noda　norule　than　the　Early　or　Earliest　Mioccnc　Ainoura

nora（TANAI　and　ONoE，1956；TANAI，1961），　which　is　thc　Ncogcnc　type　with　somc

Paleogene　relic　species，　from　the　Ainoura　group　in　Northwest　Kyushu．　By　this

reason　hc　placcd　the　agc　of　the　florulc　at　Oligoccnc．　On　thc　otllcr　hand，　TANAI

98



Tertiary　Formations　in　the　Yuya・wan（bay）Dlstrict

（1961）regarded　the　Daib6　florule　as　a　closely　similar　one　to　the　Ainoura　type　flora

in　respcct　to　f【oristic　composition　and　componcnts．　Thc　writcr　prcfers　TANAI，s　view

to　TAKAHAsHI’s，　with　an　opinion　that　thc　Hitomaru　fbrmation　can　bc　correlated　with

apart　of　thc　Ainoura　group　from　thc　occurrencc　of　Corbicula　Matusitai　etc．，　as　well　as

from　the　lithofacies　and　volcanism．

　　Yatsuo－Kadonosaωa（y妙α一wan）faunule：Among　thc　marinc　molluscs　from　the　Yuya－

wan　group，　thc　important　oncs　are　as　fbllows：

　　Bat〃aria・ta伽ai，　P・linices　c£Meisensis，　SiPh・na〃α・∫αωαπ・ensis，　Nuctt伽a　c£Pennula，

Yotdia　c　

f．　tokunagai，　PropeaMttssiumこごzteiwai，　CんZαηり∫cf．　arakaωai，　C．　cf．　miptatokoensis，

K・’・raPecten　C£egregiUS，　Lima　C£k・nn・i，　PaPhia　C£伽勿ω履，　Te〃加C£π・’・en・is・

Cttspidaria　cf・osaωanoensis，　ctc・

　　These　are　the　clcmcnts　or　the　accompanists　of　the　so－called　Yatsuo－Kadonosawa

魚unule（fauna），　bcing　distinctly　diffcrent　from　those　of　the　Ashiya　faunule．　The

echinoid　Echinolamψas，70shiwarai　is　also　accompanicd　by　this　faunule．　（］ra∬estrea　cf．

sakitoensis　which　came　from　the　Kawashiri　fbrmation　is　only　a　relict　of　the　Ashiya．

The　Yatsuo・Kadonosawa　faunule　in　association　with翅ogフψ5吻andの〃‘ttlina　was

extehsively　flourished　in　Japan　at　Middl．e　Miocene．

VII．　CoRRELATIoN　AND　AGE

　　The　correlation　among　the　Tertiary　f（）rmations　in　the　Saikai　sedimentary　provipce

including　the　surveyed　district　and　the　adjacent　Setouchi　and　San－in　sedimentary

provinces　is　summarized　as　shown　on　Table　2．　For　the　correlation，　the　writer　takes

into　consideration　not　only　the　fbssil－evidencc　but　also　the　stratigraphic　records

including　sequence　of　strata，　lithofacies，　cycles　of　sedimcntation，　stratigraphic　breaks

and　volcanism．　The　detailcd　account　of　the　correlation　was　given　by　OKAMoTo　and

IMAMuRA（1964）．

　　The　Hypersthenc－01ivinc－basalt，　the　Hypersthene－bearing　pigeonite．augite－01ivine－

andesite　and　othcr　andesites　scarcely　have　evidence　f（）r　age－determination　except　the

fact　that　the　basalt　rests　on　the　Yahata　f（）rmation　and　is　covered　by　the　Hioki　group．

These　volcanic　rocks　seem　to　be　lithologically　younger　than　the　Sakugi　volcanic

rocks（YosHIDA，1961）yielding　the　Senonian　Suritaki　florule（END6，1959；IMAMuRA，

YosHIDA　and　MIuRA，1960）in　Hiroshima　Prefecture．　Accordingly，　the　age　of　these

basalt　and　andesites　is　probably　placed　at　a　Paleogene・

　　As　f（）r　thc　age　of　thc　Hioki　group，　the　Sakaigawa　and　Taoyama　formations　might

be　assigncd　to　Oligoccnc　from　the　viewpoint　of　thc　Ashiya　faunule　and　the　Nodd

florule，　though　TAKAHAsHr，　K．（1962，1963a）considered　that　the　pollen　and　spore

florule　of　thc　Kiwado　member　belbngs　to　his　Miocene　Sascbo　pollen　florule（1961）．

On　the　other　hand，　thc　Hitomaru　fbrmation五s　placed　at　Early　Miocene　from　the

occurrence　of　Cerbicula　matusitai　and　the　Daib6　florule．

　　On　thc　basis　of　the　planktonic　f（）raminifera，　however，　AsANo（1962a，　b）stated
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that　thc　accumulation　of　the　Kishima　group　in　Northwcst　Kyushu　started　at　thc　time

represc籠tcd　by　the（7atapsptdrax　di∬加跳一C．　stainforthi　zones　of　Trinidad．　Moreover，

SHuTo（1963a，　b）inferred　that　the　ages　of　the　Kishima　fbrmation　and　the　Kishima

group　without　thc　Kishima　fbrmation　arc　probably　assigned　rcspectively　to　Rupelian－

Chattian　and　Aquitanian　from　the　Tertiary　Iithologic　scquence　and　the　timc・range

of　planktonic　foraminifera　in　Japan．　If　so，　it　may　be　more　apPropriate　to　place　the

ages　of　thc　J負raku　member　and　the　Hioki　gro叩excluding　thc　Jαraku　at工ate

Oligoccne　and　Early　Miocenc（Aquitanian）respectively．

　　Thc　Yuya・wan　group　can　be　placcd　at　the　horizon　of　the　so－callcd　Yatsuo－

Kadonosawa　faunule　associatcd　with　Miogフ，psina　and　OPercuZina．　SAITo（1963）rcgards

the　1匝o＆以）∫加αand（〕）perculina－bcaring　horizon　as　the　I3urdigalian　Globorotalia／b1診∫ε

barisaensis　zonc．　Thcrc｛brc，　the　Yuya－wan　group　is　assigned　to　Middle　Miocene

（Burdigalian）in　agC．

　　The　Bronzitc－augite－andesite　and　the　Quartz。dolerite　scem　to　be　thc　equivalcnts

of　the　K6yama　basalts，　namcly，　thc　bronzitc・augite－andcsitc　aud　quart名・dolcritc（OJI，

1961a，　b）at　and，　ncar　K6yama－misaki（cape）in　the　northeast　of　Yamaguchi　Prcfec－

ture．　Morcovcr，　the　so－called　K6yama　basalts　arc　thought　to　corrcspond　to　thc　Latc

Mioce雛e　Hizcn　dolerites　in　Northwcst　Kyushu（MATsuMoTo，　Y．，1961，1963）．　Accord－

ingly，　the　age　of　the　andesite　and　dolerite　is　probably　assigned　to　Late　Mioccnc．

The　age　of　thc　Rhyolite　intruding　into　thc　Paleoge纂e　andcsite　at　the漁orthwest　of

Tsu6　is　placed　at　Late　Miocene　or　Early　Plioce漉e　aRer　OJ夏（1961a，　b）。，

　　　The　Mukatsuku　gravcl　bed　and　thc　Olivine－trachybasalt　are　rcspectively　c◎rrclated

with　the　Hachi籍◎kubo　and　Saτushl　gravcl　beds　and　the　Matsu縫ra　basalts　i籍Noぎthwest

Kyushu，　both　of　which膿assig論cd　t◎aPli◎cc捻e　by　YA漉AsAK三（1959a），　MATsびM◎丁◎，

Y。（1961），　TAcHIBANA（1963）a鍛d　others．　Th疑s　thc　age◎f　thc　M矯k紋ts犠k疑g職vcl

　bed　a薮d　thc　Olivi捻c－trachybasalt　is　c◎nsidcτcd　t◎be　a　Pli◎ce論c，　tho婆gh　there　arc

◎ther　opi簸io益s　o籍this　s犠切ect　by　TAKA琵As践1，　E．（1953）繍d　IwA撚s蓬∬（196ね）。

VIII．　REMARKs　oN　THE　TERTIARy　GEoT．oGlc　I｛lsToRY　AND

　　　　　　　　PALEoGEoGRAPHY　OF　WES’r　CHUGOKU

　　Thc　Tcrtiary　gcology　of　thc　Yuya－wan　district　is　not　similar　to　that　o丘thc　Sctouchi

and　San－in　scdimcntary　provinccs，　but　to　that　of　the　Saikai　scdimentary　proviucc．

In　othcr　words，　thc　Tertiary　geologic　history　of　West　Chugoku　had　bcen　dcvcloped

in　closc　conncctio皿with　that　of　North　and　Northwcst　Kyushu，　as　will　bc　rcmarkcd

in　the　ensuing　Pages・

　　Eθ㈱ハ「b8gtan（Okingshiman）age：Thc　oldcst　Tertiary　strata　i総We§乞Ch縫g◎k疑is

the　Upper　B◎ce籍c　Ube　group（MATsuMoT◎，　Taka圭chi　a轟d　S猛τ◎，1961）i箆Ube　a登d

its　a｛灘acent　aごcas，　wh三ch　is　c◎rぎelated　with　thc　fbr瀟翁ti◎無s◎f　N◎rth　aRd　Ngrthwest

Kyush疑at　N6gat鍛age．　The　T戯iary　＄trata　in　the　chvir◎籍s◎f　Ya田轟g“chi難◎rth¢ast

of　Ube　aごe　als◎regaどded畿s　the　c◎πclativcs　with　th¢Ubc　gτo疑p　f沁擶theユ辻h◎飯cies
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TABLE　2　CoRRELATIoN　AMoNo　THE　TERTIARY　FoRMATloNs　oF　THE　Sa　IKAr，1N　wmcK　THE　YuYA・wAN　DlsTRIcT　rs　INaLuDED，　SETouaM　AND　SAN・IN　s助1M酬TARY　PRov1NcEs・
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　　　Sasebo　and　Chikuh6　coa田elds・…・・As州o（1962a，　b），　IwAHAsm（1961a，　b，　c），　MATsul（1961），　MATsuMoTo，　Y・（1961，1963），　MATsusHITA（1949），　MATsusHITA　ct　a1・（1956），　M：zuNo（19〔漣），
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　　　South　Korea＿＿TAKAIIAs煎，　E．（1959c），　TATElwA（1924），　and　TsuRuTA・（formerly　KANEHARA）（1936）．　　　　　　　　　　　　．．
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FIG．3a　Paleogeographic　n｝ap　at　N6gatan（Okinoshiman）age．

　　　　The　paleogeographic　maps　of　Kyushu　in　Figs．3a－d　are　compiled　from　those　by

　　　MATsusHITA（1949），　MATsusHiTA　et　al．（1956），　MrzuNo（1964），　and　SHuTo（1963a）．

（MATsusHITA，　TAKAHAsHI，　E．　and　TsuYuKI，1959）・Accordingly，　the　paleogeographic

map　at　this　agc　will　be　givcn　as　shown　in　Fig・3a・

　　In　the　Yuya－wan　district　thcrc　are　the　Palcogene　basalt　and　andesites．　The　volcanic

activitics　during　Palcogcne　in　North　and　Northwest　Kyushu　were　inferred　by　OHARA

（1962）from　the　heavy　mincral　associations　of　the　Tertiary　strata・At　the　present

timc，　howcvcr，　the　relationship　among　the　volcanic　activities　in　these　districts　is　not

clear　and　accurate，　because　the　volcanic　activities　similar　to　those　in　this　district　can

not　be　lbund　in　North　and　Northwest　Kyushu．　Moreovcr，　the　basalt　and　andcsites’

of　this　district　secm　to　differ　petrographically　from　the　so－called　Paleogcne（or　the

Latc　Cretaccous）andesites　in　Hamada　and　Masuda　cast？northeast　of　the　district

（MuRAKAMI，1959；FuJITA，1964）・Thc　stratigraphic　rclationship　bctwccn　the　Ube

group　and　thc　basalt　and　andcsites　in　qucstion　is　not　dctcrmined　too・

　　　　　　　　　　ハ
　　0〃80‘6π60tsu　1’ianごo　ear〃θ5’Eα吻Chikushian（Funacuan　toルfaζean）〃86：　After　the

crhption　of　thc　basalt　and　andcsitcs，　thc　paralic　Jαraku　member　of　the　Hioki　group
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West
Chugqku

Fia．3b Palcogcographic　map　at　Otsuj　ian　to　carlicst　Early　Chikushian（Funazuan　to　Mazcan）agc．

　and　its　cquivalcnts（thc　so－callcd　Otsuji　group）at　Otsujian　to　tllc　carlicst　Early

Chikushian（Funazuan　to　Mazcan）agc　wcrc　accumulatcd　in　thc　cnvirons　of　Yuya－

　wan，　thc　Nishiichi　arca（TAKAHAsElr，　K・，1961）and　Shimonoscki（UyEDA，1957）・

　Thc　palcogcographic　map　during　thc　agc　is　givcn　as　shown　in　Fig・3b・

　　　In　thc　Saikai　scdimcntary　provincc　thc　accumulation　of　thc　Palcogcnc　f（）t’mations

　started　gcncrally　carlicr　in　thc　southwcstcrn　’　arcas　than　in　thc　northcastcrn　arcas．

　The　dcposition　of　thc　strata　in　thc　Yuya－wan　district，　which　is　situatcd　in　thc　most

　nortllcast，　commcnccd　at　this　agc，　bcing　fUrthcr　latcr　than　in　Kyushu．　From

、this　fact，　it　is　concluded　that　tllc　transgrcssion　progrcsscd　from　thc　southwcst　to　thc

　northcast．

　　　In　North　Kyushu　thc　scdimcntary　basins　for　thc（coal・bcaring）Tcrtiary　strata　had

been　providing　therc　until　a　latcst　Crctaccous　or　an　carly　Paleogcnc（MA・二・susHrrA，

　1949；URATA，1962；SAKAKuRA，1964）by　thc　movcmcnt　of　undulating　and　faulting

of　NW－SE　or　NNW－SSE　direction　namcd　thc　Korcan　trcnd　by　Tatciwa（1952）．　Thc

　so－calllcd　fUndamental　faults　are　originatcd　from　this　movcmcnt．　Thc　similar　phe－

　nomena　can　also　bc　f（）und　in　Wcst　Chugoku．　Accordingly，　thc　Kiwado，　Yuya－Hioki，
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FiG，3c Palcogeographic　rnap　at　Early　Chikushian（Nishisonogian）age．

Kottg圭and　Nishiichi　scdimcntary　basins　arc　thought　to　havc　been　prepared　fbr　the

H．ioki　group．　Thc　wcst　margins　of　thc　Tcrtiary　strata　in　thc　Kiwado，　Kottoi　and

Nish圭ichi　bays　arc　rcspectivcly　distikguishcd　from　the　basc醗e鍛t　by　the　Niigaha搬a－

Kiwado，　Waku・Shimoda　and　Ishimachi　fUndamental血ults　of　NNW－SSE　direction　or

the　Korcan　trcnd，　and　thc　south　margin　of　thosc　in　the　Yuya－Hioki　bay　is　also

rcstrict¢d　by　thc　Jgrakll－Kaikawa　fuRd徽c就aH為幾1t　of　E－w　directioR　Rearly　parallel

to　thc　Setouchi　trcnd　by　HuzlTA（1962）．　While　in　the　Chikuh6　and　Kokura　coal

五elds　and　Shimonoseki　thc　cast　margin　of　thc　Tcrtiary　strata　in　each　scdime猷ary

basin　ls　bordcrcd　by　thc舳nda瓶cntal鋤1t　of　NNW－SSE　d三rection．　Thc　fault　similar

to　thc　Jαraku－Kaikawa　onc　is　fbund　on　thc　south　limit　of　thc　Fukuoka　coal　field．

For　thc搬◎rc　dctailcd　d圭sc疑ss三〇n　of　thc　funda！nc搬al§tr縫c繊どc◎f　thc　Tcrtiary　i簸

North　Kyushu　and　West　Chugoku，　rcadcrs　should　bc　rc伽rcd　to　T．　MATsuMoTo，s

cxccllcnt　papcr（1951）．

　　IR　North　Kyushu　thc　N6gataR（Oki盤oshima益）stagc　i§ovcrlaiR撒c◎nfermably　by

thc　Otsujian（Funazuan）stagc（MATsusmTA　et　al．，1956），　though　in　Northwest

Kyushu　thc　stratigraphic　rclationship　bctwccn　them　sccms　to　be　Conf（）rmable　in　some
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FIG。3d　Pacogcographic　map　at　Latc　Chikusian（latc　Scscboan）agc．

placcs，　but　not　in　othcr　placcs．　In　Wcst　Chugoku，　howcvcr，　thc　Otsujian　or／to　thc

lowest　Lowcr　Chikushian　Jtiraku　member　and　its　cquivalcnt　arc　devclopcd　scparately

丘om　thc　N6gatan　Ube　group，　covering　dircctly　thc　bascment　rocks（Figs．3a－b）．

From　thcse　fhcts，　it　can　be　concludcd　that　thc　uplift　of　the　bascmcnt　took　place　in

the　ccntral　and　northcrn　Kyushu　and　thc　south　sidc　of　Wcst　Chugoku　at　thc　timc

betwccn　N6gatan　andαsujian　agcs，　causing　a　rcmarkable　change　of　palcogcography．

This　is　comprchended　as　the　embryonic　phase　of　thc　Takachiho　disturbancc（SHuTo，

1963a），　which　corresponds　apProximatcly　to　the　latc　Palcogcnc　to　carly　Ncogcnc

movcmcnt　of　thc　Takachiho　phasc（KuRoDA　and　MATsuMoTo，　T．，1942）in　thc　Outcr

zonc　of　southwcst　Japan．

　Miocene　Eα吻Chikusliian（ハ「ishisonogian）age：Thc　palcogcographic　map　f（）r　thc

Kiwado　mcmbcr　and　tllc　Taoyama　fbrmation　of　thc　Hioki　group　and　thc　Ashiya

（Kishima＞group　at　Early　Chikushian（Nishisonogian）agc　is　given　as　shown　in　Fig．3c．

　In　gencral　this　stagc　is　gradual　and　succcssivc　from　thc　underlying　lowcst　Lowcr

Chikushian　stage，　though　the　fbrmcr　ovcrlics　unconfbrmably　the　lattcr　in　some　placcs

of　Kyushu．　Thc　so－callcd　Ashiya　marine　invasion　pcnctratcd　into　thc　land，　and　the
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Ashiya（Kishima）group　was　accumulated　respectively　in　the　Sasebo－Karatsu　and

Chikuh6　coal　fields　of　Kyushu，　the　Yuya－wan　district　and　others．　Each　embayment

is　considered　to　bc　joined　with　an　opcn　sca　situatcd　in　the　reccnt　Sea　ofJapan（SHuTo，

1958），and　therc　is　a　tendency　that　thc　embayments　become　generally　smaller　in

scale　from　the　southwest　to　the　northcast・The　embayments　f（）rmed　through　Otsujian

to　Early　Chikushian　age　arc　called　thc　Palco－Genkai　embayments　by　MATsusHITA

（1949）・In　the　Yuya－wan　district　the　Early　Chikushian　Kiwado　member　and　Taoyama

f（）rmation　appear　in　the　Kiwado，　Yuya－Hioki　and　Kottoi　bays，　but　the　earliest五ate

Chikushian（earliest　Sascboan）Hitomaru　f（）rmation　of　the　Hioki　group　is　missing　in

thc　Kiwado　and　Kottoi　bays．　Taking　the　scale　of　the　basins　and　the　movement　of

basement　with　sedimentation　under　consideration，　the　Kiwado　and　Kottoi　bays　are

probably　inferrcd　not　to　be　capable　of　thc　accumulation　of　the　Hitomaru　fbrmation．

The　maximum　invasion　would　be　indicated　by　the　shale　facies　of　the　Taoyama

formation，　and　thc　rctreat　of　this　sea　began　with　the　deposition　of　the　paralic

Hitomaru　fbrmation．　A　probable　diastem　slightly　abovc　the　bottom　of　the　Hitomaru

formation　cxhibits　pcrhaps　the　first　phase　of　the　Takachiho　disturbance（SHuTo，

1963a）．

　　Recently　SHoJI（1960）gave　the　discussion　on　the　volcanic　detritus　incorporated

cyclothematic　arrangement　in　the　coal－bearing　strata　in　Japan．　In　the　surveyed

district　each　of　the　J負raku　and　Kiwado　members　is　composed　of　a　cyclothem，　having

remarkable　tuff　or　tuffaceous　rocks　at　the　top．　The　tuff　or　tuffaceous　rocks　have

thin　coaly　shale　intcrcalations　at　their　basal　part．　Throughout　the　Hioki　group，　the

tuffaceous　rocks　seem　to　relate　to　cyclothematic　deposition．

Miocene　latest　Late　Chikushian（late　Saseboan’）age：The　Yuya－wan　group　was　made

up　by　the　new　invasion，　which　is　called　the　Mizuho　submergence　by　YABE　and　AoKI

（1923），at　the　latest　Late　Chikushian（late　Saseboan）age．　The　paleogeographic　map

at　this　age　is　given　as　shown　in　Fig．3d．

　　The　Yuya－wan　group　rests　disconf（）rmably　on　the　underlying　Hioki　group，　and

the　Kasc　f（）rmation　of　thc　Sasebo　group　in　Northwcst　Kyushu，　which　is　the　cor－

relativc　with　thc　Yuya－wan，　lies　also　unconf（）rmably　upon　the　Fukui　fbrmation　of

the　samc　group，　though、thc　cquivalent　of　thc　Yuya－wan　is　not　fbund　in　the　Chikuh6

and　its　adjaccnt　coal’fields．　In　the　Susa　and　Masuda　areas　east－northeast　of　this

district，　on　thc　other　hand，　the　Susa　fbrmation（MuRAKAMI，1963）and　Masuda　group

（FuJITA，1964），　both　bcing　thc　equivalents　of　the　Yuya－wan，　rests　unconfbrmably　on

the　Crctaccous　or　Palcogene（？）volcanic　rocks　and　others．　Differently　cxpressed，　in

Wcst　Chugoku　and　Northwcst　Kyushu（the　Saikai　scdimcntary　provincc），　there　is　a

serics　of　the　Tertiary　strata　under　thc　Yuya－wan　group　and　the　Kasc　fbrmation，　while

in　thc　Susa　and　Masuda　areas（the　Setouchi　scdimcntary　province）the　Susa　f（）rMa－

tion　and　thc　Masuda　group　covcr　dircctly　thc　basement　rocks．　This　is　the　most

distinct　diffcrencc　bctwccn　thc　Saikai　and　Sctouchi　scdimentary　provinces．　In　addi－

tion　to　thc　fact　mentioncd　abovc，　thc　followings　arc　pointed　out　by　the　CENozoIc

REsEARcll　GRouP　of　souT正lwEsT　JAPAN（1960）as　the　diffcrcnces　between　the　saikai，
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and　thc　Sctouchi　and　San－in　sedimentary　provinccs：1．　the　presence　of　thc　Tcrtiary

thick　frcsh－and　brackish－watcr　scdiments，2．　the　Tertiary　accompanicd　with　the

plutonic　activity，　and　3．　thc　widc　distribution　of　the　latc　Ncogcne　plateau　typ6　basa1亡

in　thc　Saikai　scdimentary　provincc．　From　thesc　charactcrs，　it　is　thought　by　the

GRoup　that　thc　Saikai　province　has　a　closc　relationship　to　the　Asiatic　contincnt．

Further，　at　Early　to　Middle　Miocene　some　volcanism　from　acid　to　intcrmcdiatc　took

placc　in　thc　Saikai，　whereas　the　intcnsive　volcanic　activities　from　basic　to　acid　did

in　the　widc　extent　of　thc　San－in．

　　The　disconf（）rmity　bctwccn　thc　Hioki　and　Yuya－wan　groups　is　regardcd　as　thc

sccond　phasc　of　thc　Takachiho　disturbance（SHuTo，1963a）．　In　thc　Yuya・wan　district

the　cmbryonic　and　sccond　phascs　of　thc　Takachiho　disturbance　secm　to　bc　cxprcssed

as　stratigraphic　brcaks　more　conspicuously　than　in　Northwcst　Kyushu．

　　Thc　Yuya・wan　group　bcgan　to　bc　dcpositcd　in　thc　Yuya－Hioki　bay　as　far　as　thc

writcr　obscrvcs，　and　thc　Kiwado　and　Kottoi　bays，　which　conccivcd　thc　Hioki　group，

had　bccn　probably　diminished　and　disappcarcd　until　this　timc．　Judging　from　thc

latcral　changc　of　lithofacics　and　thickness，　thc　sedimcntary　structurcs　and　thc　occur－

rence　of　f（）ssils（Rlcll，1950，1951；ARAI，1960；MrrsuNAsm　and　KAKiMI，1964），　it　is

inferrcd　that　thc　bascmcnt　rocks　wcrc　inclined　to　thc　northwcst　in　the　latcr　coursc

of　accumulation　of　the　Yuya－wan　group，　and　that　thc　rapid　uplift　of　thc　hintcrland

was　associatcd　with　thc　outbuilding　of　the　thick　deposits　extending　in　ENE。WSW

trend．　This　fact　coincides　well　with　a　tcndency　of　the　northwestward　migration　of

thc　sinking　center　of　sedimentary　basin　in　Northwest　Kyushu（MATsusH蝋，1949；

URATA，1962），　and　it　is　also　infcrrcd　that　the　Upper　Chikushian　stage　was　accumulatcd

not　in　North　Kyushu，　but　ofr　that　district．

　　It　is　concludcd　that　thc　Wcst　Chugoku　was　bcing　upliftcd　during　and　a氏cr　thc

latest工ate　Chikushian　agc　from　thc　inclining　of　thc　bascmcnt　rocks　to　thc　northwcst

and　no　finding　thc　latc　Ncogcnc　strata　there．　Thc　Aki　arca　of　uplift　callcd　by

HuzrrA（1962）in　Wcst　Chugoku　scems　to　imply　thc　fact　tncntioncd　above．　Through－

out　Mioccnc　to　a　Plioccne，　thc　fhulting　of　NW－SE　or　NNW－SSE　dircction　callcd　thc

Korcan　trend　and　that　of　E－W　or　ENE・WSW　dircction　parallcl　to　thc　Sctouchi　trcnd

were　bcing　probably　activc．　Bcsidcs　thcsc，　thc　faulting　of　NNE・SSW　or　N－S　dircc－

tion，　which　is　parallcl　to　thc　trcnd　of　thc　Ryukyu　arc（NAuMANN，1885；TATEIwA，

1952），had　also　bccn　activc　until　thc　latc　Ncogenc．
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