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KnockercatalogueoftheMineokaophiolitebelt，BosoPeninsula，Japan  

Y咄roOGAWAl，RyotaMORIl・コ，NaotoHIRANOl13，AkikoTAKAHASHl11MiaMohammadMOHIUDDINl・5、  

HiroshiSATOlj、，ToshiakiTSUNOGAEl．MasanoriKUROSAWAl，＝idetsuguTANIGUCH77and一もeCHIBAl  

thebelthavebeenstudiedbymanygeologists（mostof  

the relevant references are listed in Chiba Prefectclrc 

HistoryResearchAgency，1997），butthereareinsu用－  

Cientexposurestoproperlyunderstandthetectonicsof  

thebelt．Duringthecourseofourresearchovel■thelast  

thirtyyears，Wehavcattemptedto describcthcstrLIC－  

ture，PetrOgraPhy，petl・OIogy，Chemistryandageol’these  

rocks（Hiranoe，Ta］．，2003こSatoandOgawa，2000こSato  

e／a／．，1999，andreftrencesprovidedabove）．Herc、We  

revisethesedescrlPtlOnS，andprovidebothpreviously  

publishedandnewillustl・ationsanddatainacompila－  
tion ofrelevant data fbruseinfuture studies．Wc ca11  

thispaperacatalogue：itsprlmarypurPOSeistoguide  

researcherstospeC浦coutcropsandtodeseribethem．  

butwithout pI・OViding spec捕cinterpretations orthe  

geology ofthose outcrops 

7bsupportoursummariesofknockeroccurrcnces．  

WePrOVidemaps，軸ures，andtables，anddescribetheir  

basic characteristics（e．g．，location，Size，andlithoト  

Ogy）（TbblelinAppendix）．Thechemistryofigneous  

andmetamorphicrockshasbeenanalyzedfbrmanyor  

theseknockeroccurrences，andcompositionaltablesor  

mqlOr，traCe，andinsomecasesrareearthelementsare  

included（Tbbles2，3，4），buttheinterpretationofage  

datawillbepublishedelsewhere（Moriefal．、Submiト  

tedニHiranoetal．，inpreparation）．   

We used mainlyl：25．000－SCale GeographicalRe－  

SearChInstitute maps fbr this prq）eCt，SuPPOrted by  

SOme GPS data．The size ofindividualblocks was  

determinedeitherbymeasurementstakeninthe頁eld，  

Or斤ommaps．Foreach area、the distributions ofthe  

blocksare shownin separatemaps，butthel：25，000  

mapsshowthebasielocations．DescrlptlOnS PrOCeed  

fromeasttowest，什omtheKamogawaarea（ineluding  

Yo－OkaBeachand Shinyashiki，andeasternMineoka  

Hills）、tOtheMineoka－Sengenarea（includingrniddle  

Mineoka Hi11s，Shiratakiand Nishi），tO the Hosono－  

Mt・Atagoarea（includingwestempartMineokaHi11s．  

KobataandHinata），and貞nallytotheHegul・i－Yamada  

area（includingthegolfcourse）．   

Schematic cross seetions that were publishedin  

the1980sareprovidedin Fig．2、but notethatthese  

diagramsre頁ecttheviewatthattime、andbecausethe  

knockersareconsideredtobesurr・Oundedbvasheared  
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Abstract   

This paper summarizes the occurrence ofknock－  

ers（exoticblocksstandingabovethelocalterrainin  

fhultzone）oftheMineokaophiolitebelt，BosoPenin－  

Sula，Japan，n’0rnPublisheddata，薫gures，refbrencesas  

Wellas some new data・Four areasin particularare  

described，the Kamogawa，the Mineoka－Sengen，the  

Hosono－Mt・Atago，and tlle Heguri－Yamada areas．  

Tablesofknockeroccurrencesandchemistrydataare  

PrOvidedasappendices．Interpretationanddiscussion  

OftheanalytlCalirnplicationsofthedatapresented，and  

agedata，arCPrq）eCtSfbrthe凡1ture．   

Keywords：Mineokabelt，Ophiolite，knocker，eXOtic  

block，mOdeofoccurrence，Chemicaldata  

Introduction   

A“knocker”is de負ned as an exotic，hardblock of  

rock standing abovc thelocalterrain within a払ult  

zone or chaotic zone．This terrnWaS重rst usedin the  

geologlCaldescrlPtlOn Of the Franciscan melange  

（Karig、1980）．Itis used mostly fbr high pressure  

metamorphicrockblocks，butalsofbrbasaltandchert  

－1imestoneblocks，OreVeninsometerrlgenOuSSedi－  

mentary rocks．However，in the surfhce expression  

Ofophiolite milange belts，SuCh blocks are unusual  

OCCurrenCeSWhencomparedtotheusualsedimentary  

fbrmationsこtheyaresoconspICuOuSthattheirmodeof  
OCCurrenCeCanPrOVideakeytounderstandingthepro－  

CeSSeSandmechanismsofdefbrmationandemplace－  

mentofmetamorphicand／oroceanicrocksonland．   

TheMineokabelt（Fig．1）isamilangebelt（Ogawa，  

1983；Ogawa andlもniguchi、1987，1988）or a fault  

belt（Takahashiet al．，2003；Ogawa and Takahashi、  

2004）thatischaraeterizedbyknockers・Therocksin  

1DoetoralProgramirlEarthEvolutionScienees，UniversltyOfPrhku－  

hLT丸正ub軋305－857コ、Iapan（e－111ai】：村OgaWa45＠yal－00．COJp）  
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Ogawa，Y．ピ／〟／．  

Fig・1IndexlmaPOftheMineokabelt（adoptedfromTakahashie（a／・（2003）withsomerevisions）1  
Showlngfburrepresentativeareasinthispaper．  

P＝owlava＆dolerite  

etcomplex  Kamogawa  

Shinyashiki KojiT  

Pit暮0血Iava  hornblendeschist KojimaFormation  doIeritedyke  

HegurトNaka  ／  

く一㍉・一．  Fig．2 Schematiccross sectionsoftherepres－  

entative areas of the Mineoka belt  

（mostlyadoptedn’OmOgawaandTani－  
guchi（1987．1988）withsomerevisions，  

as observedinlate1980s）．Attention，  

inthesesections，Serpentiniteisshown  

as sheared butin fhct mostly massive  

as blocks otherwiseindicated（See also  

Fig．4）．   

で 
・ 

gIauconitemudstone            ■■一 ＿    一＿l  

コ■ limestone  

P＝owIava  

dolerite dyke 
Sheared  

basaltlava  

SerPentinite  
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KnockercatalogueoftheMiIICOkaophiolitebclt   

knocker，StartingintheeastoftheMineokabelt（Fig，1）．   

助肋柳肌ⅧⅦ   

The Kamogawa areaincludes both Kamogawa  

Harboranditssurrounds：丘omnorthtosouth，Kqjima  

Island，Benterリ1malsland，Yo－OkaBeach，andShinya－  

Shiki・ItalsoextendsonshoretotheslopeofIsomura  
to Shingardiin easternMineoka Hills（Fig．4）．This  

areawasfirstrnapPedbyKanehiraeta！．（1968）and  

Kanehira（1976），andthepreciserockdistributionwas  

mappedbyjuniorhigh schooIpupils（refbrredto by  

Chiba Preftcture History Research Agency、1997）．  

Therocks o鮪hore were detected舟om aboat（Mori  
andOgawa，2005）．Thegeneraldistributionofrocksis  

ShowninFigs．3and4．  

SerPentinitematrix，theMineokabeltisthoughttobe  

COmPOSedofophiolitem61ange（Ogawa，1983）．How－  

ever，thisviewisnowoutofdate．Theserpentiniteis  

nowconsideredtoalsorepresentablock，aSShearlng  

withintheserpentiniteisevidentonlyalongthefault  

（SatoandOgawa，2000；OgawaandTakahashi，2004；  

MoriandOgawa，2005；Chiba，2008MS）．Aschematic  

bird’s－eyeViewofthemainpartoftheMineokaHills，  

asviewedfromthenortheast，isshowninFig．3．   

Fordescription，OneOPtlOnalareaistheMiuraPen－  

insula，WeStneighborhood，andthemapswi11beadded  

atlast．  

Description   

Here，We PrOVide a generaldescrlPtlOn Of each  

MtTomi＄an  
－奴 沸、  

HegurトNak8：：  
ArealviewoftheMineokaHi”sfromNE  

Fig．3 Bird－eyeviewoftheMineokaHills丘omNE（above），andthe  

knocker distribution rnapln the Kamogawa Harbor andits  

Vicinitywithsamplenumber（below）．（SeealsoFigs．4and5）．  

Abbreviationofrocktypeisasfbllows・a‥andesiticpumicefh11  

andtu丹こb：basaltlava（tholeiitic江d：doleritedyke（tho】eiitic），  

g：gabbro，h：homblendesehist，t：tOnalite（diorite）．  

5   



Ogawa，Y．eJ〟／．  

Eヨ plllow】且V8虫  ∈∃ K句im8Fom血n（mid伽Mio8¢n叩umlG¢餌1）  

m Dol訂it¢  田 s8nd如ndMud8t。れe  

閻 5er阿Itinlt8  【旺IDl。nle  

硯 Homblm血sGbi叙  

Fig．4 LithologymapandcrosssectionintheKamogawaHarborand  

itsvicinity．Adopted丘omrrbkahashietal．（2003）with some  

reVISlOnS．   

Withintheharbor，ametamOrPhicblocksometens  

Ofmetersinsize（ByobltjimaIsland）wasfirstfbund  
byKanehiraetal．（1968），andwasextensivelystud－  

iedbyHiroi，（1995a），andOgoandHiroi（1991）．The  

COnSPICuOuS BenterulmaIsland，in the center ofthe  

KamogawaHarbor，iswellmapped（Ogawaandlもka－  

hashi，2004）（Fig・5），andeachrocktypeontheisland  

hasbeenchemicallyanalyzedfbrmqor，traCe，andrare  

earthelements・Someofthesedatahavebeeninterpret－  
edbyHiranoeta］・（2003）andOgawaandlもkahashi  
（2004）．Thechemicaldataarelistedinrrbbles2，3and4．   

Averystrangefbssilwasfbundinasiliceousmatrix  

WithinpillowlavasatthenorthernendofBenterulma  

lsland（Fig．6）．Thegenushasnotbeendetermined，but  

thefbssilpossiblyrepresentsatypeoftubeworm．   

The geology of Kqjimalsland，the northemmost  

islandin Kamogawa HaH〕Or，has notbeen described  

indetail，butisbrie鎖ydescribedina缶eldguidebook  

（Ogawa，2005）（Fig・7）・Itis composed entirely of  

andesiticpumiceousfh11deposits－theKqiimaForma－  
tion・Strataontheislanddipgentlynorth・Nostrong   
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defbrmationoralterationisevident，eXCeptfbrsome  

faultsandzeoliteveins，Whichsuggestthatthisfbrma－  

tionwasemplacedafterthemainstageofdefbrmation  

OftherocksintheMineokabelt．Theageofthisfbrma－  

tionisnotaccuratelyknown，butK－Ardatingsuggests  

anageofaround5．8＋／－0．3MaBP（byGeochronology  

andIsotopicGeochemistry）．   

Twointerestlng maSSeS Of metamorphic rock，  

ByobttiimalslandandKanashimaIsland，WeremaPped  

byMoriandOgawa（2005）（Fig．8）．Thepresenトday  

Characteristics ofthese twoislands are criticalto un－  

derstandingthegeologlCalhistory and mechanismof  

fbrmationoftheMineokaophiolitebelt（Morietal．，  

Submitted）．Anothermetamorphicknocker，SOmeme－  

tersindiameterofroundshape，isknowninthenorth－  

ernCOrnerOftheharbor，theSumoba－ishi（SumOaSin  

Japanesewrestling）．A1lofthemetamorphicrocksof  

theseislandsarehornblendeschist（Withsomeminor  

retrogradeorhydrothermalmetamorphismtoepidote－  

amphiboliteorgreenschistfacies）andareextensively  

fbliated，SuggeStlngthattheyareproductsofasubduc－   



KnockercatalogueoftheMineokaophiolitebelt  

Fig．5 Lithologymap（above）andcrosssections（below）oftheBentertiimaIsland  

with sample number. 

Fig・6 Newfbssilsamplefromthenorthofthe  
BentertiimaIsland（above），andsupposed  

restoredshape什omthinsection（below）・  
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medium purniceoustuff  

CO眉rSe  
靡夢  

Fig．7 LithologymapoftheKqjimaIsland，Showing  

bedded and mostly graded pumiceous fa11  

deposits（KqjimaFormation）・  

BentenJlma  

Fig・8 Twometamorphicrockblocks，theByobttiima  

Island with stereographic proJeCtion of  

SChistosity pole（above），andthe Kaneshima  

Islandwith stereographic prQjeCtion offault  

and schistosity（below）．Adoptedfrom Mori  

andOgawa（2005）withsomerevisions．  
L lV 一’  L V ′■  L V ‾●  l■ ヽ／ ‥  」  

＜」・7ト」ワ＜J7∧・⊥’7ノh－1「   

Fig．9 LithologymapoftheYo－OkaBeach．Adopted  

丘om Ogawa and Sashida（2006）with some  

reVISlOnS．  
tionzone．Theyhavelaterbeenmylonitizedandbrec－  

Ciated（MoriandOgawa，2005）■   

Yo－OkaBeach comprlSeS SeVeralrocktypes；SOme  
are且oats andsomeareinsitu outcrops（Fig．9）．In  

Particular，radiolarian fbssilsin bedded chert were   

8  



KnockercatalogueoftheMineokaophiolitcbelt   

2）．Tholeiiticbasalt andalkalibasaltcropoutonthe  

Shorewardsideofwesternlsomura，justnorthofYo－  

okaBeacll．   

Some ofthe subsurfhce distribution ofthese rocks  

has been detenllined during tunnelconstruction near  

the centerofthe MineokaHi11s．Therockdistribution  

describedbyYoshida（1974）was refヒrredto andre－  
VisedbyTakahashietal．（2003）onthebasisofthese  

data（Fig．10）．Amongtherocksofthisarea，adiorite（Or  

tonalite）bodybehindtheShinga句iTempleisremark－  
able．Outcrops ofthe same rock type are knownin  

SeVeralplaces，buttheymayrepresentpartSOfaslngle  

bodyofrock．   

Furtherlandward，bedded voIcanic sandstone of  

andesiticcompositiollisexposed．This111aybeequlVa－  

1enttotheKqiimaForn1ation，OrpOSSiblycorrelatable  

totheYabe Groupinthe Miura Peninsula、Whichis  

Ofthe middle Miocene，apprOXimatelyll－12MaBP  

（KanieandAsami，1995）．SimilarvoIcaniclasticrocks  

are distributed between the areasouth ofthe Mineoka  

Hi11sandtheSorogawaFault（anactivefhult），butthey  

are not wellexposed（Fig．11）．Conglomerates with  

Chertandsandstoneroundedpebblesarealso丘）undi11  
thisarea．AlongtheSorogawaFault，SeVeralblocksof  

gabbro，basalt，dolerite，and serpentinite are sporadi－  

Ca11ydistl・ibuted，fbrinstancesatFuruboandIgarashi．  

AtHashimoto，andfurthersoutheastatArato，thereare  

largetholeiiticbasaltblocks．   

ル彷‡紺鬼か∫g〟gg〃αrgα   

Mineoka－Sengenisthenameofashrinethatmarks  

the highest mountain（altitude 335 m）in central  

deseribed and dLlted asAlbian（Early Cretaceous）by  
Ogawa and Sashida（2006），prOviding the Grst evi－  

deneeofrocksofCretaceousageintheMineokabelt．   

A serpentinite bodyisin fhulted contactwith the  

KqjimaFormation，」uStOfrghoreandclosetoSuzume－  

jlmaIsland．There are outcrops ofconglomerate and  

al・kosic sandstone and mudstone at the northern end  

OfYo－OkaBeach（Fig．9）．Themudstoneisnothighly  

indurated and has yieldedmiddle Miocene払ramini－  
fbrs（by M．M．Mohiuddin），Which suggests thatthe  

Mineokabeltfhultzoneafftctedtheserelativelyyoung  

Sedimentaryrocks．   

TheYo－Oka Beach shore extends to the south tothe  

Sma11ShinyashikiPeninsula，Whichis composed of  

tholeiitic pi1low basalts．Adetailed discussion ofthe  

rockdistributio11a11dstruCtureSOftheShinyashikiPen～  

insulaisprovidedby7bkahashiefa！．（2003）（Fig．10）．  

Inthe1980s，agOOdoutcropwasexposedthatshows  

gentlysouthwestwarddipplngPi1lowlavasintrudedby  

且vedoleritedykes．Thereweregoodexposuresofropy  

lava．Ophicalciteis developedin some horizons，aS  

Pi1lowbreccias．Thepillowlavaonthebeachhasbeen  

designatedasanaturalmonumentbytheChibaPreftc－  

tL汀e．   

Many more smalloutcrops are knowninlandnear  

theshoreofKamogawaHarbor（Fig．4），butmostof  

them are now buried or covered．Along the coastal  

Sideofthcharbor，basalticrockscropoutintheclif鞄，  

butin the uplands ofIsomura，andesitic tufFthatis  

equlValenttothe KqiimaFonnationiswidelydistrib－  

uted，eXtendingwesttothe KamogawalogglngrOad，  

PrObablycoveringtheotherrocksunconfbrmably（Fig・  

Fig・10 Lithologymapofalarge basalticrockbloekatShinyashiki・  
Adoptedn・OmTakahashit・1al・（2003）・  

9   



Ogawa，Yerα／．  

Fig・11Knocker distribution mapin the  
KamOgaWaareaWithsamplenumber・  
Abbreviation of rock type other than 
inFig・3isasfbllows・A：alkalibasalt，  

s：SerPentinite，u：umber・  

Fig．12 Knocker distribution mapin the Mineoka－  

Sengenareawithsamplenumber．Abbrevia－  

tionofrocktype otherthanin Figs，3and  

llis as fbllows．ch－1s：alternation of chert  

andlimestone，1s：1irnestone，PIC：PICrite，  
SS：Sandstone，turb：turbidite（part of the  
ShimantoSupergroup）．  

Fig・13 Examplesofserpentine－bearingrocks・1．2，  

3areserpentinitebrecciawithjigsawpuzzle  

StruCture（notofsedimentaryorigin）．4、5are  

SerPentinesandstonewithquartzandftldspar  

grains（Of sedimentary origin）．6，7 are  

SerPentinemicro－breccia（notofsedimentary  

Origi叶   

MineokaHi11s．Untilthe1980s，there werenumerous  

basalticknockers，mOStly aroundlOOmindiameter，  

butmostofthemhavesincebeenquarriedfbruseas  

roadballastandfi11（Figs．2and12）．Mostoftheba－  

Salticrocksexhibitpi1lowbasaltoftholeiitechemistry，  

but some are alkalic．Serpentinite provides a matrix   

lO  



K110Ckercatalo糾…rtllビルlil一郎boplllOlitebelt  

ShiraglnuWaterfaIl，ShiratakiShrine  aroundthe basaltic rocks，butitis notpenetratively  

ShearedこZOneSOfsl－earlngandbrecciationareapparent  

Onlyattheboundariesbetweenthebasaltandserpen－  

tinite and are some tens ofcentimeters wide at most．  

Wethus considerthat the serpentiniterocks are also  

faultzoneknockers．Insomeplaces，bothserpentinite  

andsoft，uninduratedsandstonearefbundsurrounding  

thepi1lowbasalts（Araietal．，1983）（Fig．13）．Brec－  

Ciated se叩entiniteis commonin many parts ofthe  
MjneokかSengellarea（Fig．】3）．However，i11general，  

mostofthebrecciated，pebbly，OrSandyserpentiniteis  

notofsedimentaryoriginbutistheresultofdefbrma－  

tion，thatis．theyaretectonicbreccias．   

Other common rock typeswithin the serpentinite  

matrixareblocksordykes ofgabbro（mostlygabbro  

Pegmatite）anddiorite（tonalite）．Thedykesoccureven  

inbrecciatedserpentinite，Wheretheyareinsomeplacq  

esaffbctedbybrecciationorsheaI・1ng．Twooutcl・OPSOf  

CypruSulTlber、afbrmofochre，COVerPillowlavas：One  

S  

Fig．14〔’1・OSSSCCti…＝∬tl－＝1tcl■Ⅰ－atiⅢ1S（げcll出払11d  

lillleSt州ebedsatS仙・乙1即1uWater以1，110rtl1  

0rMineoka－SⅢどじll．  

Fig・15 Litho王ogy map of the Nishiareal  

indicatlng thc Paleoeene and Eoeene  

l血1eSモ即1e SeCtions a鮎r MollitlddjIl  

（l朋7MS）．  

＝   



Ogaw礼Y．どJ（J／．   

instanceatFutago，anOtherinthewestoftheMineoka－  

Sengenarea（Fig．12）．   

Thereisahugeslabofcherト1imestoneinthenorth－  
ernMineoka－Sengen area，nearthe ShiratakiShrine，  

Whereit R）rmS a body ofrock associated with the  

Shiraginu Waterfhll（Fig．14）．Rhyolitic tuff1ayers  

arefbundsouthofthewaterfhll．EocenetoOligocene  

radiolarian fbssils have been fbundin the cherト1ime－  

StOne（refbrredtobyOgawaandTaniguchi，1987），but  

MohiuddinandOgawa（1998a）reportedmiddleMio－  
Cenefbraminifbrsfromsomeoftheserocks．Therefbre，  

SOmeOfthecherト1imestonemaybeofPaleogeneage，  

andsomeofMioceneage．   

Blocks ofcherト1imestone，Other than those at the  

ShiraginuWaterfhll，areknownatNishi（Fig．15）and  

Osato・Thereare also somelayereddepositsofchert  
－1imestone at Heguri－Naka and Okuyama as shown  
later・The 丘）raminifもr biostratigraphy of these has  

beenextensivelystudiedbyMohiuddin（1997MS）and  
Mohiuddin and Ogawa（1998a，b），Who determined  

theageofmostofthethese outcropstorange斤om  
Paleocene to early ormiddle Miocene（Mohiuddin，  

1997MS；MohiuddinandOgawa，1996，1998a，b）．Such  

totalpelaglC SequenCeS Ofcherト1imestone beds are  
nominated asthe Kamogawa GrotlP（Mohiuddin and  

Ogawa，1998a）．Thecherト1imestolleOutCrOPatShira－  

ginuWaterfa11wasmappedbyY．Ogawa（Fig．14），and  

thoseatNishibyMohiuddin（1997MS）andMohiud－  
dinandOgawa（1998a）（Fig．15）．   

There are someintercalations ofemeraldNgreenish  

tufFin some cherト1imestone sequences，PrObably of  

rhyoliticchemistry，buttheyhavenotyetbeendated．  

There are similarlimestone－Chert blocksincluded  

within a conglomeratic fbrmation ofearly Miocene  

EmiGrouptothesouth ofMineokabelt（Thkayama，  

1999MS；Kawakami，2004）．Some radiolariansfrom  

thelimestone（whichisintercalatedwithrhyolitictuff  

1ayers）havebeendatedasPaleogene．Asiliceousmud－  

StOnewithintheconglomeraticfbrmationwasdatedby  

Kawakami（2004）asmiddleEocene（reworked－deriv－  
ativesofsecondaryorigin）andOligocene（i71Si（u）．1f  

thislithologlCalinterpretationisaccepted，SOmerhyo－  

1itictuffbedsintheMineokabeltmaybeofPaleogene  

age・   

〃〃∫〃J…〟〃JJ．」J鴨〃〟化〟   

TheHosono andAtago areaisinthewesternPart  

OftheMineokaHi11s，anditisinanenechelonposi－  

tionrelativetotheeasternPartOfthe MineokaHills  

（Fig・16）・TheareawasextensivelymappedbyChiba  
（2008MS）．Most ofthe knockers are small，tenS Of  

meters at maximum，and they are probablyin fault   
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Fig．16 KnockerdistributionmaplntheHosono－Mt．  

Atagoareawithsamplenumber．Abbreviation  

OfrocktypeotherthaninFigs．3，11and12  

is as fbllows，al：andesitelava，at：andesitic  

tu仔breccia，bon‥boniniticrockclast－bearlng  

tuffbreccia，VSS：VOIcanicsandstone．  

COntaCtWith serpentiniteorsandstone andmudstone．  

From Hosono to Motona，there are severalsma11  

knockersofbasalt；thesearemostlytholeiitic，butone  

isalkalicbasalt（Fig．17）．Otherblocksarecomposed  

Ofgabbro，diorite，Chert，OrVeryCOarSeVOIcanicsand－  

StOne（Fig．16）．   

Thereisaserpentinitelayerwithinafaultbetween  

mudstone（OrClaystone）andaturbiditesequencetothe  
SOuthofAtagoyamaMountain（Fig．18）．Thesurround－  

1ngfbnllationcorrelateswe11withtheShimantoSuper－  

group（the claystone correlateswith the Hatcho or  

AtagoyamaFormation，andtheturbiditecorrelateswith  

theEnokibatakeorKozukaFormation；Nakqiimaetal．，  

1981；Ogawa andrTaniguchi、1987）．Fromthefbrmer  

Claystone Kawakami（2004）fbund middle Eocene   



KnockercatalogueoftheMineokaophiolitebelt   

crosssectionswitheachoutcropsketch・Flexuraトslip  

fbldsarecommoninthesandyturbiditefbrmation・   

Because exposures ofthe rocks surroul－ding the  

ophiolites arepoor，the distributionofthe Shimanto  

Supergroup equlValentisnotwellknown・However，  

takinglntOCOnSiderationthedistributionofnoats，the  

Shimanto SupergroupIS eXtenSive，OCCurrlng almost  

everywheretothenolthoftheareabetweenHosono  

and Heguri，and also north of Tbriikawa（Chiba，  

2008MS）．   

Consideringthe distribution oftheserocksinthis  

area，itisclearthattheexoticrocksarefbundmainly  

alongfhults．Therefbre，Wedonotknowtheorlglnal  

relationshipoftheexoticstothecountryrock・Such  
occurrences may extend hrther to the west、tO the  

Heguriarea．   

Scattered knockers are fbundin the Kobata－Hinata  

areatothe southofMt．Atagoyama（Fig．16）．Tllere  

areblocksofgabbro，basalt，tOnalite，andandesitein  

the Kobataarea．We11」01nted，什esh andesiticlavais  

observedonthebanksofasmallriverinthisarea（Fig．  

19）．Thisoutcl・Opispossiblyimportantibrunderstand－  

Fig．17 Hosono knockers，back and fbrward two  

Peaks areortholeiiticbasalt・Viewfrom E・  

Alkalibasaltknockerisbehilldthem．  

radiolarians．Thisisone oftheeastemmostextensions  

Ofthe Shimanto Supergroup，Which stretchesfrom  

ShikokutotheKantoMountains．Figure18sumlnariz－  

estheoutcl・OPOCCurrenCeSOfthesebedsandprovides  

Fig．18 Cross section and outcrop sketches（Part Ofthe Shimanto  

Supergroup）around Mt．Atagoin1980s（above）、and the  

OutCrOp Photo offbldedturbidite ofthe Kozuka Fomlation  

（partoftheShirnantOSupergroup）in2005（View位・OmW）・  

13   
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Fig．20 Photos of盈oats（according to thelocal  

people these areinsitu）at Hinata（above），  

and surfhce of andesitic tufFbreccia which  

includesaboniniticrockclast（below）．  

Stream OutCrOpS．ThelithologleS rangefrom tonalite  

（Vel■y丘esh）to andesitic breccia（Fig．20）．Thelatter  

isofsimilarlithologyoftheYabeGroupintheMiura  

Peninsula，andisdatedbyK－Armethodas15．6＋／－0．5  

MaBP（byGeochronologyandIsotopicGeochemistry）．  

Oneofthe且oatsoftheandesiticbreccciaincludesone  
high－1nagneSian（boninitic）andesite clast of several  

Centimetersdiameter・Thissuggeststhatboniniticrocks  
underlaytheareaatthetimewhentheandesiticbrec－  

Ciaswereextrudedorintruded．  

ガ曙〟r∫－Iお肌α血αrgα   

This area is the western continuation of west 

MineokaHills．LithologleSintheHeguri－Yamadaarea  

are conspICuOuSlydif托rentfrom those ofthe eastern  

andcentralMineokabelt，andarecharacteristicofthe  

WeSternPartOfthebelt．Somelinearbeltsofbasaltand  

Serpentinitearerecognizedinthisareaandtheycon－  

tainseveralknockers（Fig．21）．Therewasagoodouト  

CrOpOfalkalicbasaltwithlimestoneatHegurトNaka，   

Fig．19 0utcropphotoatKobata；andesitelava（View  

什om S）（above），and gabbro breccia（of  

SedimentalγOrigin）（View什omE）（middle）．  

Thinsectionsofgabbrobreccia（below）．  

1ngthegeologichistoryoftheMineokabelt．   

To the west，arOund Kobata，thereis alOm－SCale  

gabbroconglomerateofsedimentaryonglninapaddy  

field（Fig．19）．In total，three gabbroic or tonalitic  

blocks are knownin the Kobata area．Some ofthese  

arebrecciated，andsornearemylomitized．Thesegab－  

broictotonaliticrocksmaysuggestatectonichistory  

associatedwithatransfbrmfaultatanoceanicridge，  

SuChasacorecomplex．   

At Hinata，there are several魚oats beside the river．  

Thelocalpeoplebelievethattheyhavebeentherefbr  

alongtime，Whichsuggeststhattheycomefr0rnuP－   

14  
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untilitwasremovedbyquarIYinginthe1980s（Fig．  

22）．   

Aglauconite－bearingmudstonefbrmation（Arakawa  
Fomlation，early Miocene；Mohiuddin and Ogawa，  

1996，1998b）was originallyinterpretedto confbrm－  

ablyoverliethealkalicbasaltandabasalticconglom－  

eratewithlimestoneintercalations．Later，theywerein－  

terpretedtobeinfaultedcontact，buttheirstratlgraPhic  

relationshipsarestillnotclear（Fig．22）．Today，these  

importantoutcropscannotbeinvestlgatedfurtherbe－  

CauSe they have been excavated．Limestone blocks  

Wel．e biostratlgraPhically dated by Mohiuddin and  

Ogawa（1996，1998b）（Fig．22）．Thisworksuggested   

Fig. 21 Knocker distributioIl map in thc Heguri area 
With sample number．Abbl・eViation ofrock  

typeothertharlin Figs．3、11，12and16is  

as fbllows．fbs：頁ne salldstone（Pallofthe  

Shimanto Supergroup），gmS：glauconitic  

mudstone．  

C（血mnarsu（：Ce5Sion  

H8gurトNakaquarry  

㊥  

、′‥i’ご  ヽ′－′ヽ′、′’′  
。．．  
一一一      一．一－  

ーJ＼て㍍、よlミ：：  
′ ′一  
ノ‾●止 ′   

馳atigraphyofH¢guri－N8k良知ma血nandschema鮎schelchoH桓即ri－N址aqua叩  

N   

GIau∝血tICmudstone   

With bedstu汗beds  

April 1979 

Fig・22 Lithology map of the Heguri－Naka  
quarryin1979（aboveHAdopted丘om  
MohiuddinandOgawa（1998b））、andthe  

change of the outcrop situation for cross 

SeCtions n・Om1979 to1994．Numbers  

are fbr the samplesin Mohiuddin and  

Ogawa（1998b）．Hg－1is PllofBlowIs  

ZOne（rniddleEocene）、Hg－2P16／17（late  

Eocene），Hg－3P18／川（earlyOligocene）、  

Hg－4andHg－5N4（early MioceIle），and  

Hg－8、9、10N8（earlvMiocene）．  
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thattherewasalong，butpossiblyintemittent，Period  

Oflimestone deposition through the Eocene，Oligo－  

Cene，andMiocene．   

There are alkalicbasalt knockers ofsomehundreds  

OfmetersinsizeinthreeplaceswithintheHeguriarea  

（Fig．21）；OneOfthesehasbeenexcavatedbyalocal  

quarrycompany．ThealkalicbasaltatTbgewasdated  

bytheArqArmethodatapproxirnately20Ma（Hirano  

andOkuzawa，2002）．   

Because ofthecomplicatedstruCture anddistribu－  

tion ofrocksin this area，We CannOt reCOnStruCt the  

Orlglnaldisposition ofthe rocks．However，many Of  

thesefbrmations aredifEbrentfromthosecharacteristic  

OfotherareasofJapan，SO the depositionalenviron－  

ments fbr the Eocene to Miocene fbnllations ofthis  

area are diffbrent to those that are common elsewhere  

inJapan．   

There is an alnphibolite facies gamet slmphibolite 

knockerwithin sheared serpentinite to the south of  

thealkalicbasaltblockatHegurトNaka（Hiroi，1995b）  

（Fig．10）．Themetamorphicconditions deducedfrom  

the mineralchemistry ofhornblende andplaglOClase  

in this rockislisted by Mori（2006MS）and Mori  
et al．（Submitted）．Themodes ofoccurrence ofother  

metamorphicblocksintheKamogawaHarborareun－  

known，butthatatHeguri－Nakaisknowntohavebeen  

i再ectedintoshearedserpentiniteviafaults（Fig．23）．  

In the Yamada area，tOnalite（diorite）bodies（and  

Others such as gabbro and sandstone）are known to  

bein contactwithshearedserpentinite．Oneofthese  

is an enormousknocker；it standsprominently above  

the surrounding terrain at Yamada，andis known as  

Fig．23 0utcrop photos of the metamorphic rock  

blockinshearedserpentiniteatHeguri～Naka  

（above）（viewfrom W），and alternation of  

limestoneandchertatUenodai（below）（View  
斤onlS）．  

Fig．24 Rock distribution at the Yamada knocker（1e魚）  

（mostlycorrlPOSedoflandslidbodies）andphoto  
Ofthepeak＃l（right）（View斤omSW）．   
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N  

Yamadaknocker  

】imestone  

SS／mst  

≡1「′ニー‾‾隼               、SerP 
・  

StOne／che「t  

。。伽  
＼・   

宣誓塗装泰 巧  要撃賢哲慧                                            ＼  

い・  レし、ノ  

Fig．25 SchematicviewoftheYamadakllOCkcralldCosmoClassicGolfCourse丘omE．  

thel知1－adaknocker（Fig．24）（Mol・i、2006MS），These  

blocks orlglnatC fl・Om farther north．Mudstone and  

蝕1eSandstone、PrObably oftheShimantoSupergroup  

（Kozuka al－dAtagoyama Formations），arein払ulted  

COntaCt With the knockers，and may extend 什om  

Yamadato thcgolfcourse（Fig．25）．Consideringthe  

distributionpatternofrocksinthegolfcourse，itmust  

extendtotheeastasfhrasthe Hosono area，Whichis  

Charactcl．ized by much serpentinite together with a  

COarSe VOIcaniclastic sequence．Thelitl10logy ofthe  

lattersuggeststhatitmightbeacomponentoftheHota  

Group，andmay，therefbre，beofearlyormiddleMio－  

Ceneage・  

0班βrαrβα∫   

Thereisalargeblockofalkalicbasalt（100－mSCale）  

atHomyo，tOthenorthoftheHeguriarea・Itisrela－  

tivelylSOlatedcompaz・edtoothersuchb】ocks，andwas  

PrObablylrt7eCted within a fbult zonein themiddle  

MioceneSakumaorHotaGroup．   

Thereis alOO－m－SCale beddedlimestone，Which  

yielded middle Miocene fbraminifbrs（Mohiuddin  

andOgawa、1998a），atOkuyama（Fig．26），andwhich  

isinpossibly Fhult colltaCtwiththemiddle Miocene  

Okuyama Conglomerate．This conglomerate contains  

abundant cobbles and pebbles oflimestone，Chert，  

and alkalic basalt that are derived丘om Mineoka belt  

rocks．Thelimestoneblockitselfmightalsobederived  

什omtheMineokabelt．Blockssuchasthese，andtheir  

associated fbrmations，prOVide evidence ofthe鮎st  

landwardemplacement ofophiolitic rocksduringthe  

middleMiocene．   

To the west，SerPentinite and basaltic and perido－  

titierocksarepoorlyexposedintheKatsuyamaarea，  

Beddedlimes†one w汁h cher†noduLes  

Fig．ヱ6 RoekdistributiollOfthebeddcdlimestoneknockeratOkuyama．  

ShowingtlleSamPlenumberfbrMohiuddinandOgawa（1998a）・  
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Fig．27 LithologymapoftheMiuraPeninsula（adoptedn・OmTaniguchiandOgawa（1990））  

Withsomeadditionalplaceofknockers（above），andesitelocationatKamiyamaguch  

（belowleft），andsandstoneblock（partoftheShimanto Supergroup）什omafhult  

betweenbrecciatedserpeniniteandtheHayamaGroup，ObtainedduringtheAbckura  

tunnelconstruction（presentedbyMaedaCorporation）．  

OfrocksoftheMineokaophiolitebelt，Importantbod－  

iesarelistedinlbblel，andsomeofthechemicaldata  

arelistedinTables2，3and4．   
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