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(鮮新 ・更新統 東海層群 と鮮新世以降の伊勢湾 周辺 地域にお ける構造発

達史)

(論 文 内 容 の 要 旨)

東海層群は、地質 時代 の第三紀末期であ る鮮新世か ら第四紀 の更新世 の

初頭 にかけて、現在の知多半 島、濃尾平野、伊勢地方な ど、伊勢湾 とその

周辺 の地域 に堆 積 した淡 水成 の地層群 を一括 したものである。以前 は、知,

多半 島の ものは常滑層群、濃尾平野 のもの は矢 田川累層、伊勢 地方の もの

は奄芸 層群 とよばれ、 日本 におけ るこの時期の陸成層 と して標準的 な地層

とみな され、 多 くの研究者に よって様 々な立 場か ら研究 が進 め られて きた 。

主論文 の内容 は、 大別 して三 つの部分か らな りた ってい る。

最初の もの は、 東海層群 の層序 に関す る ものであ り、伊 勢湾西部の北伊

勢地方に分布 す るこの地層群(奄 芸層群)を 対象 と して、 綿密 な野外調査

によ って層序 を確か め、岩相層序 と火山灰 層序 に生層序、 古地磁気 層序 お

よび ブイツシ ョン ・トラ ック年代 によ る分析結果 を総合 し、 詳細な年代層

序 のスケールを確立 した。すなわ ち、東海層群 は6累 層 に区分 され、主要



な13枚 の火 山灰 層 の追 跡 によ って、 岩 相 の側 方 変 化 の時 間面 に対 す る関

係 をあ き らか に して い る 。 また、 そ の結 果 と して 、 この 地域 の 東 海 層 群 は

約3Maか ら1.2Maに わ た る こ とが わか った 。

第 二 の部 分 は、 古 地理 的 変 遷 に関 して の研 究 を ま とめ た も の で あ る 。北

伊 勢 地 方 で確 立 した 東海 層群 の 層序 区 分 を伊勢 湾 周辺 の東 海 層 群 全 体 に及

ぼ し・ 時 間 的経 過 と ともに この 地域 の 古 地 理 が どの よ うに 変 化 した か を分

析 した もの と いえ る 。す な わ ち、 大 き く6 .OMaか ら3.OMaに か け て の

ステ ー ジ1と 、 それ以 後 、L2Maに 至 る ステ ー ジ 皿とに 分 け、 後 者 は さ

らに細 か く6つ の サ ブ ステ ー ジに 分 け て い る 。 ス テー ジ1に お い て は
、 知

多半 島 と南伊 勢 を結 ぶ は ん らん 原 の地域 が 次 第 に静 水域 と な り、 東 海湖 と

よば れ る大 きな湖 沼 地 帯 が 出現 した こ と を示 してい る 。 こ の 間、 この 湖 は

少 しず つ北 へ 移 動 して 行 くが、 約3,0Ma前 後 に大 き な転 換 期 を迎 え
、 北

方へ 大 き く移 動す ると と もに 西方 へ移 る要 素 が 加 わ る。 この 時期 か らを ス

テ ー ジnと して 区 分す るが、 そ れ は さ らに6つ の サ ブ ステ ー ジに分 け られ
、

湖 の 西 方移 動 と と も に、 周 辺 山地 の 急 激 な 隆起 上昇 と と も に著 しい 堆積 作

用 に ょ って、 約L2Maこ ろ に東 海湖 は消 滅 した と され る。 この よ うな東

海 湖 の 古 地理 的 変遷 を、 申請 者 は構 造 運 動 と関連 づ け て 説 明 して お り
、3.O

Maを は さん で・ それ まで の 南 北圧 縮 の応 力場 に、 あ らた に 東 西圧 縮 の 応

力 が 付 加 され るよ う に な った こ と によ る と して い る 。

第 三 の部 分 は・ 第二 瀬 戸 内 区全体 の構 造 運 動 の パ ター ンにつ い て の 討論

であ る 。 この地 質 区 には・ 東 か ら西へ 、 東海湖 、 古琵 琶湖 、 古大 阪 湾 の よ

うな 各堆 積 盆 の 配列 が 見 られ る が、 それ ぞ れ の堆 積 物 か らの構 造 発 達 の比

較 を 行 った もの であ る ・それ に よ る と、 各 堆 積盆 は 、 いず れ も その 初 期 に

南部 沈 降域 を も ち・ それ が 北 方 へ移 動 し、 さ らに北 西 な い し西 へ 移 動 す る

とい う共 通 のパ タ ー ンが 見 られ る 。 しか しな が ら、 東 方 地域 か ら西 方 地域

へ 行 くにつ れ て ・ この よ うな沈 降 域 の 移 動 の 時期 は お そ い とい う時 間的 ズ

レが あ る こ と を発 見 して い る・ しか も、 これ ら各 堆 積盆 の 構 造 発 達 に おい



て 、3.OMa、1.2Maと い う 時 期 は そ れ ぞ れ 意味 の あ る時 期 で あ る こと

を指 摘 した 。

以 上 の よ うに、 本 論 文 に おい て は、 東 海 層群 を綿 密 な野 外 調査 に よ り詳

細 な層 序 をた て 、 古 地 理 的 な変 遷 過 程 を検 討 す る こ と に よ り、 東海 湖 の概

念 を 明確 に した 。 ま た、 古 大 阪 湾 、 古 琵 琶 湖 、 東海 湖 を あ わせ た第 二 瀬 戸

内 区の 堆 積 作 用 と構 造 を統 一 的 に と らえ 、 時 間 の スケ ール を 入れ る こと に

よ っ て、 中部 地 方 か ら近 畿 地方 にか けて の鮮 新 世 以 降 の構 造 発 達 史 を編 む

こ と に成 功 した 。



王 論 丈

THEPL工O-PLE工STOCENETOIくA工GROUPANDTHETECTONIC

DE▽ELOP岡ENTAROUND工SEBAYOFCENTRALJAPANSINCEPL工OCENE

Ke■ コ■

by

TAKE瓢URA

August25,1982



CONTENTS

Abstract

工.

工 工.

A.

B.

C.

D.

E.

F.

工工1.

ロ

コ

　

の

A

B

C

D

工V.

0

.

A

B

工ntroduction

GeoloqyoftheTokaiGroupinnorヒhern工seArea

HistOricalreview

Geolo⊆ricaloutline

LithostratigraphyoftheTokaiGroup

Descrip七ionofvolcanicashlayers

Biostratigraphy,magnetOstratigraphyandfission

七rackaqes

Geologicstructure

Paleogeographyandtectonismofsedilnentary

basinofLakeTokai

COrrelationandsubdivisionoftheTokaiGroup

SedimentaryenvirOnmentsoftheTokaiGroup

PaleogeographyofthesedimentarybasinofLakeTokai

Tec七 〇nismarOundIseBaysincePliOcene七 〇early

Pleistocene

Subdi▽isionoftheSecondSetouchiSuperqroupand

tectonicdevelopment

TectonismOfSouthwestJapansincePliocene

CorrelationamongtheTokai,KobiwakoandOsaka

Groups

1

4

4

6

　

1

4

1

5

4

0

6

7

75

77

82

!05

ll4

121

121

123



C.Comparisonofsedimentarybasintransitionbetween

Paleo-lakeBiwaandLakeTokai

D.Tectonismandbasinmigration

▽.Su㎜ary

Acknowledgements

References

127.

130

134

138

139



ABSTRACT

Th。T。k。iGr・up,・ne・fther・present・tiv・n・nm・ ・inePli・ 一

PleistocenesequencesinJapan,isdis七ributedaround工seBay

insouthernpartofcentralJapan.Inthispaper,thelitho-

and・ ヒephrost二ratiqraphyoftheGrOupincentralandnorthern

area(Hokusearea)onthewestcoastof工seBayarefirst

describedprecisely.Fromtheresul・ ヒsOfstudiesofbユostrat■-

graphy(plantremainsandfossilma㎜als),paleomagne七 ■sm

andfissiontrackages,thosesedimen・ ヒsareestimatedtorange

fromabourヒ3.Orn.y.B。P.tOaboutl。2m.y。B。P.,ino七her

words,fro皿theKaenaeventofヒheGaussNormalPolarity

EpochtotheearlyMatuyamaRe▽ersedPolari七yEpoch.

ThecorrelationamongthesedimenrヒsOftheTokaiGrOup

distributedinvariouslocalitieslikeasHokuse,Nanse(southern

areaonthewestcoastof工seBay),NagoyaandtheChita

Peninsula,wascarriedout.Asaconclusion,七hegeohistoryof

thesedimentarybasinof五akeTo]くaiisdividedintotwostaqes,

St二age工(about6.Om.y.B。P.tO3.Om.y.B.P.)andSt二ageI工

(about3.Om.y.B.P.tol.2m.y.B.PJ.

工nconnectiOnwiththis,thepaleOqeoqraphyOfLakeTokai

anditsmodeoftransitionareexplained.Followinqupto

widedistributionoftheearlyalluvialplainsofabout6 .Om.y.

B.P.,alarqewaterbodyapPearedinthesouthernareaOfthe

basininSt・g・1・At・b・u七3・Om・y・B・P・ ぞthen。 ・thwestward

shiftingofthebasincalne・ ヒoinduceanappearanceofwater

bodyin七henorthernarea,anditwasthebeqinningofStage工1 .

コ

ー ■ 一



工nthelastofStage工 工,alarqeamoun『 ヒofqra▽elwassupplied

fromrヒheSuzuka皿ountainarea,andthosemat二erialsfilledup

wholeofthesedimen'ヒarybasinnearlycompletely.工nsucha

way,LakeTokaibecametoextincー ヒatlastataboutl.2m.y.B.P.

Inrelationtobasintransition,themodeofthetectonismmay

beinterpretedastheresul'ヒsOftheinteractionbe『 ヒweenthe

upheavingofー ヒhesouthernareaunderthetec七 〇nicstressinN-S

directionand七hetiltinqoftheChubuBlockinfluencedbythe

stressstateinE-WdirectiOn.

Comparisonof七hegeOhistorywasmadefortheTokai,

KObiwakoandOsakaGroupswhichareallalliedsequencesin

theSecondSetouchiSedimentaryBasin.Consequently,it二becomes

clearthatthedivisionbetweenS七ageIandStaqe工 工ofLake

TOkai(about3.Om.y。B.P.)isfairlycoincidentalwiththe

diVisionbetweenOlder工andOlderI工stagesofPaleo-lake

Biwa,and皿oreo▽er,withtheini・ ヒialstaqeofPaleo-lakeOsaka.

Therefore,thisphaseof3.Om.y.B.P.shouldbereqardedto

play.theimportantroleinthegeohistoryoftheSecondSeto-

uchiInlandDepression.工tisalsoimportantthattheextinc-

tiOnofLakeTokaia'ヒaboutl.2m.y.B.P.wasabletobe

correlatedwiththeconfinesbe・ ヒweenOlderandActualstages

ofPaleo-lakeB■wa,andwith'ヒhefirstmar■ne'ヒransgress■on

in七heareaaroundOsakaBay。Furthermore,asimilarpattern

ofthe・basinmigrationwasrecognizedinboth]コakeTokaiand

Paleo-lakeBiwa,butitshouldbeno七edthatthenorthwest-

wa工dmヰgrationofPaleo-lakeBiwaonalargescaleoccurred

atalate工datetobecomparedwiththatof■akeTokai・The

-■ 工 一



causesOfthemigratiOnoftwosedimentarybasinswerecommonly

explainedasmutualinteractionbetweentheupheavingofthe

southernareaandthetiltingmovementoftheeasternarea・

ロ ロ コ

ー 二L■ ■ 一



1.INTRODUCT工ON

Threesedimentarybasins,LakeTokai,Paleo-lake

BiwaandPaleo-lake(bay)Osaka
,arearranqedlatitudinaly

■nsouthwestJapanfromeasttowestin七heeasternpart

ofSecondSetouchi工nlandDepressionof工kebe(1956)
.

AllofthosebasinsarefilledwiththePlio-Pleistocene

sequences,and・ ヒheyarenamedtheTokai
,KobiwakoandOsaka

Groups,エespectively(Fig.1).Sincel977
,theauthorhas

engagedinthestratiqraphicalstudiesonrヒheTokaiGroupon

thewestcoastof工seBay,andconfirmedtherelatiOnbetween

litho-andtephrostratiqraphy,anditschronologicalsituationby

themethodsofpaleOmagnetismandfissiontfackdating.Basedon

thesestudies,theauthorhasalso七riedtOcorrelatethesedi-

mentsof七hatqroupwhicharedistributedthrouqhouttheareas

around工seBaV。FrOm'ヒhoseresults,itbecomesclearthat

thegeohistOryofLakeTokaicanbedividedintotwostages

}(StaqeIandS七age工 工)withtheboundarya'ヒabout3.Om・y・B・P・

Furthermore,thepaleoqeoqraphyofLakeTokaisincepliOcene

willbeexplainedonthebasisoflithofaciesandsedimento-

loqicaldata(lithologicprOportiQn,gra▽elconpositionand

paleocurren七)・

工tisinferredthat`七hetemporalchanqesofregional

tectonicstressstatereflectedcloselythemodeofbasin

transitiononthebasisofpaleogeoqraphicstμdies.

Accordinqly,'ヒhisarticledealswiththe・ ヒransitionof

sedilnentarybasinofLakeTokaiandthetectonislninthe

easternpartofrヒheSetouchiGeologicProvincesincethe

Pliocene.

一1一
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Huzita(1962)dis七iguished!twotypesOfstructuraltrend,

『ヒha『ヒis
,rヒheolderlatitudinal'ヒrendandtheyOunqermeridiOnal8

trendintheSetouchiProvincesince七hePliOcene.Recently/he

hasproposedanidea七ha'ヒtheΩuaternary七ec'ヒonicsofthe

Japanese工slandscanbeexplainedbyrヒwotypesoftectoniczOne

(parallelto七heNankaiTroughandJapanTrench)(Huzita,1980).

Inaddi'ヒion,thereqionalstressstateoftheJapaneseIslands

inthepresentandLateΩuarヒernaryPeriodhasbeendeduced

fromthedis七ributionofactivefaults,earthquakemechanism

andremeasurementsoftrianqula'ヒionpoints.

工nー ヒhisway,thedistributionpatternoftheregional

hbrizontalprincipalstresshasbeendetermined(逼atsudae・ ヒal.,

1978)。MOreover,theinforma・ ヒionson七hetectonicstress

statesinceMiocenehavebeenInuchaccumulated(Nakamura,

1977:Takeuchi,1980:KObayashi,1979).Takinqthese

resul七sintoconsiderations,changeofthepat『 ヒe七nof

'ヒhetectonicstresss『 ヒateintheeasternparヒoftheSetouchi

ProvincesincePliocenewillbeproposedhereinrelat二ion

totheprocessofrヒhepaleoqeoqraphicaltransi七ionof七hose

七hreebasins,工 ・akeTokai,Paleo-lakeBiwaandPaleo-lake(bay)

Osaka.

一3一



工工.GEOLOGYOFTHETOKA工GROUP工NNORTHERNISEAREA

A.HISTOR工CALREV工EW

工nthehis・ ヒoricalreviewofthestudiesonthePlio-

Pl・i・ ㌻。cenesediment・inKinkiandT・ ド・idi・t・i・t・'it・hould

bedescribedthat工kebe(1933,1934)describedtephrostratigraphi-

callythes七 ヱatigraphyoftheKobiwakoGroupfirst,andHuzita

etal.(1951)demons七ratedthealternationsofmarineandno㎜arim

faciesandintercalationsofvOlcanicashlayersoftheOsaka

Group.Besides・ ヒhem,manyinvestiqatOrspaid皿uchat・ ヒentiOn

tovolcanicashlayersin・ ヒercalatedinthesesedimentsand

theyintrOducedtephrostratigraphyintothestudies・ 工nthis

way,thesedimentsineachsedimentarybasinofthOsedユstr■cts

werecOmpiled;rヒheOsakaGroupby工tihara(1960),'ヒheIくObiwako 　
GroupbyTakaya(1963)and¶ ヒheAqeGrOup(theTokaiGroupon

thewestcoastOfIseBay)byTakehara(1961).BasedOn¶ ヒhose

wOrks,IshidaandYOkoyama(1969)proposedcorrelationscheme

forthOsesedimentsthroughOuttheareas.

plantremainswhichwereyieldedfromthemwereclassified

inde七ailbyMiki(1948),andtheywerestudiedstra『 ヒiqraphically

byHuzi七a(1954)・Further,工tihara(1960)proposed璽 冒Metasequoia

floraflourishage「,andl置Metasequoiafloraextinc・ ヒionagel量

forPlio-Pleistoceneturnoveronthebasisofhisbiostrati_

graphicalstudy.Furthermore,工kebeetal.(1966)andKamei

andSetoguchi(1970)summarizedstratiqraphicaldis・ ヒribution

oξthefossilma㎜alianfauna.

一4一



サ
Asforpaleogeographyandtectonism,somesiqnificantconcepts

havebeenintroducedsuchas'冒Foundationfolding,置(Nakiyama,1956),

1!RokkoMovements"(Ikebe
,1956and工kebeandHuzita,1966)and

l「FirstandSecondSetouchiInlandSeal響(工kebe
,1956).

AsforthePlio-Pleistocenesedimentsonthewestcoast

of工seBay,Ogawa(1919)studiedfirstandcalled七hemthe　
AgeliqnitebearinqformationlThereafter,Takimoto(1935)ロ
renamedthemtheAqeSeries.Besides,manystratiqraphic

studieswerecarriedou・ ヒinvariousareas(Suzukietal.,

1947,1948アAkamineetal.,1951FAraki,1953アMatsui,1943,

Kato,1957).FossilelephantssuchasSt二egodoncf.elephantoides

andSteq・d・nakashien・i・wererep。rtedbyMakiyama(1938)'

Nat=sui(1943)andKakutaandAkamine(1958),andalso延iki(1948)

andYasuda(1957)studiedplantremains.

工nthestratigraphicinvestigationfortheTokaiGroup ロ
onthewestcOastOf工seBay(AqeGroup),Takehara(1961)

descri皿inat・d・ ・Tl-T20v・lcanica・hl・yer・int・ ・cal・t・di・th・t

qroup.Byhisresult,thestratigraphyandqeoloqicalstruc七ure

ofthegroupbecametobeclear,butthereweresome

problemsontheidentificationofthevolcanicashlayers

andalsoontherelationbetweenlithologyandtephro一 ロ
stratigraphy.StratiqraphicstudiesontheAqeGroup

havebeencontinuedafterthen(Takehara,1966アHata,19673

Yokoyama,1971).Moreover,工shidaandYOkoyama(1969)called

・ヒhePlio-Pleis七 〇cenesedimentsaround・lseBaycollectively

一5一



T。k。iG。 。up,becauseth・ ・e・edimen七 ・werec…ideredtohave

beend。p。 。it。dinasi・glesedimentaryb・ ・i・(L・k・T。kai)・

ロ 　

Recently,theinteqrati。n・fpale。magneticandrad・ ・met「 ■c

。tudiesha・p・ 。videdaccuratege。chr・n・1・gicalfram・w・rkf・ 「

th。L。t。N。 。qene,especi・llyf・rth・1・ ・七5m.y・B・P・Th・ ・e・tudiesコ
arealsohelpfultOestablishs七ratigraphyof七hePlio-Ple].stocene

sequencesinKinkiandTokaidistricts.

TheinformationsfrOmtheKobiwakoarldOsakaGroupshave

beenaccumulated,butthosefromtheTokaiGrouphavebeen

leftbehindfromsuchcontemDoraneousstudies.

B.GEOLOG工CALOUTL工NE

Generally,inSouthwestJapanhavebeenrecoqnizedthree

Neoqeneqeoloqicprovinces,1lHokuriku-Sanロinl`(JapanSeaside),

冒「Setouchi11(MedianZone)
,and冒lNankai,1(PacificOceanside).

Theareaaround工seBaycanbetreatedasadepression

situatedin七heeasternpar・ ヒofthel置Setouchrlgeoloqic

province,borderedbytheSuzukaly【ountainsmeridionally

on七hewesternmarqinofヒhatdepression.Totheeastof・ ヒhe

depression,theNikawaHighlandlies,and七heMino塾4assif

islocatedtothenorth.TheYoroNountainsrunsthrouσhfrom
/

northwesttosoutheastinthenorthernpartofthisareaand ロ
dividesthedepressionintotwOparts/westernhalf"AqeSubbasinl冒,

andtheotherhalf雷 冒NagoyaSubbasinl冒tobecalledherein.To

一6一



thewestofthe闘Ag(ちSubbasin1㌧theSuzukar40untainsrunsfrOm

southtonorthwiththealtitudefrom800tol,200m(Fig。2).

Tothenortheast,theYoroMountainsrangesfrOmnOrthwes『 ヒto

sou『 ヒheastwiththealtitudefrom600tO850m.InfOothill

areasofthOsetwoNountains,thehillscomposedoftheNiocene

andPlio-Pleis'ヒocenesedimentsspreadwidelywith40to300rn

heiqht.工nthefootoftheYOroMoun'ヒains,terracesare

ノ コ
remarkablydevelopedalongtheInabeR■verandaredeveloped

inthedirectionattherightanqle・ ヒothe胚ountains.Those

terraceshavethehighes・ ヒlevelof250m.AlOnqtheSuzuka

Mountains,terracesarealsodevelOpedalongmainwatercourses

ofthepresentri▽ers.TheSuizawaFanwhichdevelopsat

thenorthofKameyamaCityisremarkableinitswide-distribu-

t‡on,withtheheightfroml80to40m.Alluvialplainsare

distributedalonqthecoas・ ヒof工seBayandrivers.

Geologyonthewestcoastof工seBayisdividedintothe

followinqs:the巡esozoicandPaleozoicformations,the

Ryokeme『 ヒamorphicrocksandqranites,theCretaceousqrani¶ ヒes,

the腿iocenedepositsof・ ヒheIchishi,SuzukaGroupsandChigusa

Formation,thePlio-PleistoceneTokaiGroup,thePleist二 〇cene

RenqeゴiFormationandi・ ヒsequi▽alents,terraceandalluvial

deposits(TablelandFig.2).

TheMesozoicandPaleozoicformationsaremainlycomposed

ofsands七 〇ne,shale,chert,limestoneandqreenrocks,and

一 つ ー





Table 1.Geologicsysteminthewestcoastof工seBay.

PUocene

Pleistocene

総lma}F・rmatbn

TokalGroup

Ichishl

Suzuka

Chigusa

Group

Formation

RyokeMetamorphicRocks

MesozO「c-PaleozoicRocks
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theyareexposeda七 七heYoroMountainsandthenorthernhalf

oftheSuzukaMountainswhichare・ ヒhenorthernpartofthe

depression・TheRyOkemetamorphicrocksandgrani『 ヒesare

distributedinthesou・ ヒhernpartof・ ヒheSuzukaHountainswhich

liesat七hemainand七hesouthernpartsofthedepress■on・

TheCretaceousgranitesarealsoexposedinthecentralpar・ ヒ

of『 ヒheSuzuka厘ountains.

TheMiocene工chishiGroupcomposedofmarinesedi皿en・ ヒs

belonginqtothe:FirstSetQuchiSupergroupisdistributedin

hillyzonesinthesOu七hernpartofthedepression.Also,the

SuzukaGroupisdist二ributedintheSekidistrict(westof

Iくameyama)whichisat二thecerltralpartofthedepression.

ItsupperpartcOnsistsofmarinesediments,whilemiddle

andlOwerpartsarecomposedOflacustrinesedimen¶ ヒs.The

MioceneChiqusaForlnationisalsomarinedepositswhichare

foundinanarrowareabetween・ ヒheCretaceousqranitesandthe

Pユio-Pleistocenesedimentsbeendistributedalongthe工chishi

Faultin七heeas七ernfoothilloftheSuzuka旭ountains.

ThePlio-Pleis七 〇ceneTokaiGrOupisdistributedinthe

hillydistricts(40-300minheight)extendinqfromnort二hern

SekigaharatosouthernMatsusakaCi・ ヒywit二halenqthofabout

lpOkminN-sdirection・Thesesedimentsconsistmainlyof

gravels,sands,mudsinfluvialandlacustrineoriqinand

intercalatedwithnumerousvolcanicashlayersandlignitebeds
.

一10一



Generallyspeakinq,inthesOuthernpart(Nanseareaaround

TsuandIくameyamaCi・ ヒies),thelowerpartofthissequenceis

dis七ributed,andinthenorthernparヒ(Hokusearea)theupPer

partofit.

MiddlePleistocenesedimentssuchastheRenqejiand

KentoyamaFormationso▽erlieunconformablythe'TokaiGroup .

TheRengeゴiFormaー ヒionisdistributedatt二he皿arqinalparts

ofthehillsalOngtheYoroMountains,anda七thetopofthe

hillstothewestofKareqawaandtothenorthofRenqeゴi.

1'ヒischieflycompOsedofqravels,cOntainingmostlycobble

七〇pebblesizeqravels,andcontains'ヒhesea皿sofsilt

andligni七e.Ninetyfivepercentofgravelsischertand

sandstone.OntheOtherhand,theKentOyamaFormationconsists

ofgravels,sandsandmuds,andisdistributedaroundTsuCity.

Theseforma'ヒiOnscanbecorrelatedwi'ヒhtheTaketOyoFormation

oftheChitaPeninsula,whichisintercalatedwithsomemarine

muddylayers(Makinouchi,1975b)・Terracedepositsarecomposed

mainlygravels,bu七marinefine-grainedfaciesisintercalated

intheMiddleterracedeposi七s.

C.L工THOSTRAT工GRAPHYOFTHETOKA工GROUP

Themainsur▽eyedareasinthisstudyareshowninFigs.3

and4,andtheyoqcupythecentralandnorthernpartOfthe

distributiOnof'ヒheTokaiGrouponthewestcoastofIseBay.

AsitisoneofthecharacteristicsoftheTokaiGrOupthat

lateralvariationoflithofaciesisconspicuOus,itisconvenient

一ll一
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atfirsttodescribethelithologyoftheTokaiGroupinthe

HokuseiandInabedistrictasthetypearea(Fiq.3-A),where

themos『 ヒconヒinuoussequenceandstablelithofaciescanbe

observed・Thereafter,li・ ヒholoqyoftheTokaiGroupinother

fiveareas(Fig.3B-F)willbedescribedandcomparedwith

thatofthetypearea.Stratiqraphyineachareaissummarized

inTable2.

a.Hokuseiand工nabearea(Fig.3-A)

TheTokaiGroupinthisarea(about950metersinthickness)

formshillsatthesouthwes七ernfootOftheYoroMountains,

anddipstosouthwest.工tisdividedintosixformarヒions

suchasBiroku(gravels),Kono(alternatingbedsofsand

andmud),工chinohara(alternatingbedsofgravelandmud),

Kuragrari(gravelswithmudandsandlayers),Oizumi( .alternatinq

bedsofsandandmud)andKOmeno(gravels)Formationsinascendinq

order(Table3).Thesesedimentsintercalatesatleas七twenty

fivevolcanicashlayers。Thegeoloqicmapandcolumnarsections

コ タ
areshowninF■gs.5,6and7.

1.BirokuFormation(皿atsui,1943)

Typelocality=七heareaaroundtheBandoikepondto

thenorthwestofBirokuvillage

Thisformationiscomposedmainlyofgravelsofbluish

greensandsー ヒonewhichwerederivedfromthebasementofthe

MesozoicandPaleozoicformatiOns.Gravelsaresubroundand

subangularinshape,andarecObble,pebbletosmallboulder

一14一
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Table3. StratigraphyOftheTokai

InabeandHokuseiarea.

Group■n

AUuvium

TerrQcedep◎slts

RengeliFbrmαtion

α

⊃

o
L

o

'吊

工

○
ト

,

KomenoFbrmGtlon

1
-一 一 一 一 一 一Pu

。αzumiFormQtions.

嫡

一 一 一 一Kur(19αrl-Bd-・

Formαtion-Ni

一..Md -2

1chinohα 陥 ・Fbrmα 価on
-一 一一 一一 一一 臨一 ・一 曽一 一一 ・一 一一 ・一 一一 一一1 ・1d-1

工C

一Ko
noFbrmα 価onIid

-一 曽 一 一 一 一 　 一 一 一 　 一 曽 一 一 一 一 『 一 一Br

BirokuFormαtion

Bαsement

-(MesOzOicand

Pa〔eOzOicrocks)

VolcanicAshes

Pu;Pumice

Sn;SQnohara

Bd-2;Bando-2

Bd-1コBando-1

Ni3Ninose

nd-2FMinamidムni-2

Md-13ninamidani-1

工c,工chinohara

HdHigashidani

BrBiroku
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in。i。e.M。 ・tgrav・1・areheaviエyweath・ ・ed'andthemat「'x

isc。mp。 ・ed・fblui・hgreen・ ・1。red・and・ ・Di・t・'but'onsa「e

restrictedint二hefOothillzOneoftheYOroMOun七a■ns・

Atth。typ・1・calityar・u・dth・Band・ik・p・nd'th・gravel

b。daセ 七。in。50m七hi・k.Th・1・werpar七i・c・mp・ ・edm・inly・f

。。bbl。t・P・bbl・gra▽ ・1・.Athinlignit・ ・eami・in七ercala七ed

inth・upPerm・ ・七part.Th・1・werpartcr・P・ ・u七w・ll・tthe

cliffnear・ ヒhepond.Atthisoutcropダtheamountof

sandstonegravelsreachestoabOut95老and七herests■s

occupiedbycher七qravels. の
InthenorセhofKitanakatsuhara,theBirokuForma'ヒ].onun-

conformablyoverliestheMesozoicandPaleozoicsandstone

intheupperstreamoftheYamadariver.Here,this

forlnationisaboutl5mthickandisdividedintotwoparts:

thelowerparヒofsubanqularandsmallboulderqra▽elsand

theupperpartofsubangularpebbleandcobblegravels.

Theunderlyinqsandstone(MesozoicandPaleOzoicformatiOns)

isheavilyweathered.

2.KonOFormation(Matsui,1943)

Typelocality:NorthwestofBirOku

ThisformatiOnisdistributedmainlyfromKoharaisshiki

toChikaraOintheareaofsouthernfoothillsoftheYoro

D40untains.工tiscomposedofalternatinqbedsofInassive

bluishgreenmudandsandwithliqnit二esandvolcanicashlayers.

AtleastfivevOlcanicashlayersarein・ ヒercalatedinthisforlnation,

andt二hreeof・ ヒhem,theBiroku,Hiqashidaniand工chinoharavolcanic

ashlayersinascer}dinqorderareeffecti▽emarkerbeds.
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Thethicknessofthisformationdecreaseswestward:

aboutllOminKono,butabout25minKitanakatsuhara.

Generally,theKonoFormationabu七sontheMesozoicand

PaleozoicrocksandoverliesconformablytheBirOkuFormation.

Atthecliffalongthewayfrom工chinoharat二 〇Biroku'

theKOnoFormationis七ypicallyexposed.Thesedimentsof

aboutl6mthickareobser▽ed,whicharecomposedofmuddy

alternaー ヒionofmudandsandbedswithsevenliqniteseams.

Threevolcanicashlayersareintercalated,andtheupPer皿ost

oneisー ヒheBirokuvolcanicashlayer.

ThecolumnarsectionsaroundKonoareshOwninFig。7-c。

ThisformationofaboutllOmthickisdividedintotwo

parts.ThelOwerpartiscOmpOsedofmudlayerswi七hmany

lignitebeds,andtheupperpartismuddyalterna'ヒionOfsand

andmudbeds.Thelowerpartiswellexposedattheriverbed

andriversideoftheHiゴieriver.Ontheriverbedatthe

eastofKono,theMesozoicandPaleozoicshalehea▽ily

weat二heredcropsout,wherethe皿udoftheKonoFormation

o▽erliesunconformablythebasementrocks(Fiq.8).

TheupPerpartoftheKonoFormationisexposedata

cliffof珂inamidani,andthesedimentsofabout39m'ヒhick

canbeobserved.工nthemiddleofthecliff,avolcanic

ashlayer,ofblackgraycolorin七helOwerandyellow-

ishgreencolorintheupPer,occurs.Thisisthe工chinohara

volcanicashlayer.

Atthenorthof工chinohara,theKonoFormationiswel1

一24一



YA779(Kono)

N4-一 一一

φ

Fiq.8。 Sketchoft二heuncOnfOrmitybetweentheMesozoic一

PaleozoicformationandtheKOnoFormatiOnat

theriversideof『 ヒheHiゴieri▽erinKonO.
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exposedintheupperstreamoftheAkechiriveranda七Hiqashidani.

Intheformerplace,itisabout75mthick,andinthe

latter,abou七120m・ ヒhick.

3.IchinoharaFor皿ation(Mat二sui,1943)

Typelocality:AtthevalleytothewestofMatsuna-

shinden

Thisformationiscomposedmainlyofalternatinqbedsof

mudandgra▽el,andoverliescOnformablyt二heKOnOFormation.

In・ ヒheareatothenor'ヒhofKawahara,howe▽er,itabu¶ ヒsdirectly

ontheMesozoicandPaleozoicrocks.Thethicknessof七his

formatio耳at七ainsto220mnear工chinOhara,andto350malonq

theYamadariver.工ntheareato七hewestofHirako,七heupper

parヒofthe工chinOharaFOrmationgradesinto『 ヒheoverlying

KuragariForma七iQn.Atleastninevolcanicashlayersare

intercala七edinthisformation,andfi▽eofthemareeffec・ ヒive

markerbeds.TheyarecalledtheNinamidani-1,Ninamidani-2,

Ninose,Otsuゴishinden,andBando-lvolcanicashlayersin

ascendingorder4

ThereisarepresentativeoutcropatthewestsideOf

Kyowaikepondinthe▽alleytothewestofMatsunashinden・At

'ヒhisplace
,thebedss七rikenOrthwestbywes七anddip50。sOuth.

Thicknessofthesedimentsisabout47m.Sixgravelbedscanbe

observed,andthethicknessofeachranqesfromlmtogIn.

Gravelsaresubroundinshapeandcobblerヒopebbleinsize・

Theamountofqravels,sandsandmudsinthesedimentsat

thisoutcropis31.5竃,24.0老and44・5署,respectively.

一26一



Tw。thinligni七 ・ ・eam・are・b・erved.Aligh七qrayhardv・lcani・

ashlayer(theNin。 ・ev・lcanica・hl・yer)i・intercalatedin

aliqnitebedatamiddlehOrizon.

　ロ
エnHigashikoyamadanivalley,t二heIchinoharaFor皿at■onユs

wellexposedat2kmdownstreamfrolnthesou・ ヒhendoftheSango-

oikepond.Thesedimentsareabout260mthick・Theyarecom-

posedmainlyofthealternatinqbedsofgravelandmud・ 工nthis

v・ll・y'thecliff・b。ut200md・w・ ・treamf・ ・mth・Sanq・ 一・斗ke

pondcanbenOminatedasarepresentativeoutcroP.Thesediments

are46mt二hick7composingofcobbletopebblegravels(12mirl

thickness),bluishqraymud(9m),gravels(llm),liqnite(0・2

m),bluishgraymud(llm)andgravels(3m+)indescending

order.AtanothercliffabOutl.2kmdownstreamfromセheSanqO-

oikepond,thesediment二sof34mthickareObserved.Three

▽olcanicashlayerscanbede'ヒectedin'ヒheqravelfacies.

Amongthem,theupPermOs七 〇neisassiqned七 〇theBando-1,and

themiddleoneistotheOtsuゴishindenvolcanicashlayer.

工ntheneiqhborhoodof工chinohara,the七ypicalou'ヒcrOpis

locateda七thesou七hofIchinohara(Fig.9).Thicknessofthe

sedimentsisabout34m.Theupperpartiscomposedofgravels

andmuds.Thethickes七gravelbedisgmthick.Thelower

partiscomposedofmudswithsands,and・ ヒheNinosevolcanic

ashlayerisintercalatedwi七hpea一 ヒymud.

4.KuragariFormationQ4atsui,1943)

Typelocality:hills』 ヒothenort二hofKuraqarivillage

ThisfOrmationiscomposedmainlyofqravelswithasmall

一27一
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amOuntofmudandsandlayers.Atleastfivevolcanicash

l。yer・areintercal・t・dwithinthi・f・rm・ti。n'andam・nqth・m'

theBandO-lvolcanicashlayerisusefulasakeybed・Gravels

arepebbletOcobbleinsize,andaredominatedbychert'

sand・t・neandquar七 ・p・rphy・y,withm・t・ix・f・ 。ar・eヒ ・medi㎜

sand.Intotal,theamountofcher七isabout50-70宅andthat

ofquartzporphyryisabOu・ ヒ20-30宅.TheBandO-lvolcanicash

layerisalsocO㎜onlyfOundintheupperpartOftheIchinoharε

FormationinnOrthernpartofHokuseiarea.ThisformatiOnis

distributedonlyinヒheareatOtheeastofHirako・The七hick-

nessofthedepOsitsincreaseseastwardandnorthward・

工nthetypearea,atopographicasymmetrycanbeseen

betweenKuragariandKOno,whichhastheridqebeingsteeper

to七henorth.AlOngthisridge,theKuraqariFOrmationare

wellexposed.ThelOwerpartiscompOsedmainlyofqra▽els,

whiletheupPerpartiscompOsedofsandsandqravels.工n

NishikuwanaNeOpolisresidencearea,totheeastofthetypearea,

thesedimen¶ ヒsat七ainabout90minthickness。TheyarecompOseI

mainlyofcobble『 ヒopebblegravelswithmudandsandlayersand

anamountOfsandincreasestotheupper.Themaximumthickness

・fgrav・lb・d
.i・ab・ut35m・

5.OizumiFormatiOn(Matsui,1943)

Typelocality:atthevalleyinthewesternareaof

Iくasadashinden(theAkechiri▽er)

Thisformationiscomposedmainlyofalternat二ingbedsof

sandandmudwithsomeliqnitesandvOlcanicashlayers,and

一29一



isabout360mthick。Atleasttenvolcanicashlayersare

intercala七 ・dinthi・f・rm・ti・n'andf・uギ ・fth・m'B・nd・-2'

SonOhara,PumiceandROkkokuvolcanicashlayersinascendinq

Order,are盛availableasqoodmarkerbeds.

Alonq'ヒheAkechiriver,thisformatiOniswellexposed

andthesedimentsofaboutl60minthicknessareobser▽ed.

TheyarecOmposedofalternatinqbedsofbluishgrayInudand

sand.Thebedstrikesnorthwes『 ヒbynOrthtosOutheastby

sOuth,anddips7-8deqreeswest.AthickvOlcanicashlayer

ofl3mthick(Pumicevolcanicashlayer)wasrecOgnized.

TheSonoharavolcanicashlayerwhichisblackqrayincolor

andpumiceousisalsoobservedintheupPers七reamofthat二po■nt・

6.KOmenoForma・ ヒion

Typelocality:acliffinthewestOfKOmenO

Thisformationoccupies・ ヒheupPermostpartOftheTokai

GrOup。ThisiscOrnposedmainlyofqrave工swhicharemadeOf

sandstone,shale,siliceousshaleandchert二.ThelOwerpart

isco㎜Onlycomposedofqranule,pebbleandcObblegra▽els,

whiletheupPerpar'ヒisrepresen七edbycObblewithbouユder

qravels.ThisformationisdistributedmainlyinTaraarea

(Fiq.3-B).

b.lraraarea(Fig.3-B)

TheTokaiGroupin七hisarea

(1971)andMiyamuraetal.(1976)

Accordingtothem,thedepositin

wasreportedbyYOkoyama

asshowninFigs.10andll.

thisareais650minthick一
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nessandwasdi▽idedintO工chinohara,OizumiandKomenoForma-

ti・nsinascendinq。rder.Atleastfifteen▽ ・lcanicashlaye「s

arecOmmOnlyfOundthroughoutthisarea(Fiq.12).

TheIchinoharaFormationo▽erliesunconformablyt二he

D4esozoicandPaleozoicrocksoftheYoro}伍ountains.Inthe

neighbOrhoOdofSeゴihara,thereareseveralqoodoutcrops,

andthefOrmat二ionismeasuredas50-70mthick.Thesediments

arecomposedmainlyofalternatinqbedsofgra▽eIandmudwi『 ヒh

sOmesandylayers.田hethicknessandsedimen七aryfaciesare

▽ariablelaterally .Gravelsarecobbletopebbleinsize'

subangulartosubroundinshape,andarecompOsedmostlyof

sand』stOnesubordinatingwithshale,andchert.

TheOizumiFOrmationreachestO300minthickness,and

itssedimentaryfaciesarealsovariablelaterally.At田ara,

alOnqtheMakitariverandSushirodanivalley,thesedimentary

faciesis▽erysilnilartOthoseOf'ヒheIchinOharaFormation

a七 工nabearea.Theauthorcallsthisfacies'lTaraFaciesl量Of

theOizumiFormation.Thisfaciesischarac七erizedbyalter-

natingrbedsofqra▽elandmud・Ontheotherhand,alongthe

AibagawariverandaroundKomenO,itiscomposedofalternating

bedsofsandandmudwithsmallamountOfgranuletopebble

gravels.ThePumiceandSushirodanivolcanicashlayersare

interca工ated.

TheIくomenoFormation,theupPermostformationOftheTokai

Group'exceeds300m¶ ヒhickandt二hinsnorthward.Itiscomposed

mainlyofcobbletopebblegra▽els,withmatrixof▽erycOarse
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sand.Gra▽elsarecOmpOsedofsands'ヒOne(50毫),andsubordi-

natinqofsiliceousshale,shaleandchert,andwithsmall

amountofquar七zporphyry.TypelocalityOftheKomenoForlna-

tionisthecliffOftheA⊥baqawariver,tothewestofKOmeno

inthisarea.

c.Suzukaarea(Fi9.3-C)

Attheeast二footofSuzukaMountains,theTokaiGroup

exceeds800minthicknessanddipstOtheeast(Fiqs.13and

l4).TheTOkaiGroupisdividedinrヒo『 ヒheBiroku,Kono,

工chinohara,andOizumiFormatiOns,andatleastsevenvolcanic

ashlayersareintercalated(Fig.15).工ntheupPercourse

OfatributaryoftheTashidariver,theBirokuFormationis

wellexposed.rヒis30mthickandtwoliqnitebeds

areintercalatedintheupperpart.工tisconfOrmablycovered

withtheIくonOFormation。TheKonoFormationcrOpsoutinthe

uppercOurseoftheTashidariverandits七ributaries.工tcon-

sistsofmuddyal七ernatingbedsOfsandandmudwithliqnite

beds.工tisabout40mthick.The七hicknessofmudlayer

rangesfrom2七 〇5mthick,andthatofsandlayerisabout2m

thick.Acoarsegrainedcrystallinevolcanicashlayer

namedtheエchinoharavolcanicashlayer,lieslOmabo▽e

theunconforlnityonthebasementrOcks .

Also,the工chinoharaForma・ ヒioniswellexposedatthe

riverbedoftheTashidariver.Inthisdistrict,thisfOrma-

tionisabout470mthick,andisdividedinto'ヒwoparts.The

一36一
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lowerpartiscomposedmainlyofcObblegravelswiththinmud

layers,andtheupPerpartiscomposedofalternatinqbedsof

qra▽elandmud。

TheOizumiFormationisalsoexposedatt二hecliffsalOngthe

Tashidari▽er.Itexceeds220minthicknessandiscompOsed

Ofalternatingbedsofsandandmudwithsomegravellayers.

d.Kuwanaarea(Fiq.3-D)

工nthewes'ヒofIくuwanaCi¶ ヒy,`ヒheTokaiGroupformsthe

hillsOf50-200minheiqh・ ヒ,andmakesanasynmetricanti-

clineinN-Strend,calledKuwanaAnticline(Figs.16andl7).

AttheeastwingOfthisanticline,thestrataaresteeply

inclinedtO工seBay。Aroundtheaxisoftheanticline,the

IくOnOForma・ ヒ土Onisexposed.TotheupPerhOrizon,the工chinohara,

KuraqariandOizumiFOrmatiOnsaresuccessi▽elyarrangedin

ascendingOrder.ThetO七althicknessofthestrataisabout

420m(Fig.18).AヒleasteightvOlcanicashlayersare

foundin七heeastwinqOftheanticlineandfourteenlavers

initswes七wing.

TheKonoFormationisexposedatNishibesshoofKuwana

City,andisc・mp。sed。falternatingbeds。fsandandmud・ エt

isabOut30mthick.A一 ヒtheaxisoftheKuwanaan七icline,a

lightgrayhardv・lcanicashlayer(Higashidaniv・lcanica・h

layer)isobser▽ed,anditcOntainsfragmentsofplantrema■ns.

TheIchinoharaFormationexceedsaboutlOOmthickand

isrepresentedby・andy・lterna七i。n・f・and・andmud・with

s。mepebblyqravellayers.Thisfaciesiscalled"Kuwana

_40一
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faciesoftheIchinoharaFormation11,andisdifferent二fromthat

。f。lternati・gb・d・ ・fgrav・landmud・tth・ エnabeandH。ku・eiarea・

工nSakashitachoOfKuwanaCity(at一 ヒhewestwinqOfKuwana

anticline),thelchin・haraF。rmati・n(ζb・ut70mthick)are

co▽eredwith七heKuraqariFOrma一 ヒiOnOfthegra▽elfac■es・

TheKuragariFOrmationiswellexpOsedatthepilotfarm

tOthesouthof胚izono.Thesedimentsisaboutl40min

thickness,whichisthethickestpartoftheKuraqar■Forma-

tion.工nOkushindenofKuwanaCity,thisfOrmatiOnisabout

90mthick.AttheclifffacingtosouthalOng七hewaytoa

feedtankinOyamadaResidencearea,thes'ヒrat二aofabout40m

in'ヒhicknessareObserved.Initsmiddlepart,twOvOlcanic

ashlayersareintercalatedand『 ヒheupperOneisassiqnable

tOtheBando-1▽olcanicashlayer.AtthislOcality,the

KuragariF・rmati・nisunc・nf・ ギmablyc・ ▽eredwi七htheMiddle

pleistoceneRenqeゴiFOrmation.

田heOiz㎜iFormationinthisarea,iscomposedOfsandy

alterrユationofsandsandmudsandisabOutl20mthick.

Toqetherwithverythick(abOutlOm)bedsofthePumice

volcanicashlayeratNishibesshoandthevalley・ ヒotheeast

OfKaregawaat二leas七six▽olcanicashlayersarein・ ヒercalat二ed

inthisformation・AlOngtheroadOfIくuwanaChuoLine,the

OizumiFOrmationisexposedo▽erabout900mfrOmtheKuwana

IC(lnterchanqe)tOthewes・ ヒ。Atthelocalityabout400m

tothewestoftheKuwana工C,athick(aboutlOm)pumiceous

▽olcanicashlayerisin『 ヒercalated,whichcontainsmanypumice

一45一



grainsinthem⊥ddlepart.

2volcanicashlayer.

工tcanbedesiqnatedtO・ ヒheBando一

e.KakiandOyachiHills(Fig.3-E)

Alongrthewestcoas・ ヒofIseBay,fromKuwanatoYokkaichi

City,therearetwOhillyregiOnsofabout50-100minheight,

whicharecOmpOsedoftheTOkaiGroup.Amonqthem,thenorthern

hilliscalled脚KakiHillulandthesouthernOneisca!led

I曹OyachiHilll響
。AstheaxisofanticlinerunningfromKuwana

hill(Kuwanaanticline)plunqestothesouth,theupperhOrizon

apPearedinthesOuthernpar七alonqsidetheanticlineaxis

(Figs.19and20).

工ntheKakihill,theTokaiGroupisdividedintothe

工chinohara(340mth⊥ck),Kuragari(llOmthick)andOizumi

(260mthick)FOrma七iOnsinascendingorder.ThrOuqhou七these

sequences,atleastsixteen▽olcanicashlayersareidentified.

IntheareaarOundKuwabe,'ヒheIchinoharaFormation

iscomposedmainlyOfalternatinqbedsOfsandandmudwi七h

smallamountOfpebblegra▽ellayers,anditbelOnqstothe

KuwanaFacies(Fig.21).TheKuraqariFormationiswellexposed

alOngtheHiqashiNeihanHiqhway。 工七iscolnpOsed

mainlyofsandyqra▽eldepositsandissimilartothe

faciesaroundIくuwanaCity.工tcontainssomevolcanicash

andmudlayers.TheOizumiFormationiscomposedOfalter-

natinqbedsofsandandmudwithsomegravellayers・This

faciesissliqhtlydifferentfromthatintheKuwanaarea'

一46一
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becauseofthepresenceOflargeamountofsandymaterials

andabundantgravellayers(Fig.21).

工ntheOyachihill,・ ヒheTokaiGroupcOnsistsoftheIくuragari

andOizumiFormatiOnsinascendinqorder.Theformer■scom-

posedofsandygravellayersandisaboutllOmthick・The

KuragariFOrmationisexposedatHeizu,westofOyachi,andin

thelOwestpart,apeculiarvolcanicashlayercOnta■n■ngmany

Pumicegrainsisintercalated.NuddysedimentsaremOredOminant

七hanintheKuwanaarea.TheOizumiFormationisabout240mthick

andcanbedi▽idedintotwofacies▽ertically。Theupperhalf

isexposedatTarusakaofsoutheasternpartOfthehilland

atAqataofwesternpartofthehill.工tiscOmpOsedmainly

ofsandandgra▽ellayersinwhichcrosslaminationsarewell

de▽eloped・ThelowerhalfwhichiscomposedOfalternating

bedsofsandandmudwithsomeqra▽ellayersisobser▽edalonq

theTOmida-YamaゴoTollROad.

f.YOkkaichiarea(Fiq。3-F)

TheTokaiGroupdistributedatthewesヒofYokkaichiCity

correspOndstotheOizumiF10rmationinHokusearea.工tis

aboutl50mthickandisdi▽idedintotwOpartsasshownin

theqeoloqicmapandcolumnarsectionOfFigs.22and23 .

Thelowerhalfisabout50m・ ヒhickandiscOrnposedof

alternatinqbedsofbluishgraycoloredclayandsandwith

somepebblegravellayers,andiscalled,lIくawashima廻ember"
.

ThosedepOsitsaredistribu七edmainlyaroundIくawashimaof

一51一
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YokkaichiCity.工nthismember,aprominantvolcanicash

layerofaboutlOminthicknessisintercala・ ヒed.Thislayer

treatedasveryusefulkeybedinthishillregion(Fiq。24)

iscomposedOfcoarsegrainedpumiceousash,andisdesiqnated

tothePumice▽olcanicashlayer.TheupPerhalfofabout

lOOmthickiscomposedmainlyofsandlayerswithmanyqravels,

andiscalled"NishihinoMember17.ThOsedepOsitsaredistributed

atthet二 〇poft二hehillandineasternendofthehill.

LithologyandrelatiOnshipbetweenlithofaciesandvolcanic

ashlayersintheHokuseareaaresu㎜arizedinFiq.25and

Table2.

D.DESCR工PTIONOFVOLCANICASHLAYERS

Atleastthirty▽olcanicashlayersintercalatedinthe

TOkaiGrouparediscriminatedeachO・ ヒherinthesur▽eyedarea.

AmOngthemthirteenare▽eryusefulkeybedsforchrOno-

s七ratigraphicalandbiostratigraphicalcorrelationonthe

basisOftheircharacteristicsandwidedistribution,and

theywillbedescribedinascendingorderasfollOws.

1.Birokuvolcanicashlayer(MoriandKimura,1973)

Typelocality:northwestofBiroku,Tado-cho

Thisvolcanicashlayerof30cminthicknessisinter-

calatedinthelowerpar・ ヒoftheIくOnoFormatiOnandiscomposed

ofmassi▽emedium-grainedashes.Thecolorisyellowishgreen

intheweatheredpartandgrayinthefreshpart.工tcontains

heavymineralsashornblende,biotiteandapatite・ 工ts

NRM(naセuralremanentmagnetizatiOn)revealsre▽ersedpOlarity.
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Fiq.25.

。扁1

工・ateralli・ ヒholoqic▽ariationsOftheTokaiGroupin七he

HOkusearea.

A乙volcanicashlayerB:gravelsoftheKomenO

FormarヒionC:alternatingbedsofsandandmudof

theOizumiFormationD:alternatingbedsof皿udand

qravelof・ ヒheOizumiForma・ ヒionE:sandandgravelsof

theOizumiForma・ ヒionF:sanddominantal七ernatingbeds

ofsandandmudoftheOizumiForma・ ヒionG:sandand

graveloftheKuragariFormationH:sanddominant二

alternatingbedsofsandandgraveloftheKuragari

Formation工:alternat二inqbedsofmudandgravelof

theIchinoharaFOrlnationJ:alternatinqbedsofmud

andsandoftheIchinOharaFormationK:al七ernating

bedsofmudandsandoftheKonoForma『 ヒiOnL:gravels

oftheBirokuFormationb4:レlesozoicandPaleOzoic

SE

formations.
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Alth・uqh・thertw。 ▽・lcanicashlayer・are・b・er▽ ・dbel・w

thisatthetypel・cality,theirN脳ssh・wreversed

polarity.

2.HiqashidanivOlcanicashlayer

TypelOcality:HigashidaniintheeastOf工cninOhara,

Inabe-cho

This▽olcanicashlayerisintercalatedinthemiddle

par七 ・fth・K・n。F・rm・ti・n・ エtissitu・t・d・tth・h・ri・ ・nab・ut

40mhiqhabOvetheBirOku▽Olcanicashlayer.Thicknessis

50cmatthetypelocality。Itispaleincolorinfτeshpart/

andisyellow-greenishqrayinwea一 ヒheredpart.工tsNRMreveals

normalpolarity。ThislayerisalsOexpOsedattheriverbed

oftheHiゴieri▽eranda・ ヒN土shibesshO,containinqwell-preserved

fossilleaves.Onceitwascorrel… しtedwith七heBirokuvolcanic

ashlayer(MoriandKi皿ura,1973),butitisclearthatthis

vOlcanicashlayerisdifferentfrOm七heBirOkuvolcanicash

layerfrOmthestratigraphicpositiOnandmagneticpOlarity.

3.工chinohara▽olcanicashlayer

Typelocality:AtthepassalOngtheroadfrom工chinOhara

toBiroku,工nabe-cho

Thisvolcanicashlayerisintercala・ ヒedip・ ヒheupperpart

of『 ヒheKonoFOrmation・Its・ ヒhicknessis86cmatthetype

locality.W⊥thinit,threedifferentpartsareObservedas

showninFiq・26。Thelowestpartisdarkgrayincolor,and

iscOmpOsedOfcoarse-grainedvolcanicqlasseswi七hcrys・ ヒals

OfbiOtit二eandquartzandsmallpumiceg・rains.Themiddle
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Fig.26。 Columnarsectionsofthe工chinoharavolcanicashlayer .
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partisgreenishyellowincOlOr,andiscOmposedOfcoarse-

grained▽olcanicglasseswithbiOtitecrystals・TheupPe「

partiscomposedmainlyofglassflakes,andislightgray

incolOr.It二con・ ヒainshea▽ymineralssuchasbiotite'horn-

blende,orthOrholnbicpyrOxeneandzircon.工tsN脳showsnormal

polarity.Thefission-trackagesweremeasuredattwOlocalities

respecti▽elyア2.8m。y.fOrthesampleatKonO-minamidaniand

2.9m.y。attheTashidari▽er(YOkOyamaetal.,1980b).

4.Minamidani-lvolcanicashlayer

TypelOcality:NinamidaniinthesouthOfKono,TadO-chO

Thisvolcanicashlayerisin七ercalatedin'ヒhelowerparrヒ

OftheIchinoharaFormation.エtsthicknessisabout80cmat

'ヒhetypelOcality
.Withinit,twodifferentpartscanbe

Observed.ThelowerpartiscOmposedOffineglassy▽Olcanic

ashandyellowincolor.工t二con『 ヒainsheavymineralssuchas

hOrnblende,OrthorhOmbicpyroxene,clinOpyroxene,biOti'ヒeand

apati七e.工tsNR図revealsnormalpOlarity.

5.Minamidani-2▽Olcanicashlayer

Typelocality:NinamidaniinthesOuthOfKonO,TadO-cho

ThisvolcanicashlayerisintercalatedinthehorizOnof

40mabo▽ethe逼inamidani-lvolcanicashlayer.工tsthicknes$

is90cma・ ヒthetypelOcali'ヒy.ThelOwerpartisqreenish

yellowincOlOr,andiscompOsedOfmedium-grainedglassflakes.

Ontheotherhand,七heupperpartiscOmpOsedOfalternatinq

bedsoffine-andmediurn-grainedglassylayers.工tcontains

hea▽ymineralssuchashornblende,or・ ヒhorhombicpyroxeneand
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biOtite.エtsNRMrevealsnormalpolari七y.

6.Ninosevolcanicashlayer

TypelOcali'ヒy:a七Ninose,Hokusei-cho

ThisvOlcanicashlayerisintercalatedinthemiddle

partoftheIchinoharaFOrmation・Thismassi▽e .glassy▽olcanic

ashlayerislightgrayincolOr.Atthetypelocality,it

is40cmthickand土sintercalatedingraymuds.工tsNRN

re▽ealsreversedpolarity.

7.Otsuゴishinden▽olcanicashlayer

Typelocality:atri▽erbedoftheYamadari▽erinthe

eas七 〇fOtsuゴishinden,HOkusei-cho

Thisvolcanicashlayerissituat二edintheupperpartOf

theIchinoharaFOrmatiOn,inthehorizOnaboutllOmabo▽ethe

NinOsevolcanicashlayer.工tsthicknessis95cmatthetype

localityandisdividedintothreeparts.Thelowerpartis

2-5cmthick,coarse-grainedqlassyvOlcanicash,andwhite

incolOr.Themiddlepart,about35cmthick,consistsof

laminatedfinevolcanicashwithsmallpumicegrains,andis

veryhard.Theupperpart,abOut55cmthick,ismassi▽eand

palegrayincolOr.Inrヒhispart,smallpumicegrainsand

plantfraqment二arecontained.

8.Bando-1▽olcanicashlayer

Typelocality:NorthofBandoshinden,工nabe-cho

ThisvOlcanicashlayerisqenerallyintercalatedinthe

upPefpartoftheIchinoharaFormation.Alsoitisinthe

KuraqariF。rmati・nintheea・ternpart・ftheH・kuseiandエnabe
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area,andKuwanaarea.工tsthicknessis200cmatthetype

l・cality,anditreache・t・400cmintheea・t・fエchin・hara・

Thi・ ▽・lcanica・hl・yeri・divid・dintgtw・part・ ・Thelowe「

partismedium-grainedpumiceousashesandpaleyellOwincolOr.

TheupPerpar一 ヒiscomposedofthealternatingbedsOffineand

medium-grrainedashes.It二containsmanypumicegrains・Its

NRNshOwsreversedpolarity.A・ ヒ 七hetypelOcality,thisvOl-

canica・hl・yerseem・t・bec・incident・Lwithth・T8・fT・k・ha「a

(1961).

9。BandO-2volcanicashlayer

Typelocali七y:Higashikoyamadani,Hokusei--chO

ThisvolcanicashlayerisintercalatedinthelOwermOst

partoftheOizumiFOrmation.工tsthicknessisl60cma'ヒ 七he

typelOcality,butitreachesuptOl,000cmatNukatainKuwana

City.Thisashlayerismassi▽eandpaleqrayincOlor,and

cOntainsabundantpumiceqrains.ThisiscolnpOsedmainlyOf

glassflakeswithhea▽ymineralssuchasorthorhombicpyroxene,

hornblende,biotite,apatiteandzircon.ItsNRNre▽eals

reversedpOlarity.

10.SOnOhara▽Olcanicashlayer

Typeloca!ity:atri▽erbedoftheYamadari▽erin七he

eastofSOnOhara,Hokusei-cho

Thisvolcanicashlayerisintercalatedin・ ヒhelOwerpart

oftheOizumiFormation,andabout50mbelow・ ヒhehorizonof

¶ヒhePumicevOlcand℃ashlayer
.Itsthicknessis60cmatthe

typelocality・TheIniddlepartiscomposedofcOarse-grained

volcanicashlayerwithabundantpumiceqrains.Thecoloris
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isdarkgray.Suchheavymineralsashornblende,Orthorhombic

pyroxene,clinopyroxene,biotiteandapatitearecontained,

butglassflakesareveryrare.

ll.pumice▽Olcanicashlayer(Yokoyama,1971)

Typelocality:NishikainO,Hokusei-cho

Thisvolcanicashlayerisintercala七edinthemiddlepart

OftheOizumiFOrmatiOn.ThislayercanbetracedcOntinuously

fromKamitarainGifuPrefecture,andthroughKamikasadaand

Karegawa,toYOkkaichCity.工tsthicknessis700cmatthe

typelocality,butitreachestol,300cmattheri▽erbedof

theAkechiri▽er.Thislayerisdividedintothreepartsas

showninFig.27。Thelowerpartis▽eryhardandmassivewith

laminatedpart.Themiddlepartiscomposedofcoarse-qrained

volcanicsandwithmarlypumicegrains,andiswhiteincolor.

Inaddi七iOn,cross-laminationsareobservedinthispart.The

maximumsizeofpumiceqrainisqenerally5-6cmindiameter.

Theupperpartisfine-grained,laminatedandwhiteincolor.

ItcOntainsheavymineralssuchashornblende,Ortho写 草Qmbic

pyroxene,clinopyroxeneandapati'ヒe.ItsNRMrevealsreversed

polari七y.ThePumicevolcanicashlayerhasbeerltrea・ ヒedas

anusefulkeybed,anditiscorrelatedwiththeMushonovol-

canicashlayerof七heKobiwakoGroup(Yokoyama,1969ア エshida

andYokoyama,1969)。

12.Sushirodanivolcanicashlayer(Miyamurae七al.,1976)

Typelocality:Sushirodanivalleyattheeastof

Kanae,Fuゴiwara-cho

Thisvolcanicashlayerisintercalatedin'ヒhemiddle

partoftheOizumiFormation.工tis20-80cmヒhick.The
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finesand

peatysiltwithpumices(20)

laminatedmediumqlassy(120)

larninatedfineglassy(30)

coarsewithmanypumices(350)

crosslamina

Fig.27.

laminatedfine-mediumglassy(150)

yellowmediumwithpumices(20)

liqh七qray-whitefine(5)

mediumhard(20)

qraysilt

Columnar sectエonof

-63一

thePumicevolcanicashlayer.



10werpartis5-7cmthickand⊥syellOwishgrayincolor.

工tiscomposedofsmallp㎜iceqrains(diameterllessthanl㎜)

andhornblendecrystals,inwhichthelattersareusuallyvisible

e▽enbynakedeyes.TheupperpartiscOmpOsedOffineqrained

▽・lcani・glassflakesandi・y・ll。wi・ 与whiteandpinki・hwhite

incolOr。

工3.Rokkoku▽olcanicashlayer(NoriandKimura,1973)

.Typelocality:WestofRokkOku,HOkusei-chO

This▽Olcanicashlayerisintercalatedintheupperpart

oftheOizumiFormation.工tsthicknessis55cmatthetype

lOcalit二y.工tiscOmposedOfmedium-qrainedglassyvOlcanic

ashandiswhite『 ヒopaleyellowincOlor.工tsNRHshOwsre▽ersed

polarity.ThefissiontrackageOf'ヒhisashlayeratthe'ヒype

lOcalityisIneasuredl.4m.y.(Yokoyamaetal.,1980b)。

AlthoughthiswasrecentlyconfirmedtObesametothe

IくomenO工1▽olcanicashlayerofYOkOyama(1971),thenameOf

theRokkoku▽olcanicashlayerisusedinth⊥spapercon▽enient二ly・

E.BIOSTRAT工GRAPHY,哲AGNETOSTRAT工GRAPHYANDF工SS工ONTRACKAGES

InthePlio-PleistocenesedimentsofセheKinkiandTokai

districts,Miki(1948)recoqnizedfirstsixfossilplantbeds。

ThosearePinus『 ヒrifoliabed,Netasequoiabed,Paliurusbed,

Larixbed,Sapiu皿bedandAphanantebedinascendipgorder.

andHuzita(1954)confirmedthestratigraphicalpositionofthose

plantbeds.Basedonthoseresults,Itihara(1960)discussed

thedistinctionbetween1冒theageofMetasequoiafloraflourish曹1
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andl1theageofMetasequoiafloraextinct二ion「,・

塾4akiyama(1938)studiedfossilelephantsfromthose

districts,and工kebeetal.(1966)madechecklistoftheir

stratiqraphicalpositionsandlocalit二ies.Then,Kameiand

Setoguchi(1970)recoqnizedfivefossilzonesofPliocene-

Pleistocenema㎜aユs.ThOseareZonelOfSteqodoncf.

一'Z・n・2・fSteg・d・ninsignissuqiyamai'Z・ne3

0fSteqodonshodoensisakashiensis,Zone40fElephasshigensis

andZone50fSteqodOnOriental⊥s.

InthePliocene-PleistOceneTokaiGroup,manyfossils

suchasplants,▽ertebrates,molluscsarealsoyielded.The

horizonOfthosefossilsintheHokuseareaaregiveninFig .28.

NetasequoiawasdiscOveredthorouqhOutthisgrOup,withtypical

TertiaryfloraincludinqNyssaandLiquidambarinthelower

half・Fossilma・ ヒerialsofStegOdoncf.elephantoideswere

foundintheKameyamaFormatiOnintheNansearea,andthoseof

SteqodOnakashiensiswererepOrtedfromtheOizumiFOrmation

inth・H・ku・earea・C・n・equently,iti・abl・t。 ・aythatthe

T・k・iGr・upisall・cat・dth・th・N・tasequ・i・bed。fMiki(1948)
,

and「ang・ ・fr・mSt・g・d・ncf・elephant・idesZ・net。Steg。d。n

akashiensisZonebiostratigraphically.

Th・pi。neerw・rk・np・1・ 。m・gneti・m。ftheT・kaiGr。up

wascarriedOutby工shidaetal .(1969)・Maenakaetal.(1977)

summar■zedmaqnetostratigraphyofthePliocene-Pleis・ ヒOcene

sequencesintheKinkiandTokaidistricts
,toqetherwithOther

qeol。gicalandp・1…t・1。gicald・t・'but・ ・f・rth・T。k・iG・ ・up

thOsedatawerelefttobefraqmental .Sofar,theauthortried
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and・ucceed・di。measuri。gN脳 。 ・fth・v・ ・canica・hl・yer・along

sevenroutesinthefoothillareaof七heYoroMountainswhere

continuouscOlumnarsectionswereObtained(Table4andFig。

29).Astheresults,itisevident二thatallofashlayersabo▽e

theMinamidani魎2▽olcanicashlayerhorizonrevealreversed

polarityexcep七fOrnormalpolari七yofunnamedashlayeri㎜e-

diatelybelowtheBando-2vOlcanicashlayer.Ontheother

hand,theashlayersbetweentheNinamidani-2andtheHiqashidan;

revealnormalpolarity,but二thosebelOwtheHigashidanire▽eal

reversedpOlarityagain(TakemuraandTorii,1978).

Forthefissiontrackage,thoseOf『 ヒhreevolcanicash

layersoftheTokaiGroupwereObt二ainedbyYokOyamaetaL

(1980).Theresultsareasfollows:

工chinoharavolcanicashlayeratKonO(loc.YA888)2。9±0.3m.y・

工chinOharavOlcanicashlayerattheTashidari▽er(10c.SAgl)

2.8士0.3m.y.

RokkokuvolcanicashlayeratRokkOku(loc.YA72)1.4士0.2m.y.

TakingthOseresul七sintoconsideratiOn,thedepOsitionof

theTokaiGroupintheHokuseareaisabletobecOrrelated

witht二hemaqnetictimescaleofI近ankinenarldDalrymple(1979),

astheupPerhaユfassignableto七heNatuyamaReversedEpOch,

andthelowerhalfcorrespondingtotheGaussNOrmalEpoch.

Therefore,there▽ersedpolari七yzOneofthelowestpartmay

berepresentedbytheKaenaeventintheGaussNormalEpoch

asshOwninFig・28・Int二hisway,itispOssibletOsaytha七

thedepOsitionoft二heTokaiGrOupinHOkuseareawasinitiated

一67 一



O Qo 1

Ta
bl
e4
.

Pa
le
om
ag
ne
ti
cr
es
ul
to
fv
ol
ca
ni
ca
sh
la
ye
「
s

　
コ

(.
Ta
ke
mu
ra
&T
or
エ

ニ
L,
19
78
).

Sa
mp
le No
.

Lo
ca
li
ty No
.

Lo
ca
li
ty

Vo
lc
an
ic
as
h

la
ye
r

Ma
gn
et
ユ
C

po
la
ri
ty

A-
9

A-
11

A-
12

A-
13

A-
1

A-
2

A-
5

A-
6

A-
7

A-
8

A-
14

A-
15

YA
.1
35
8

YA
l3
59

YA
l3
59

YA
63

YA
l4
12

YA
l4
12

YA
l4
12

YA
l4
12

YA
13
57

YA
l3
57

YA
67

YA
67

}4
uk
oh
ir
a

Mu
】
く
oh
ir
a

図
uk
Qh
ir
a

Ni
sh
ik
ai
no

Ka
wa
ha
ra

Ka
wa
ha
ra

Ka
wa
ha
ra

Ka
wa
ha
ra

ロ
N■
no
se

N■
no
se

Ko
ha
ra
is
sh
ik
i

Ko
ha
ra
is
sh
ik
i

un
na
me
d

Pu
m■
ce
v.
a.

の

Pu
m■
ce
v.
a.

Pu
m工
ce
v.
a.

un
na
me
d

un
na
me
d

Ba
nd
o-
lv
.a
.

Ba
nd
o-
1▽
.a
.

Ni
no
se
v.
a.

Ni
no
se
v.
a.

Ic
hi
no
ha
ra
v.
a。

Ic
hi
no
ha
ra
v.
a.

R R R R R R R R R R } N

i 」

1 6 7 8 9 0 2 5 4 3 6 7 8 9 0 1 2 3

2 1 1 1 1 2 2 2 2 2 2 2 2 2 3 3 3 3

曽 一 一 一 「 胃 一 辱 } 一 鼎 一 騨 一 一 讐 「 一

A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y y Y Y

2 6 9 1 0 1 9 8 8 8 1 9 9 5 5 3 3 3

7 9 0 1 2 2 8 5 5 5 9 1 1 1 1 4 4 4

1 1 1 1 2 2 4 4 7 7 6 6 6

Ni
sh
ik
oy
am
ad
an
i

Hi
qa
sh
ik
oy
a皿
ad
an
i

Hi
qa
sh
ik
oy
am
ad
an
i

Hi
qa
sh
ik
oy
am
ad
an
i

Hi
qa
sh
ik
oy
am
ad
an
i

Hi
qa
sh
ik
oy
am
ad
an
i

N。
Ba
nd
os
hi
nd
en

N.
Ba
nd
os
hi
nd
en

N.
Ba
nd
os
hi
nd
en

N.
Ba
nd
os
hi
nd
en

N.
Ba
nd
os
hi
nd
en

S.
Ic
hi
no
ha
ra

S.
工
ch
in
oh
ar
a

N。
lc
hi
no
ha
ra

N.
Ic
hi
no
ha
ra

Bi
ro
ku

Bi
ro
ku

Bi
ro
ku

V.
a.

V.
a.

Ic
hi
no
ha
ra
v。
a.

Ic
hi
no
ha
ra
v.
a.

Bi
rQ
ku
v.
a.

Bi
ro
ku
v.
a.

Bi
ro
ku
v.
a.

Ro
kk
ok
uv
.a
.

un
na
me
d

un
na
me
d

Pu
m■
ce
v。
a.

u鴫
na
me
d

Ba
nd
o-
2v
.a
.

Ba
nd
o-
2v
.a
.

un
na
me
d

un
na
me
d

Ba
nd
o-
lv
。
a.

un
na
me
d

N■
no
se

N■
no
se

R R R R R R R R R R N R R R

.

Sa
mp
le No
.

Lo
ca
li
tv

孟

No
.

Lo
ca
li
ty

Vo
lc
an
ic
as
h

la
ye
r

・
Ma
qn
et
■
C
・

po
la
nt
y

㌦

A-
36

YA
34
6
Ko
no
mi
na
mi
da
ni

Mi
na
mi
da
ni
-2
v.
a.

N

A-
35

YA
84
5
1く
on
om
in
am
id
an
i

Mi
na
mi
da
ni
-l
v。
a。

N

A-
37

YA
81
1

Ko
no
mi
na
mi
da
ni

工
ch
in
oh
ar
av
.a
.

N

A-
34

YA
78
1

1く
on
o

Bi
ro
ku
v.
a.

R

A-
44

YA
98
1

Ch
ik
ar
ao

・
PU
m■
ce
v.
a.

R

A-
39

YA
97
7

Ch
ik
ar
ao

un
na
me
d

R

A-
40

YA
97
7

Ch
ik
ar
ao

Ba
nd
o-
2v
.a
.

R

A-
42

YA
10
26

Ch
ik
ar
ao

Mi
na
mi
da
ni
-l
v.
a.

N

A-
43

YA
10
15

Ch
ik
ar
ao

Mi
na
mi
da
ni
-l
v.
a.

N

A-
41

YA
10
25

Ch
ik
ar
ao

工
ch
in
oh
ar
av
.a
.

N

A-
38

YA
97
9
Ch
ik
ar
ao

Ic
hi
no
ha
ra
v.
a.

N

A-
45

YA
14
49

Nu
ka
ta

u皿
na
me
d

.

R

A-
46

YA
14
49

Nu
ka
ta

un
na
me
d

R

A-
47

YA
14
50

Nu
ka
ta

un
na
me
d・
'

R

A-
48

YA
14
61

Nu
ka
ta

Ba
nd
o-
2v
。
a.

R

A-
49

YA
10
76

Nu
ka
ta

un
na
me
d

N

A-
50

YA
11
61

Ok
us
hi
nd
en

Ba
nd
o-
lv
.a
.

一

A-
51

YA
ll
33

N上
sh
ib
es
sh
o

,
Pu
m■
ce
v.
a.

R

A-
52

YA
14
22

Ni
sh
ib
es
sh
o

Ba
nd
o-
2v
.a
.

R

A-
53

YA
14
22

Ni
sh
ib
es
sh
o

Ba
nd
o-
lv
.a
.

R

A-
54

YA
14
22

Ni
sh
ib
es
sh
o

un
na
me
d

R

A-
56

YA
14
84

Ni
sh
ib
es
sh
o

卜彊
in
am
id
an
i-
2v
.a
.

N

A-
55

YA
11
37

Ni
sh
ib
es
sh
o

Hi
ga
sh
id
an
iv
.a
.

N

A-
57

SA
91

Ri
ve
rT
as
hi
da

工
ch
in
oh
ar
av
.a
.

N



1 ① り 「

ヨ
…

一

誌
へ

郎
A-
12
3イ
.5
6

o
OO
O O
OO

ω O Z く 窪 く と ⊃ N ⊃ の

■

5
91
4
↓
ハ
虻

" 》

鯵 珊

繰
. O

も h '
O

.
.

9

・

箆 〉
ア.
で、 o

=1

O

■ . ○ 。 。 シ

. O Q

の

『 鯉 凱

三

爆

～ 班 .

■
多 . 解

O O

. Q o .

趣

。 凹 。 ㏄ ・ 舗 ㏄ ㏄ 絶

。 ・ 。 。 。 。. , m
O 紛 。 。 o 。 。 。 。

' . . ? 「 層 4 J 身 .

O ^
〆

鋸

毎

醗
ii
ii
難議
薦
嚢

OO
O

OO
OQ
OO

。
QO
。
O。
。
。
。
。
。
。
OO
。
。
0。
。
00
00
Q

OO
OO
OO
QO
OO
OO

OO
・
・
OO
OO

oo

5k
m

一

Fi
q.
29
.

oO
oO
oo
OO
Q oO
oO
OO
oO
O

。
。
OO
O。
。
O。
。
。
○
…

OO
OO
OO
Q
O
OO
O。
。
。
。
O。
。
。
。

OO
O O
OO
OO

OO
OO
OO
Q
OO
OO
OO
O
OO
O。
O。
oO
oO
O
oo
o
OO
OO
OO

Td

[コ
A

囲
B

C

匡
コ
D

工
、
oc
aユ
it
ym
ap
of
th
es
am
pl
in
gf
or
fi
ss
iO
n-
t二
ra
ck
ag
ed
et
er
mi
na
t二
io
na
nd

pa
l・
・
m・
qn
・
汽
工
cr
es
ea
rc
h.
A・
Al
lu
▽
iu
m,
B・
T・
Ar
ac
ed
ep
・

・
it
・
'C
・
T。
ka
iG
r。
up

D:
Ba
se
me
l」
Le
rO
ck
s



atabout3.Om.y.B.P .OntheO七herhand,basedOnthefission

trackageoftheRokkokuvolcanicashlayerandmagnetostrati-

graphicale▽idences,theupPerlirni・ ヒofthatdepositioncanbe

estimated・ ヒObeaboutl.2m.y.B.P .

IncOnclusion,itbecomescleart二hatthedepositiOnof

theTokaiGroupintheHokuseareahadstartedfrom3.Om.y.B .P.

andt二erminatedatabouー ヒ1.2m。y.B.P.

F.GEOLOG工CSTRUCTURE

ItiswellknownthatSouthwestJapanisdi▽idedtectO-

nicallyinto覆IlnnerzOneg璽and鯉Outerzone冒 響bythe電IMedian

TectonicLinel1,butfromviewpointOfneotec七 〇nism,theeastern

partofthel冒 工nnerzOne冒'isfurthersubdividedintosuchthree

tec・ ヒOnicprovirlcesasChubu,KinkiandChugokuBlocksfrOm

easttowest。AmOnqthem,theKinkiBlockrevealsatrianqular

planasnamedas"KinkiTriangrlellbyHuzita(1962).Demarca-

tiOnoftheKinkiBlockwiththeChubuoneisrepresentedby

theYanagaseFaultanditssouthernextensiOnoftheYOrO-lse

BayFault.

ThedepressionaroundIseBaywastheareaOfLakeTokai

duringPliocenetoEarlyPleistocene,andisdividedintotwo

parts,westernandeastern,bytheYOro一 工seBayFault(Fig.

30).工n七hispaper,itswesternhalfiscalledthe"Ag(豊sub-

ba6inI響andtheeasternhalfiscalledthel冒NaqOyasubbasin1量,

bu・ ヒitshouldbenotedthattheformerbelOnqs・ ヒo・ ヒheKinki

BlOck,whilethelatterbeユonqstotheChubuBlock.The

一70一
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Anticlinee:YokkaichiFlexure

71



sur▽eyedareaisincludedinthelIAgesubbasinl蟹inthissense,

anditischaracteristict二hattheTokaiGroupformsabasin

structurethere.工nthisarea,tectoniclinesrepresentedby

fault,foldandflexurearerecoqnized,whicharecoupledwith

'ヒhreedifferenttrendssuchasSe ・ヒOuchi
,SuzukaandYorotrends.

Generally,inthewes七 〇fthesurveyedarea七he田okai

GroupiscontactbytheIchishiFaultwiththePaleozoicrocks

andCretaceousgraniteof七heSuzukaMountains.In七heeast,

thatqrOuprestsunconformablyontheMesozOicandPaleozoic

of七heYoroMountains.工nthewesternfOot二hillareaofthe

YoroMountains,N200Wisaqeneralstriketrendofー ヒheTOkai

GroupinthenOrthernpart,whileitchangestoaboutN40。W

inthesouthernpart.Dippinqgentlytothewestat20-30

deqrees,theTOkaiGroupexposesitsupperparttosOuthwest.

Ontheotherhand,intheeasternfoothillareaoftheSuzuka

逼Ounta⊥ns,thestriketrendoftheTokaiGroupisnearlyN-S,

dippingtoeastat60-40degrees(Fig.31).

TheYoro一 工seBayFault,IchishiFaultandKuwana'Anticline

arerecOqrlizedasthefirstgradetectonicstructure.Among

them,thefirstrepresentssouthernhalfofqreatfaul・ ヒzone

whichdemarca七estheKinkiBlockfrOmtheChubuBlOck.The

YOrOFaultrunswiththeNNW-SSEtrendateasternfOOthill

areaoftheYoroMountains.Thewes七ernsideOfthisfault

(YoroMOuntains)waselevatedrelatively,arldamountofits

tot二alverticaldisplacementmightexceedl,500m.TheIse

BayFaultin工seBay(Kuwahara,19693ChuゴoandSuda,1971)
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hasbeenrecoqnizedonlybyseism工cprofillingandgravitationa工

survey.工'ヒstrendisNNW-SSEdirectiOnandi・ ヒisrecognized

tha・ ヒeasternpartof・ ヒhisfaultwaselevatedrelatively・

ThewestendoftheAgさSubbasinislimitedbythe工chishi

Faul『 ヒ(TakimotO,1935).ThisfaultrunsfromTaratoNatsusaka

alOngtheeasternfOothillareaOftheSuzukaMoun『 ヒains.It

extendsabout60㎞inN-Sdirection,bu七,inpreciselythis

faultiscOmposedofsmallfaultsinechelon.Generally,this

faultrunsbe・ ヒweentheTokaiGroupandbasemen七rocksincluding

Miocenestrata,andespeciallyaroundTsuandSekiarea,the

TOkaiGroupisclearlycontactwith七heNiocenedepositsby

thisfault.工nthiscase,itissurethatthisfaultisrelated

tOanupheavalofwesternSuzukaMountains,butthedipof

faultplaneisalmostin▽ertical.TheTOkaiGroupwhichis

distributedattheeasternsideofthisfaul『 ヒdipssteeplyat

about50-800E,andmakesazOneofsteepdippings・ ヒrataof

abOutlkmwide.

TheKuwanaAnticlineisanasy㎜etricfolding,whichruns

frOmShimonoshirO,Tado-chotothewe5tofYokkaichiCityalong

thecoastofIseBay.At二theKuwanaHills,westOfKuwanaCity,

i七hasN-S『 ヒrend,whileitセurnstoNNE-SSWattheKakiand

OyachiHillsofthesOu『 ヒh.Thestrataofthewesternwinqin-

clineaboutlOdegrees・ ヒowes・ ヒ,whilethOseoftheeastern

wingsteeplydipabou七60degreestoeast.

TheanothersteepdippinqzoneoftheTokaiGroup(工chinOhara

一74一



FlexureZone曾1bytheauthor)istraceablefrOmAgekitoKono

inthefoOthillsoftheYoroNountains,andiswithE-Wtrend・

工nthiszone,thestratainclinesteeplytosouthward/40-60

degreesinthesouthOf工chinoharaandabout25deqreesatthe

westofAgeki.工nthesouthwestOfChikarao,anasy㎜etr■c

anticlineisobser▽ed,whichlscalledastheIgaian'ヒicline

(Matsui,1943).工nthewestwingofthisan七icline,t二hes'ヒrata

oftheTokaiGrOupdiptowardsoutheastatlO-20deqrees.、

Intheeastwing,『 ヒhestratadipat80-90deqreeseastwardly

(Fiq.32).

工ntheTaraarea,theTOkaiGroupofthenarrowbeltbetween

theSuzukaandYoroNountains,fOrmsaconspicuoussynclinal

st=ruc『 ヒure.Thissynclinewascalled"ShinOdateSyncline買 冒by

Niyarnuraetal.(1976).

工II. PALEOGEOGRAPHYANDTECTON工SNOFSED工D4ENTARYBAS工NOF

LAKETOKAI

工ntheprecedinqchapter,thestratigraphy,geolOgic

structureandchronologyoftheTokaiGrOupinthecentral

andnorthernareason『 ヒhewest二cOastofIseBay(Sekiqahara

tOYokkaichiareas)weredescribed.工nthischap・ ヒer
,at

first,correlationandclassificationoftheTokaiGroupwill

beproposed'andinthesecOnd,thepaleOgeoqraphyonthe

b・ ・i・ 。f・tratigraphy'・h・r。n。1・gyandsediment。1・gy・fL・k・

Tokaiwillbediscussed.Lastly,tectonismsincePliocene
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arOund工seBaywillbecOnsidered.

A.CORRE工ATIONANDSUBD工V工S工ONOFTHETOKA工GROUP

Asmentionedbefore,theTokaiGrOupisdistributedmainly

aroundIseBay.

TheTQkaiGrouparoundNaqoyaCityiscalledtheSe'ヒo

GrouP(Nakiyama,1950),andNa・ ヒsuzawaetal.(1960)subdivided

itintotwofOrmations,theSetoporcelainclaydepOsitsand

theYadagawaFOrmation.Mori(1971a)studiedtephrOstrat■qra『 ∠-

phicallytheYadaqawaFormation,andsubdi▽1deditintothree

members.TheyareMizuno(gra▽els,orsandsandqravelsdOmi-

nant),Takahari(irreqularalternatinqbedsofliqnite,clay,

andgravel),andIdaka(-alternatingbedsofgra▽el,sandand

silt)membersinascendingOrder.

TheTOkaiGroupin七heChi七aPeninsulaiscalledtheTokoname

Group(Ose,1929),andwasstudiedtephrostratigraphicallyby

工toiqawa(1971),and珂akinOuchi(1975a).皿akinouchi(1975a)

di▽idedthosesedimentsintothreefOrmations:Toyooka(gra▽eユ

KOuwa(irregularalternatingbedsOfsandandmud),andFutto

Formations(irreqularalt二ernatingbedsofsandandmud)in

ascendinqOrder.

Recently,theTokaiGrOupinthesouthernpartofthe

westcOastofIseBay(Nanse)wassur▽eyedbyMiyamuraetal .

(1981)andWada(1982).Miyamurae『 ヒal.(1981)subdivided

thosesedimentsintotheSaiqyodaniGravel,Kusuharacoal

bearing-'Kam・y・maandS・kuramuraF。rm・ 七i・n・inascendinq・rder
.

一77一



Pre▽iously,acorrelationschemeamonqthesediments

oftheTokaiGroupwaspropOsedby工shidaandYokoyama

(1969).Inthisstudy,theycorrelated『 ヒheTokaiGroup

withtheKobiwakoandOsakaGroups,on七hebasisofthe

cO㎜Oncharacteristic▽olcanicashlayersdistributedthrouqh-

ou・ ヒthOseqrOups.Theyregardedthe▽olcanicashlayerswhich

containabundantpupiceqrainslikeasShinden▽olcanicash

layeroftheOsakaGrOupノ}4ushonovolcanicashlayerofthe

KobiwakoGroup,P㎜ice,AkoqiandOhtanivolcanicashlayers

oftheTokaiGroupasanidenticalvolcanicashlayerandthen

calledthemcollectively閥PumicevOlcanicash!ayer曾 冒.逼ori(1971a),

howe▽er'proposedanotherscheme・HecorrelatedtheTogo▽olcanic

ashlayeroftheYadaqawaFormationinNagoya( .includingmany

pumicegrains),referingtothethicknessandInineralcomposi-

tion,totheOhtavolcanicashlayerin'ヒhenotthernareaof『 ヒhe

Ch土 ーヒaPeninsula(工toiqawa,1971)andtheAkoqi▽Olcanicash

layerOftheNansearea(工tOigawaandM6ri'1971)・Furヒher,

heinsis'ヒedthattheKaregawavolcanicashlayerOftheHokuse

area(Nori,1971b)(P㎜icevolcanicashlayer)issituated

stratigraphicallyhigherthantheAkogivolcanicashlayer.

Makinouchi(1975)alsocorrelatedtheOh七ani▽olcanic

ashlayerinthesouthernpartoftheChitaPeninsula

tOeachof七helrogo,OhtaandAkOqivolcanicashlayers.By

acti▽atiQnanalysisofpumiceqrains,itbecomescleartha七

t二hePumicevolcanicashlayerof『 ヒheHOkuseareaissubstantialy

differentfromtheAkOqivolcanicashlayer,andtha七theOhtani
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volcanicashlayerispossiblycorrelatedwiththeAkoqi

volcanicashlayer(Ikedae七al.,19773YokOyamaetal・'1978)・

Consequently,basedon七hoseresults,thecorrelationofthe

TokaiGrouponbo・ ヒhsidesOf・ ヒheIseBay,(ChitaandNanse

areas)comestObeestablished.Moreover,theBando-lvolcanic

ashlayerinthenorthern工seareacanbecOrrela七edwi『 ヒhthe

Onbegawa▽olcanicashlayerinthesouthern工searea,andthus'

t二hes'ヒratiqraphicalrelataionshipbetween七heHOkuseandNanse

areasisalsoclarifiedasshowninFiq.33.

Then,apartfromthOsetephrOs・ ヒratigraphica工studies,many

dataofpaleomaqnetismandfissiontrackageshavebeen

graduallyaccumulated・OtOfuゴietal・(ユ975)carriedOut

NRNmeasurementsfortheTokaiGroupint二heChitaPeninsula

andreportedthepresenceofreversedpolari『 ヒyofthesequence

betweentheKobaandSakaivolcanicashhOrizonsoftheupPer

half,andnormalpolaritybetween・ ヒheKaminOmaandKofu▽ol-

canicashhOrizOnsofthelowerhalf.ThefissiOntrackages

ofvolcanicashlayersintheTokaiGroupintheChitaPenin-

sulaweremeasuredby}4akinouchietal.(1982).They

area・f・ll・ws・Ohtaniv・lcanicashlayerア4・3m・y・ ノK。sugaya

volcanicashlayerア4.2m.y.,Kalninoma▽OlcanicashlayerF

5・3m・y・ 工naddition,takinqthefissiontrackageofthe

Kamishirakiv・lcanicashlayer(3.6±0.2m .y.)int。

considera・ ヒion,theTokaiGroupOftheChitaPeninsula
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iscOrrelatedwiththedepositsoftheGilbertReversedEpoch

totheEpoch5.Becau$e,asstatedprecedinqly,theAkoqi

volcanicashlayerOfrヒheNanseareacorrespondstotheOhtani

▽OlcanicashlayeroftheChitaPeninsula.

Su㎜arizedabove,thecorrela七iOnchartoftheTokaiGroup

isshowninFiq.33.

ThebasalhOrizonoftheTokaiGroupisdifferent

fromplace七 〇place.AttheChitaPeninsula,itisabout

350mユowerthantheOhtanivOlcanicashlayer(}征akino-

uchi,1975a),at田suarea,itisabOut400mlOwer

thantheAkogivOlcanicashlayer(工toigawaandMOri,『

1971),atKameyamaarea,itisabout350mlOwgrthan`ヒhe

Akoqi▽olcanicashlayer(Miyamuraetal・,1981),and■nNagoya'

itisabOutlOOmlOwer七hantheToqOvolcanicashlayer(Mori,

1971a).工tisevidentthatthebasalhorizonisrelative-

lyhigherinthenorthernareathaninthesouthern

area.It二follOwsthatthesedimentarybasinOfLake

TOkaiintheChitaPeninsulainitiatedabou七6.0皿.y.

B.P.工nconnectiOnwiththis,intheNagoyaand

Chitaareas,astheupperlimitOftheTOkaiGrOupis

definedatthehOrizonofabout250mhiσherthanthe /
Ohtani(〔Pogo)volcanicashlayer,thedepositiOnterminated

at3-3.5m。y.B.P.

Ontheotherhand,thedepositionof'ヒheTokai

GroupintheHokuseareaisinitiatedabout3.Om.y.B.P.

Thishorizoniscorrela七edwiththemiddユeKa皿eVama
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Forma七iOnintheKameyamaarea.・FurthermOre,thedepositiOnal

ageoftheupper皿ostTokaiGroupintheHOkuseareais

abou・ ヒ1.2m.y.B.P.

T。 。。nclude,thesedimentaryba・inQfL・k・T・kaiwa・

firstformedatt二heareaoft二heChitaPeninsulainthe

southeas'ヒandNanseof¶ ヒhewest,andsuccessivelyexpanded『 ヒO

then。rthernarea.C・nsequen七ly,thecenter・fthebasin

migrat・dt・th・H。ku・eareaatth・tim・ ・f3・Om・y・B・P・

AccOrdingly,itiscon▽enienttosubdividethegeohistoryof

thesedimentarybasinintotwOstagesアS9ヒaqeIandStage工1'

withtheboundaryatabout3.Om。y.B.P.(Table5)・

B.SED工NENTARYENV工RONNENTSOFTHETOKAIGROUP

AsmentionedbefOre,theqeOhist二 〇ryofthesedimentary

basinofLakeTokaicanbedividedintotwostaqes,Stage工

arldStageI工.工nthissection,thesedimentoユOqical

discussionOnthOsedeposits(distributiOn,li'ヒhology,

composit二ionofgravelsandpaleocurrent)areintended・

a.StaqeI.

ThesedimentsofS'ヒaqe工arewidelydistributedinthe

southern工searea,intheChitaPeninsulaand工nthearea

arOundNagoyaCity.TheyarerepresentedbytheSaigyodani

qravelFormation,Kusuharacoal-bearingFormationandthelower

KameyamaFOrmation(al『 ヒernatingbedsofsandandmud)ofthe
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Nanseareaア ・ヒheToyOokaFormation(gravels),theI～ouwaForlna-

tion(alternatingbedsofsandandmudwithlignites)andthe

FuttoFormation(alternatinqbedsofsandandmud)oftheChita

Peninsula,andtheMizunoMember(qravels,orsandsandgravels)∫

theTakahari延ember(irregularalternatingbedsoflig『nite,

clay,andgravel)and七heエdakaMember(alterna七ingbedsof

gra▽el,sandandsilt)oftheNagoyaarea.

A・thel。werm。 ・th・ri・ ・n・fthis』stag・,theSaiqy・d・ni

andTQyoOkaFormationsaretypica工lyenumarated。TheSaigyOdani

qravelFormationofsouthwestcOastof工seBayiscomposed

mainlyofthickqravelbedwithpebbletocObblegravels.The

gravelbediscomposedmainlyofchert,shale,sandstoneand

hornfelsgravelsalongwiththeすravelsof"quartzporphyry"

andgran1¶ ヒe.FrOmt二hecOmpositiOnalanalysis,twotypesof

qra▽elfaciesarerecOqnized。Oneistheqra▽elscOntaininq

qraniteandsandstOnederivedfrOmthene土ghbOuringNiOcene

SuzukaGrOup.TheotherischaracterizedincOntainingmainly

qra▽elsof"quart二zporphyry"transportedfromdistan七aエea・

This「1quartzporphyry"iscompOsedofryoli'ヒicweldedtuff。

Thesedimen七aryenvironmentof'ヒheSaigyodaniFormation

wasthemixtureofalluvialfanandfluvialenvironments

whichincludesdrainaqeareaofrhyoliticweldedtuff.

TheToyookaFormationof'しheChitaPeninsulais

alsocomposedofthickgravels,theflu▽ialoriqin.

Gravelbedcontainschert,Paleozoicsandstone,sand一
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stoneofthe丑4iocene珂orOzakiGroupandcrystalline

schist.ThesizeOfqraveldecreaseswestwardand'atthewest

cOast二 〇ftheChitaPeninsula,thisformat二ionbecomestObe

cOmposedofsandsandqravels,ormediumtocoarsesandswith

qravels.Lateral▽ariationofgravelcOmposition、isnotdetected'

but,crosslaminationswhichindicatepaleocurren七from

easttowestaredevelopedwithinthesediments(Maki-

nouchi,1975a).Conclusively,itisassumedthattheToyoOka

Formationwasdepositedunderflu▽ialenvironmenヒinwhich

gravelsweresupPliedfromeastincludnigdrainaqeareaof

crystallineschist.

AfterthedepOsitionofthatqra▽els,theKouwaFOrmation

andtheKusuharacOal-bearingFormationweredepositedinthe

ChitaPeninsulaandtheNansearearespecti▽ely.TheKouwa

FormatiOniscOmposedofirregularalt二ernatinqbedsofsand

andmudwithliqni七ebeds.At七heeastcOastOfthePeninsula

sandlayersaredominant,whileatthewestcOast甲udlayers

aredominant.Paleocurrentdirectionsindicatethatthesedi-

mentsweヱesuppliedfromeast.Liqnitebedsarede▽elOpedin

thosesediments.田heseevidencesshowthat・ ヒheKouwaFOrmation

wasdepositedundershallowlacustrineconditions.TheKusuhara

coal-bearingForma七ionconsistsalsoofalternatingbedsofmud

andsand'accompaniedwithlargeamountofliqnitebeds .In

theareaaroundIくameyama,itcontainsqravelbeds
,andisthinninq

downnort二hward(Fiq・34)・FrOmthosesediments,freshwater
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molluscsoccur,andlignitebedsarede▽elOpedinthem・

工tshouldbenO・ ヒedthatsedimen七sinKameyamaareaarecoa「se「

thanthatinTsuaエea.TherefOre,七heKusuharacoal-bearing

Formationdepositedundershallowlacustrineen▽ironment,

but二 〇ccasionallytheareaaroundKameyamaturnedto

alluvialplain.

Subsequently,theFutt・F・rmati・nwasdep・sitedintheChita

Peninsula,andalsOtheupperpartOftheKusuharaFormat■onwar

depositedint二heNanseareasimu工taneously・FurthermOre'north-

wardexpansiOnofthesedimentarybasinbrouqhtaboutthedeposi一

七ionoftheYadagawaFormationintheNagoyaarea・TheFuttoFor-

mationiscomposedofalternatinqbedsofsandandmudcontaininq

liqnitebedsw土thcOarsematerialsatitsbasa!part.

TheFuttOFOrmatiOnwasdepositedundershallOwlacust「 ■ne

environment.PaleOcurrentdirectiondeducedfrOmcross

laminationsisfrOrnnorthtosouth.TheYadagawaFOrmat■On

containslarqeamountofgravels,suggestinqthemtobe

allu▽ialfanorpユain.IntheNansearea,afterthe

depositionoftheKusuharacOal-bearingFOrmatiOn,thelOwer

partOftheKameyamaFormatiOn,whichiscOmposedOfalternating

bedsofsandandmud,wasdepositedunderlacust二rineenvirOnment.

b.Stage工 工.

ThesedimentarysuitsassignedtoStage工 工aredistri_

butedexclusivelyonthewestcoastofIseBay
,andmair!lyin

theHokusearea・Therefore'atfirst,lithologyandsediment二 〇-

loqyofthosesediment二sintheHokuseareawillbementioned
,and
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inthesecond,thosearoundKameyamaareawillbesta● ヒed.

BirOkuFlormationislocallydistributedin'ヒhe

foothillsOftheYoroandSuzukar斑ountains.工tiscOmpOsed

・fp・bbl・t。 ・。bbl・grav・1・with・mall・m・un七 ・fb・ulderqravels'

andisc。mp。seda㎞ ・・セentirely・f・and・t・nederi▽ ・df・ ・mth・

basementoftheMesozoicandPaleozoicrocks.Theyare

allu▽ialfandeposits・

KOnoFOrmationisdistributedfromInabetoKuwana

area.Thelowerpartofitis℃ompOsedOfalternating

bedsOfsandarldmudwithlargeamountoflignitebeds(Table6),

suqgesセingt二haヒthisfOrlnationwasdepositedundershallow

lacustrineenvirOnments.Inthesediments,theamountofsandlayer

increasestOtheupper,whilethatOflignitedecreasesv■ce

versa.

IchinoharaFOrmationhastwOsedimentaryfacies.

Oneischarac七eristicallyhasalternatingbedsofgravels

andmud(工nabefacies).Theot二her(Kuwanafacies)ischara-

cterizedbythepresenceofalternatinqbedsOfsandandmud.

TheformeristhesedimentsdepositedunderalluvialplaintO

lacustrineenvironments.Theamoun七 〇fqra▽elinthesediments

decreasesgraduallyfrOmnorthwesttosOutheast(Fiq.35,Table

7).Thethicknessofeachsedimentarycycleofgravelandmud

decreasessoutheastward,laterally,andit二decreasesupward

vertically.TheqravelsarecOmposedofchert,sandsー ヒOneand
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Table6. Lithologicproportions

KOnoFormat■on.

ofsedimentsofthe

Locality area
sand&s

andalt.mudqravelS
qravelS

AkechiR. A
一 一15 .5-84。6

工chinohara A 一 一2 D542.655.0

E.工chinOhara A 一 一12 .524.163.4

Hiqashidani A 一 一12 .130.957.0

KonOMinamidani A 一 一19 .Ol2●468.6

KonONinamidani A 一 一18 .329.470。6

KonOr4inamidani A 一 一32 .43.464.2

TashidaR. C 一 一15 。810.573.7
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Table7. LithQlOqicproportions

工chinoharaFormaセion.

ofsedimentsofthe

Locality area
Sand&

sandalt.mudqravelS
gravelS

TashidaR. C 66.54.33.84.720.6

Seゴihara B 35,ll7,915。52,529.0

Nishikoyamadani A 57.7-5.14,632.6

Hiqashikoyamadani A 53.7-8.94,433.0

YamadaR. A 45.57.94.514.028.1

RenqedaniR. A 30.52.47.36.753.1

AkechiR. A 37.18。85.98.340.0

噛
Togam■R. A 24,213,ll7,717,727.4

KOnoMinamidani A 40.08.lll.65.629.2

KOnQMinamidani A 27,ll7,222,915,317.2

KOnoMinamidani A 16.6-22●6-60・9

一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一}一 一 一 一 一 一 一 一 一 一 『 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一____躰___

Okushinden D 一4 .527.7-67.8

Nukata D 一12
.028.821.737.5

Kaki E 一5 .133.35.256.5
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shalegravelsoriqinatedfromtheNesozoicandPaleozoicrocks

(Fiq.36andTable8).TheKuwanafaciesofthe工chino-

haraFOrlnation,alternatingbedsofsandandmudisthe

sedilnentsunderlacustrineenviron皿ents.

KuragariFormationisdistributedinthearea

fromKuwanatoHirako,andiscOmposedofpebbletO

cobblesizeandsubroundtosubangularqravelswith

sandymatrix,Crosslaminationsaredevelopedinthe

sandypart,andsmallamountsofmudlayersareintercala'ヒed・

Therefore,thesedimentsweredepOsitedunderalluvial

plainenviro㎜ents.Thea皿ountofgravelsinthesediments

isthehighestintheKuwanaarea,anddecreasesboth

southwardandwestward(Table9).Theqravelsconsistof

chert,sandstoneandロquartzpOrphyryI1,thelastone

generallyrepresentedbyrhyoliticweldedtuffof

Nesozoicvolcanics,whicharedistributeda『 ヒaneastern

areaofthesedimen七arybasin(短ohiaヱea)(Fiq。37).

ThecヱOsslaminationssuqgestthepaleocurrentdirect二iOn

fromNEtoSτ ▽(Fiq.38,TablelOandll).旦

AsfortheOizumiFormation,fourli七hofacies

arerecoqnized.[Pheyarealternatinqbedsofgravel

andmudfacies(Tarafacies),al七ernatinqbedsofsarldand

mudfacies,sandyal七ernatingbedsofsandandmudfacies,

andsandsandqravels.ThefirstoneisdistributedarOundthe'
Taraarea,theamountofqravelsin・ ヒhesedimentsdecreases
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Table8. C。mp。sitionofgravels・

工《)cality Area
,

Horユzon ChSSShHoGre. Gr ΩP Sch

巳.
Sa■gyOdanユ (G)

,
SaiqyodanエF。 21.Ol5.06.09.50.0' 8.0 40.5 0.0

Minamihata (G)
.

Saigyodan■F。 20ウ518。06.OlO.50.0 工4.0 31.5 31.0

Biroku (A) BirokuF. 5.095.0-一 一
一 一 一

Koharaisshiki (A) 3.095.0-2.0一 一 一 一

Kitanakatsuhara (A)
一100-一 一 一 一 一

Seゴihara (B) IchinOharaF. 37.043.56.02.Ol曙0 3.5 7.G 一

Kawahara (A) 58.533の54◎Ol.Ol.0 0.5 1.5 一

Shiosaki (A) 63,529.04.5-1.0 一 2.0 一

c
N■nose (A) 57,537.Ol.0-2.5 『 2.0

Hiqashikoyamadani (A) 62●832.Ol.7-0.6 0.6 2.3 一

●
Tsuzum■ (A) 34,950.74.9-3.4 4.8 1.4 一

工chinohara (A) 58.831.41。1-一 2.7 6.0 一

.
Kuraqar■ (A)

O
Kuraqar■F・ 66.612.9-一 一

一 20.5 一

Nishikuwanan.P. (A) 52.513●51.5ユ.0一 一 31.5
…

一

Nishikuwanan,P. (A) 64.716.70「.5-一 0.5 17.6 一

Nishikuwanan.P. (A) 53.612.9-一 一
一 33.5 一

・
Nishエkuwarユan.P. (A) 59.29.9-一 一 0.5 30.4 一

Kareqawa (A) 69.54.4-一 一 0.5 25.6「 一

Chikarao (A) 63.316.1-一 一 1.1 19.5 一

Tado (D) 56.56.00.5-一 1.5 35.5 一

・
M■zono (D) 58.710.93.6-一 4.0 22.7 一

.
N■zono (D) 60.lll。72.5-一 一 25.7 一

・
M■zono (D) 63.516.30●8-一 0.4 19.0 一

Shimonoshiro (D) 61,311.72.4-0.4 一 24.2 一

Okushinden (D) 58.05.5-065一 一 36.0 一

Toki (B)
.■

O■zum■F. 33.042.08.52.54.0 4.5 5.5

.

一

Aqata (E) 59.59.82.6一 マ
一 28.1 一

o
Tomar■ (F) 41.05!胃0-.一 一, 3.5 L5 3.0

Nishihino (F) 40.052.0-一 一
噸

一 一 8.0

Nishiyama (B) KomenoF. 52.038.03.03.0一 4.0 一 一

Komeno (B) 56.032.07.52.5一 1.0 1.0 一

一94.一 ・



Table9. LithologicproportiQnsof

KuraganFOrmatエon・

sedimentsofthe

Locality area
sand&

sandalt.mudgravelS
gravel

●
Kuragar■ A 60,212,Ql2.8-14.9

Mizono D 59.35,214.5-21.0

Okushinden D 64・07●911●1-16●9

Nukata D 66,210.66.6-16.6

Kaki(W) E 50.220●84.39●914.9

Kaki(E) E 36,Ol9,418.2-26.3

Oyachi E 27.Ol8.08.73.542.8
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丁副blelO. Paleocurrentdエrect■on

InabeandKuwanaarea.

deducedfromcrOsslaminationsin

Locali七y Hor■zon Mean

direc・ ヒionof

paleOcurrent

ConsistencyNu皿berAverage

raー ヒiondip

Kuraqari(N)

Kuragari(N)

Kuragari(N)

Kuraqarエ(N)

Kuragari(E)

Kuragar■(E)

Kuragari(E)

Kuragar⊥CE)

Kareqawa(W)

Karegawa(W)

Karegawa(W)

M■zono(S)

M■zono(S)

M■zono(S)

Nizono( .S)

Mizono(S)

Mizono(S)

Okushinden(S)

Okushinden(S)

Okushinden(S)

Okushinden(S)

Okushinden(S)

Okushinden(.S)

Okushinden(S)

コ
Kuragar■F・ 8

6

5

0

3

1

0

3

1

8

5

8

3

0

・
9

0

3

6

8

8

0

5

6

2

9

8

0

1

1

4

0

5

7

2

5

5

1

2

9

8

4

0

6

0

8

8

0

1

1

2

2

2

2

2

2

2

2

2

2

2

2

1

1

2

2

1

2

1

1

2

2

99.9

99.8

99.7

99.7

99.5

99.1

99.7

99.5

99.8

99.9

99.6

99.6

99.6

99.5

99.7

99.6

98.9

99.9

99.9

99.7

99.8

99.8

99.8

3

5

4

0

0

6

3

8

5

2

1

5

5

1

8

1

0

5

3

5

6

0

0

0

工

l

l

l

l

l

l

l

3

6

3

1

5

0

7

9

2

5

0

6

1

8

3

5

0

2

4

8

9

5

7

0

●

●

●

■

●

・

・

●

・

・

O

・

・

■

●

●

●

■

畠

●

O

・

O

■

3

4

7

5

1

2

3

3

8

6

8

9

8

5

1

6

7

1

2

0

6

6

5

9

2

2

3

2

3

3

2

3

2

1

1

1

2

3

3

3

3

3

3

3

3

3

3

3

工chinohara(S)

Kuraqari(N)

Kuragar⊥(N)

Kuraqari(N)

Chikarao(E)

D4izonO(S)

oizumiF. 212

183

248

218

212

280

98.9

98.5

99.3

99.6

98.4

99.8

9

「1

r
◎

ロ
J

Q
ノ

ロ
J

34.7

29.4

31.5

27.6

28.2

33.3

Paleocurrentdirection,tha・ ヒis,vectormeansare

anticlockwiseanqlefromeastdirectlon.

representedby
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Tablell.

レ
PaleocurrentdirectiOndeducedfrOmcross

intheKakiarea.

laminarヒions

玉ocality Hor■zOn Mean

directionof

paleocurren七

Consi七encyNumberAverage

ratiodip

Akao

Akao

工saka

工saka

工saka

Isaka

Isaka

(S)

(S)

(N)

(N)

(N)

(N)

(N)

Yamamura

Yamamura

Kuragar■F・ 246

204

323

185

152

181

272

229

250

99.1

99.0

99.7

99.3

99.9

99。2

99.7

99.6

99.6

8

9

3

0

5

7

3

8

5

1

24.0

25.3

26.8

25.9

26.8

23.9

21.4

38.7

37.6

Shimada

Shimada

Shinden(S)

Shinden(S)

Shinden(S)

Shinden(S)

工sakadam( .N)

工sakadam(N)

　 コ
O■zum■F。 216

174

256

186

255

232

258

251

99.8

99.8

99.5

99.6

99.2

99.9

99.8

99.6

5

0

5

5

6

2

5

7

1

39.0

28.9

27.8

39.0

22.3

20.5

26.7

21.8

Paleocurrentdirection,thatis,vectormeansare

anticlockwiseanqlefrolneastdエrectユOn。

representedby
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southward(Tablel2) .GravelsareInainlycomposed

ofchert,sandstone,andshalefro皿thgbasementsoftheMeso-

zoicandPaleozOicτocks(Fig.36andTable8).Therefore,

thesedimentsofthisfaciesweredepositedunder

alluvialplainenvironmentswithso皿elacustrineepisodes・

Thesecondfaciesofalterna・ ヒ」.ngbedsofsandandmudisdis-

tribu・ ヒedfromInabetoKuwanaarea。Theoccurrenceoffossil

diatomsandmolluscssuggestthatthisfacieswasdeposited

understablelacustrineenvironmen七.The『 ヒhirdfaciesofsandy

alt二ernatingbedsOfsandandmudisdis七ributedaround'ヒheKaki

andOyachiareas.Crosslaminationssuqgestt二hat

paleocurrentdirectionisfromNEtoSW(Tablesl3

andl4).ThisfaciesisthedepOsi・ ヒsalonqcoastal

areaof七helake.Theqra▽elsarecomposedofcher'ヒ,sandstone,

andllquar・ ヒzpOrphyry騨 冒(Table8).Thelastfaciesofsandsand

gravelsisdevelOpedonlyattheeasternendOfhillstothe

westOfYokkaichi.Thecor馳positiOnofgravelsischaracterized

bythepresenceofcrystallineschist(Table8).

KomenoFormationisdistribut二edinthearea

tothenorthofInabe,andiscompOsedalmos`ヒentirely

ofgravels.Thissedimentaryfaciesrepresentsalluvial

fan.TheamOuntofgrravelsinthesedimen七sdecreases

nOrヒhward(Tablel2),andaccOrdingtoYOkOyama(1969),the

paleocurrentdirectionisfromsouthtonorth(Fiq.39).The

compositionofqravelsisdominatedbychertandsandstOne.
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Tablel2. Lithologicproport工onsofsediments

OizumiandKomenOFormations.

oft二he

Locality area

sand&

grav・1・q。av。lsand・1七 ・mud

■
Kar■yaqawa B 68.6-4.31 ,325.8

Sushirodani B 29,914,611.9-43 .6

Uchiage B 15,219.512●14,948 .4

Hiqashidani B 5,829,lll ,31!,242.5

Kanae B 一5
.639,77.946。9

Komeno A 一 .6.843.313 .136.8

TashidaR. C
.

6●92,917,614 ,158.5

NishikOyamadani A 1・5-25 ,137,036.5

Higashikoyamadani A 一2
.313.421.862.6

AkechiR. A 一 一3
.834.062.3

・
Kuraqar■ A 一2

・432.gl6.248 .6

Kareqawa A 2・21,437。87 ,850.7

Nukata D 一 一lC
.710.778 .7

一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 噌 一 _一_____一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 『 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一

Kaki(W) E 劇42
・9-6 .250.9

Kaki(E) E 5。324●626
.0-44.1

■
He■zu E 12・815・17.57 .756・9

Osawadai E 一30
。94

。39.055.8

Aqata E 一51
●gl3

.410。524.1

Kawashima F 一7
・230

.527.435.0露
Tomar工 F

'19
・441・83

.2-35.5

■ocality
ノ

area qrav・ ・ 譜
。lsand・'・ ・mud

Nishiyama

Komeno

一

B

B

100_一 一 一

75.2_-6.ll8.7
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'T
ablel3. Paleocurren七directiondeduced

Oyachiarea.

frOmcrosslaminationsin

Locality Hor■zon 皿ean

direc'ヒiOnOf

paleocurrent

Consis七encyNumberAverage

ra¶ ヒiodip

Aqa`ヒa

Agata

Agata

Aga七a

Aga『 ヒa

Agata

Agata

Aqata

Aga七a

Agata

Agata

Yamanoisshiki

Yamanoisshiki

YamanOisshiki

Akat二sukidai

Akatsukidai

Akatsukidai

Akatsukidai

Akatsuk].da■

Oyachi(.S)

Oyachi(S)

工karuga

工karuqa

工karuga

Tarusaka

Tarusaka(N)

Tarusaka(N)

Tarusaka(N)

Ni七achi

Mitachi

O■zum■F. 3

9

6

0

8

4

6

8

5

2

6

8

4

5

7

8

1

4

1

4

8

7

5

0

5

0

6

4

3

6

5

9

3

8

4

7

6

7

6

6

0

2

8

8

8

6

8

5

7

7

1

8

7

8

6

5

8

0

3

8

1

2

2

2

1

1

1

1

2

2

1

1

1

1

1

1

1

2

2

1

1

2

1

2

1

2

2

0

8

8

5

6

8

8

6

8

3

9

7

8

9

8

9

4

9

6

3

7

8

8

4

2

4

3

8

5

8

・

.

●

●

O

O

・

・

O

o

●

・

・

●

●

●

・

・

●

●

●

.

・

・

O

●

o

O

●

●

9

9

9

9

9

9

9

9

9

8

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

5

5

6

5

5

5

7

6

5

6

5

8

7

6

5

3

4

4

8

0

0

5

5

5

5

0

5

6

4

5

1

1

1

2

3

8

6

3

8

7

4

3

8

5

7

0

3

2

7

0

0

8

1

3

1

8

7

9

7

0

5

8

4

●

。

.

・

・

●

・

.

・

D

.

・

.

.

O

・

●

。

○

●

・

。

・

・

●

・

●

.

●

0

4

0

3

3

4

0

!

1

5

7

4

4

8

7

2

1

3

1

4

0

4

5

5

4

2

6

6

7

8

7

3

3

3

2

2

3

3

2

2

2

2

3

3

3

2

3

2

3

3

3

3

1

2

3

2

2

2

2

2

2

Paleocurrentdirection,thatis,▽ec'ヒormeans

an・ ヒiclockwiseanqlefromeas・ ヒdirection.

'

arerepresentedby
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Tablel4. Paleocurren七directiOndeduced

YokkaichiandKameyamaareas.

fromcrOsslaminatiOnsinthe

Locality Hor■zon Mean

direct工onof

paleocurrent

ConsistencyNumberA▽erage

ratiodip

KomOno(E)

KomOnO(E)

KOmono(E)

Sakura(W)

Sakura(W)

Sakuradai

Sakuradai

Kawashima(S)

Aobacho

AObacho

Nishihino

Hagicho(W)

Sasagawacho(S)

Sasagawacho(S)

Sasaqawacho(S)

O■zum■F. 4

7

8

3

1

9

6

0

3

3

5

7

4

7

5

2

7

9

4

2

6

7

2

9

7

9

3

5

2

6

2

1

2

1

1

1

1

1

1

1

1

2

2

99.8

99.8

99.9

97.6

99。8

99.8

99.5

99.4

99.6

98.8

99.4

99.9

99.8

99.1

99.7

5

5

2

5

5

8

4

6

5

5

4

3

5

2

3

33.2

28.8

46.5

28.4

22.6

27.6

24.5

26.1

31.5

30.4

31.0

26.4

30.1

20.6

28.1

Nishishonai

工wahara

KameyamaF. 353

72

99.6

99.6

5

15

24.8

18。1

Paleocurrentdirection,・ ヒhatis
,vectormeansare

ant■clOckwiseanglefromeastdirectiOn
.

representedby
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Thesedimen・ ヒsassignedtoStaqe工IaroundKameyama

■srepresentedbytheupPerandmiddleIくameyamaFormatiOnsand

alsobytheSakuramuraFormation.工ntheIniddleKameyamaForma一

七ion,thebasalpartcOntainssandandqra▽ellayers,butis

composedmostlyofalternatingbedsofmudandsand・1¶ ヒis

lacustrinedeposits.CrosslalninatiOnssuqges'ヒthat

paleocurrentdirectionisfromSW'ヒoNE(YokOyama,

1969).TheupPerKameyamaFormationiscomposedof

alternatingbedsofsandand皿ud,andissilnilardepo-

si'ヒionalenvirOn皿enttothatoftheunderlyingrIniddle

KameyamaFormation.TheSakuramuraFormationisdis-

tributedinthearea七 〇thenorthOfIくameyamaCity.

Asエt■scomposedofalternatinqbedsOfqravel,mud

andsandwithlargeamountOfliqnitebeds
,then,it

isshallowlacustrinedeposits.

C.PA]」EOGEOGRAPHYOFTHESEDn4ENTARYBAS工NOFLAKETOKAI＼
工nthissec七ion,paleoqeoqraphyof■akeTokaiattwo

stagesヲStage工andStageIIwillbediscussed.

a.StaqeI(ca6.Om.y.tO3。Om。y.〉

工n七heearlyStaqe工,analluvialplainenviron_

mentswasdominatedintheareaaroundChitaPeninsula

andtheNansearea,inwhichgravellysedimentswere

一105一



d・p。 ・i七・dthere・ 迂 ・th・Nan・ea・ea'theseqra▽ ・1・were・upPl手 ・d

frolnwest,whilefromeastintheChitaPeninsula.

Thegravelsdepositedin七heNanseareacOntainsrhyOlitic

weldedtuffOriginatedfrolntheKotORhyOlitearea

(Wada,1982),anditisinferredthatthewatercourseofthOse

days,t二heKoto-Kameyamawa・ ヒercourseofKuwahara(1971)〆'

ranfromtheKotoareato七heKalneyamaarea(Fig.40-a).

Ontheotherhand,thepresenceofgra▽elsoriginated

fromgranit二eandMiocenesandstoneoftheSuzukaMountains

sugqestthatthisarea'wasnotindepositiOnalcOndi-

'ヒiOn
.TheqravelsdepOsitedin・ ヒheChi七aPeninsulacontain

crystallineschistderi▽edwithoutdoubtfrOmヒheSambagawa

beltnearby,suqqestingthewatercoursefromsout二heast

tOnOrthwest.

Succedinqly,alargewaterbOdyofLakeTokaiappeared

intheareaextendingfromtheNanseareatothepresen'ヒChita

Peninsula.ThislakewastheellipsoidalinshapewithE-W

e].ongation,andinChitaPeninsula,cOarsematerials

weresuppliedfromeast.Afterthen,northwarddevelop-

mentofthesedimentarybasintookplaceinandan

allu▽ialplainwi¶ ヒhgravellysedimentsappearedinthearea

aroundNaqoya.NoreOver,七helakecontinuedin七hesouthern

area,wherealternatingbedsofmudandsandweredeposi七ed

(Fiq.40-b).InChi'ヒaPeninsulaarea,coarseInaterials

weresuppliedfromnorth.
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b・Stage工 工(ca3 .Om.y.tQl.2m.y.)

Northwes・ ヒerymigrationofthesedimentarybasinof

LakeToka土underwen'ヒca3.Om.y.B.P.Sincethat

t■me,newsed■mentarybasinofLakeTOkaiexisted

mainlyintheHokuseareaandIseBayarea(Fig .41).

工n七hissectiOn,七ransitionOfLakeTokaiduringtheStage工 工

willbedescrlbedwitheachtimein・ ヒerval( .substaqe)defined

byfourvolcanicashlayers(工chinohara ,Bando-1,

Bando-2andPumicevolcanicashlayers).Rela七iOnshipbet二ween

theli七holOgyandthosedatumplanesisshOwninFiq.42.

i)・subs七agebelowthe工chinoharavOlcanicashlayer

Thedis'ヒribuヒiOnof七hesedimentsinthissubs七aqeis

knOwnfrOmthefoOthillsoftheYoro}10untains・ ヒonorthof

Iくameyama,whicharerepresen七edbygra▽elsof『 ヒheBirokuFOrma一

七ion,alternatinqbedsoftheKonoFOrmation,andalternat⊥ng

bedsofsandandmudofthemiddleKameyamaFormation.工nthe

northernpartofthesedimentarybasin,allu▽ialfanswere

de▽elOpedlocallyatthefoothillareasofthepresentYoro

andSuzukaMount二ainswhichwereyetinlow-relieftopography,

butthesupplyofcoarsema七erialswas▽eryrareexceptfOr

thegravelsofalluvialfans.工n工nabeanditssQu・ ヒhern

area'shaエ1・wlacustrinesedimentswerewidelydevel。ped

(Fig.40-c)。Inthesouthernmostpartofthesedi。

mentarybasir1,coarsematerialsweresupPliedfromtheSuzuka

Mountainareaasaresultofupheavingofthesouthernarea.

一108一



5 H O り 1

鰍
除
・最
レ
謎

N
繋

『 …
・一
.一
}、

駅
慧
窟
嘉
雛

＼

幽
鱗
購
磁
膨
縫
1馨

鮫

＼

＼
∴
＼
＼

Fi
g.
41
。

Ge
ne
ra
li
ze
dq
eO
lO
gi
cp
ro
fi
le
Of
th
eT
ok
ai
Gr
ou
pO
nt
he
we
st
co
as
tO
fI
se
Ba
y.

(S
q:
Sa
ig
yo
da
ni
F.
,K
s:
Ku
su
ha
ra
F.
,L
.1
く
m:
LO
we
rK
am
ey
am
aF
.,
Kn
;K
on
O

F。
,L
.工
c:
Lo
we
r工
ch
in
oh
ar
aF
.,
Kr
:K
ur
ag
ar
iF
.,
Oz
:O
iz
u皿
iF
.,
Km
:

KO
me
no
F.
,A
q:
Ak
og
iv
Ol
ca
ni
ca
sh
la
ye
r,
工
c=
工
ch
in
oh
ar
av
ol
ca
ni
ca
sh
la
ye
r

Pu
:P
um
ic
ev
ol
ca
ni
ca
sh
la
ye
r)



1 ] . ] . O 1

1
o膚
o_
9
へ
む

;.
Oo
o

2
『
Oo
oo
ob
'

_
06
00

0 0

0 0

3

曹 。 ・ 　 肛 盈 続 。

δ

・

。 0 0 0

。 δ

Oo

oo

人
ロ

G。
δ

rρ
Oo
o QO

o

鴨

; で 計 O δ 似 診 。

Q

亀
3。
。
二
宅
。
ζ
・

ニ
ミ
'士

…
='
''
''
"

oo
9・

・
r

oq

A
'

o♂
)f
g
_2
」

_}
'

oO
OO
Oo

-b
o一
モ
》
そ
)、
oO
o『
6

0_
o馬
o喝
P-
_

OO
Oo
oo
O鼻

一
〇
一

グ
1イ
/

.諺
/'
ジ
,

//
/!

.・
壽
』
'z

TA
随

〃

9、
'

./
o 易
』獲
.髪
製

・髪
難
嚢
'

「
u、
'

・
首
・
∴
網
・
「
・
・
1・
ll
:・

・
..
・
年
_

・
⊃
撹

尾
・
『
.,
.・

・

の
鳥
ハ
,.
'.
'・

・
属
r^
㌦

・
」
5・
.:
・

,・

・
鴫
π
躍
隔
・
":
嘆
1'
・
_,

竃
4

國
露
'・
"・
層

.^
『

・
陶
・
墨

「
1・
・
62
・

凋
貞

置

O O

6

「 9 「 。 ゼ 。 ザ 。 ・ ㌘ 。

O O

. ㈹
. 。 。 。

ら 。 . 。

い 。 / ＼

雪
』
。
。

4

oδ 壽 霧

o

oo
の
oo

一
〇
δ

oo Oρ
、

b 「 . 。 「 ㏄ o . 。 。

5

.〃
≒
≒
≒
≒
≒
≡
.

P 「 ・ ・ ■ ・ " 」

( 「
. 、 .

o
_g
o三

三
・
ギ
.・

o(
)「
』
(》
一
・
0

_、
一
..
..

OO
o●
',
o

「
,'
'巳
r

OO
o-
oo
o

の
の
　
ロ
キ

oo
_ρ
oo -一

一

〇

一
8=
.

ρ . 0 . b

. ■ 幣 。 、 ぞ 。

6
7

8
'

..
」

■ .
呂

.
マ

ニ

. .

喝
・

O

9

=
9

・

`

・
嵩 ・

9

・
o・

.

亀
'醒
9

・
.

サ
ロ
コ
ロ

ド
◎
.・
』
・
o"

o■
.噺
6.

'o
.・
■
'

■
Q

■
"

亀

'o
の

.
,.
.

6ρ
.'
.∵

.
●

噛 ●
一

.

の

飼 . . 一

の . .
・.

魅

Σ

}

一
,

. ● ■

噂
◎ , , ■

o , 0 」
. .

・ ? .

' O

? . F ∴.

. , ∵ . ●

. 9 0

噺 .

b . ■ . 璽 ● . ・ 0 .

毅
豊 :
聾 …

9 9
一 .

9 0

9

」

・
■

鴨
ρ
-
【

「 こ

8

。 三 「
二
δ

一
〇
璽
'ム

・
'O
-'
…
∠
・
≒

…
五
三
・
…
・

一
一
一
一

`

9, .●
.

コ
●
・

.再 鳶 7
塁
] . ● :

コ.
一

〇
〇

■ 解 . . . ・ h 臥 鴻

　 　 ロ

　 . 既 宏

.
・ 9 . ・

O 。 ・ .

.
; ～ .

, . . ● , .

・ . ∴ , . 甲 . . 尋
ρ 曽

■

b・

. ・

■

9 ・ ● ・

',
■

マ
・
■
「

'■
一

:㌦
二
..
・
.・

・

.'
9:
f㍉
5-
.一
"噛

喝
凸
髄
,

ρ
.・
∫

画
し

'國
'P
Uき
11
CE
▽

.ゑ
.

,B
AN
DO
-2
V。
A.
'

,q

.¶
..
C9

"工
CH
工
NO
HA
RA
V

.A
.

BA
ND
O一

ユ
V
.A
.

)

LE
GE
ND

KU
WA
闘
A

～

つ
凸

し
..
¶

_7
.「
k、

マ

§奮
㍗

　
　
ぬ
ニ
.'
ご
∠

. 、
・
1

}ラ
ノ

YO
KK
AI
CH
l

>7
暫

/ド

..
つ

/ 0 」

. ・. 管

[]
㎜
皿
・騰
π
・・

[]
一

・腰
・・
n・

一
㎜
[G
1靭
P

奪
灘
渓
N"
・
-C
H工
GU
SA
FO
剛
A皿
QN

'♂
.・
.C
RE
距
OU
SG
Rλ
N工

「㎎

Fi
q.
42
.

四
ME
SO
ZO
IC
-P
AI
疎
)Z
O工
C

Fて
)R
Nへ
T工
ON

に 」 邑

1ρ
k
m

サ ロ ロ コ コ 　 　 ロ

A B C D E=

　 の サ コ

F G

■ 贋 . ・ . 曾 O 願

H 工 J K

Me
SO
ZO
iC
-P
al
eQ
ZO
iC
fO
rm
at
iO
n

qr
av
el
so
ft
he
Bi
ro
ku
Fo
rm
at
io
n

al
te
rn
at
in
gb
ed
so
fm
ud
an
ds
an
do
ft
he
Iく
on
oF
or
ma
ti
on

al
te
rn
at
in
gb
ed
so
fq
ra
ve
la
nd
mu
do
ft
he
Ic
hi
no
ha
ra
Fo
rm
at
io
n

(l
na
be
fa
ci
es
)

al
te
rn
at
in
gb
ed
so
fs
an
da
nd
mu
do
ft
he
Ic
hi
no
ha
ra
Fo
rm
aヒ
io
n

(K
uw
an
af
ac
ie
s)

gr
av
el
sw
it
hs
an
dy
ma
tr
ix
of
th
eK
ur
ag
ar
iF
or
ma
ti
on

al
te
rn
at
in
gb
ed
so
fg
ra
ve
la
nd
mu
do
ft
he
Oi
zu
mi
Fo
rm
at
io
n

(T
aτ
af
ac
ie
s)

al
te
rn
at
in
gb
ed
so
fm
ud
an
ds
an
do
ft
he
Oi
zu
mi
Fo
rm
at
io
n

sa
nd
do
mi
na
n七
a工
te
rn
at
in
gb
ed
so
fs
an
da
nd
mu
dQ
ft
he
Oi
zu
mi
Fo
rm
at
io
n

sa
nd
an
dg
ra
ve
lo
ft
he
Oi
zu
mi
Fo
rm
at
io
n(
Ni
sh
ih
in
oM
em
be
r)

gr
aV
el
sO
ft
he
KO
me
nO
FO
rm
at
iO
n

R・
1・
七
i。
n・
hi
pb
・
tw
ee
nl
it
h。
1・
gy
an
dv
・

ユ
ca
ni
ca
・
hl
・
y。
r

in
th
eH
ok
us
e

ar
ea
.



TheareasoftheNanse,NagoyaandChitaPeninsula

wherethesedimentarybasinoftheSしaqe工almostwas

driedup.

ii)・substaqebetweenthe工chinoharaand七heBandO-lvolcanic

ashlayer

Thissubstaqecanbefurthersubdividedinto'ヒhreephases・

.工ntheearlyphase,shallowlacustrineenvirOnmentcon'ヒinued

fromtheformersubs・ ヒage,inwhichalterna七inqbedsofInudand

sandweredeposited.

Themiddlephaseisrepresentedbythedepositionofalter-

natinqbedsofgra▽elandmud(Inabefaciesofthe工chinohara

FormatiOn),andalternatingbedsofsandandmud(Kuwanafacies

of七heIchinOharaFormatiOn).IntheInabeandHokuseiarea,

anallu▽ialplainwaswidelydeveloped,whereqravels

weresuppliedfromnort二h,whilelacustrineenvironment

developedintheKuwanaarea(Fig.40-d).

ThelastphaseisrepresentedbydepOsitiOnofalterna・ ヒin(

bedsofgravelandmud(工nabefaciesoft二he工chinOharaFOrma-

tion),andsandandgravels(theKuragariFormation).Inthe

InabeandHokuseiarea,analluvialplainwasdeveloped,where

alternatingbedsofgravelandmudweredeposit二ed .Itmeans

thatsameenvironmentasthemiddlephasewascontinued・ ヒothis

phase・In「 ヒheKuwanaarea'thewat二erbodyexist二edprecedinqly

wasfilledupbythematerialssuppliedfromnorth-

easternarea,andconsequen『 ヒly,analluvialplainwi七hsand

一lll一



andgra▽elswaswidelydeveloped(Fig.43-e)。ThOsecOarse

materialswerethefirstsedimentswhichweresuppliedbeyond

thepresentNOhbiPlainarea.

iii).substagebetweentheBando-landtheBando-2volcanic

ashlayers

Thissubs七aqeisrepresentedbythe工nabefaciesofthe

IchinOharaFormationandtheKuraqariFOrma七ion.工nthe工nabe

andHOkuseiarea,anallu▽ialpユainwasdevelopedwit二hsupply

ofcoarsematerialsfromnOr・ ヒhernarea.Alongsidewiththis,

inrヒheKuwana,KakiandOyachiareas,ana工luV↓alpエainwas

developedbythesupPlyofcoarsematerialsfromeasternarea.

エヒindica七es七hatsameenviro㎜entasthelastphaseofthe

formersubstaqestillexis七ed.

iv).substaqebetweentheBando-2andthePumice▽olcanicash

layers

Th⊥ssubstageisrepresentedby七healternat■nq

bedsofgra▽elandmud(TarafaciesoftheO■zum■Forma-

tiOn),al'ヒernatingbedsOfmudandsand(OizumiFormation),and

sandyal七ernatingbedsofsandandmud.GravelsupPlyfrOm

northwaslimitedonlyto七heTaraarea・

工nthisway,anallu▽ialplainwasde▽elopedintheTaraarea.

工nthe工nabeandHOkuseiarea,anallu▽ialplainconditionwas

changedtOlacustrineenvironmen七,andthenal七ernatinqbeds

ofmudandsandweredepositedthere.工ntheOyachiandKaki

area,coarsematerialsupplyfromeastwasfurtherconセinued.

工nthissubstage,itisclearthatthedepositionalfield

ofcoarsematerialspolarizedgraduallyfromnorthtosouth,

一ll2一
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anditm・yd・pendup。 ・qradualuplift・fth。K
uwanaAnti。line

areaofthenorth .

▽)・sub・t・g・b・tweenth・P㎜icev・lcanica。hl。
yerandth・b・ ・e

OftheKOmenOFormation

工tseernsthatsameenvirOnmentastheformersubstaqe

cOntinuedthrOughou七Tara,Inabe,Kuwana,Kaki,Oyachi

areasinthissubs七age。Al七houghanallu▽ialpユainwasde▽e1-

opedinnarrowbeltintheTaraarea,and.lacustrinewater

bOdycontinuedfromInabetoKuwanaarea。 工ntheKakiand

Oyachiarea,anallu▽ ‡al.plainwasde▽elopedbysupplyof

coarsematerialsfrOmnortheast。AlsO,intheYOkkaichiarea,

analluvialplainwasdevelopedbythegra▽elsupPlyfromeast

(Fiq.43-f).

vi).substaqeOftheKomenoFormationdeposition(Fig。43-q).

Thissubs・ ヒaqerepresents『 ヒhelaststaqeOfsedimentary

basintransitionofLakeTOkai.工nthissubstaqe,vastarea

ofalluvialfandevelopedbyfillinqupthesedimentary

basinwithqravelssupPliedfromsou七h.工tmaybe 、
influencedbyrapidupheavalofthepresentSuzukaMountain

area.Atthesalnetime,tOpggエ コaphiccontrastbecamedis-

・ヒinctbyrapiduphea▽alofthepresentYorOMOuntainareaand

皿ovementoftheKuwanaAnticline.

D.TECTONISMAROUNDISEBAYS工NCEP]-OCENE

TOEAR]』YP]コEISTOCENE

工nthissection,tec・ ヒOnicdevelopmen七aroundIseBay

sincePliocenewillbediscussedtakingtheOpinionsOf

Kuwahara(1968)andMakinouchi(1976,1979)intOconsエderat■on・
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Kuwahara(1968)discussedtectonismOftheeasternarea

of工seBay(theareafromtheNohbiPlaintoTonodistrict

includingKisOMOuntains).Hestatedthatthisareahad

receivedtiltingInovementsincePlioceneandthismovement

formedthetopOqraphiccontrastbetweenthesedimentary

basinofI・akeTokaiandeasternupheavinqarea.Hecalled

thistiltingblockas盲 冒ChubuTiltingBlock冒1.Afterthe

ext■nct■onofLakeTokai,thesedimen七arybasinwere

differentiatedandatiltinqblock("NohbiTiltingBlock四)was

appearedintheareaoftheNohbiPlain.Thismovement二was

calledthel冒SanageMovementsl冒.エnaddition,herecOqnizedtwo

typesoftectonicmovements,(Type-landType-2),originated

incru。t。lubdul。ti。n。fth。Sec。ndS。t・u・hiD・pressi・n.

Type-lisoflonqwaveundulationwhichformedmaindepressional

zonewithparallelaxistOtheSetouchitrend.Type-2is

ofshortwa▽eundula七ioncrOssinqwiththeaxisoftheSerヒouchi

trend,whichmadethealternatingarrangementofbasinandridge

inヒhedepressiOnalzOne(1くuwahara,1968)。

Makinouchi(1976,1979)paidmuchattentiOnto七heuncOn-

formablerelationbetweenー ヒheTokonameGrOup(TokaiGrOup)and

theTaketoyoFormationdis¶ ヒributedaヒtheChitaPeninsula.He

distinquishedtwotectonicmovements,OnefOrmedLakeTOkaiand

theother七heTaketoyoFormation,respectively.Hecalledthe

formerthe"ChitaMovements冒 壁andcOrrelatedthelatterto

the問SanaqeNove皿entslI.

Asmentionedinthesectionofqeoloqicstructure,七he

sedimentarybasinofLakeTokaiisdividedinto¶ ヒwosubbasinsby
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theYOro一 工seBayFaults.工no・ ヒherwords,thistec'ヒoniclineis

theboundarybetweentheIくinkiandChubuBlocks(Huzita,

1962)。Therefore,thetransitionofthesedimentarybasin

ofLakeTokaihastoexaminedinrelationtotheinteractiOn

betweenbothtectonicblocks.ThestudiesofIくuwahara(1968)

andb4akinouchi(1976,1979)werebasedOntheresearchescarried

outintheNaqoyaandtheChitaPeninsulaareas,bOthbelonging

totheChubuBlOck.NoreO▽er,asmentionedinthesectionofthe

correlationamOnqtheTokaiGroup,thesedimentsinthelaterhalf

ofthegeohis'ヒoryof工 、akeTOkai(Staqe工1)isonlydistributed

onthewestcoastof工seBaywhichbelongstotheKinkiBlOck.

Accordingly,thestatusoftec・ ヒOnicmovemen七inthecentral

andnorthernareaofthewestcoastOf工seBayhasupmost

importanceinunderstandinqoft二he七ectonicdevelopmen『 ヒduring

theageofLakeTokai.Tectonicde▽elopmentsinー ヒhoseareas

duringtheaqeof■akeTokaiissum皿arizedasfollOws(Fig.44).

BefOretheappearenceofthesedimentarybasinofLake

Tokai,itisinferredtha七theareaaround工seBaywasa

low-relieftOpographiclOwlandwhichwasresul・ ヒedbythepene-

planationinlateMiOcene(Kuwahara,1968ジNakinouchi,1976,

1979)・Thegeohistoryof工 ・akeTokaiinS七aqe工beqan

withthedepositionofalargeamountofgravelsinthe

southernarea。Itsugqeststhatthetopographiccontrastbetween

subsidinganduphea▽inqareasappearedaroundthisarea.From

thedistributionofgravelfacies,itisinferredthatthe

elongateddepressionalzonedevelopedatthattimewith

axisparalleltotheSetouchitrend,andsuccessively,alarqe
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lakeapPearedinthisdepressionalzone.Thiswaterbody

extendedfromTsutoChitaPeninsulaarea/andwasellipsoidal

withE-Welonqation.ThesubsidingmOvementinthisstage

belongedtothetectonic皿ovemen七 〇ftheSetouchitrend

(Huzita,1968),thetectonicstressbeinginN-Sdirec『 ヒion・

工nlateStage工,tha『 ヒdepressionalzonesliqhtlyshifted

fromsouthtonorth.Itreflected七heupheavinqOfsouthern

sedimentarybasin,andthus,thetectonicstresscontinued

tobeinN-Sdiエection。Inthisstaqe,hOwever,alarqe

amoun『 ヒOfgravelsweresupPliedfromeastintheareaaround

Nagoya,sugqestingthetectonicmovementoftheChubu

TiltingBlock.

田orecapitulate,the七ectonic皿Ovemen七sofStageI

wasassiqnabletothetectonismoftheSetOuchitrendwith

tectonicstressstateinN-Sdiヱection,andthat七heChubu

TiltinqBlockゴoinedtOthistectonicmovementsinthelater

partofStage工.

工twasabout3.Om.y.B.P.七hat・ ヒhecen七erofthesedi-

mentarybasinmiqratedfurヒhertothenorth。Th■sm■qrat■on

wasassociatedwithrapiduphea▽inqofthesOuthernareaof

thesedimentarybasin.Moreover,七heareaaroundNaqOya

andof'ヒheChitaPeninsulaweremostlydriedup.1七follOws

that七heuphea▽ingoccurredalsointheeasternarea'Chubu

Til七ingBlock.Thelarge-scalemigrationofthesedimentary

basintookplaceundertheinfluenceofrapidupheav■ng

ofthesouthandtheChubuTiltingBlockOftheeast・
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Differentiationoft二hesedimentarybasinstartedthrOuqh

themiqrationprocessfromStage工toStageエ エ ・The

embry・ni・fault・fY・r・ ・eparatedth・KinkiBl。ckfr・mthe

ChubuBlockandbOthbecametObeinfluencedbydifferent

CrUStalmOVementS.

エntheearlyp・ ・t・fS七 ・g・1エ,muddy・edim・nt・abutt・d

aqainst七hebasemen七 〇fYoroMountains.Itisevidentthat

theYoroNOuntainshadalreadvstoodasabarrierinthe

sedimentarybasinOfLakeTOkai,buttheareaaroundthe

ロ コ

sedimentarybasinwereunderlow-relieftopOqraphiccOnd■ 七■on・

[Popogrraphiccontras七bet二weendepressiOnalareaandupheavinq

areabecametobedis・ ヒinctstepbystep.Suchcontrastエs

represen七edbyalarqeamOuntofgravelsupplyOf七hat'ヒ ■me.

Afterthen,七hetopoqraphiccontrastdecreasedasbeinq

representedastheupwardfininqcyclefromtheIchinOhara

Forma七ionto七heOizumiFormation.ThrouqhStage工1,the

sedimen七arybasinInigFratedqraduallynorthwardwithconti-

nuousupheavi兵gofthesouthernarea.MOreOver,thet‡ltinq

movementOftheChubuTil七ingBlocksuppliedalarqeamOunt

ofgravelsof'ヒheIくuraqariFormatiOnfrOm七heeas・ ヒ.

TheYorOMountainsandtheKuwanaAnticlineuphea▽edgradually.

Consequently,七hewesternsedimentarybasinresultedto

皿iqratetowestundertheinfluenceofthosetectonic

activi七ies.工nthelatestStaqe工 工,itisclearthatthe

'

SuzukaHountainsupheavedrapidlyinN-Strend,andthus,

theN-Sstructural七rendbecame'ヒobemoreconspicuOusinthe
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westernhalfof・ ヒhesedimentarVbasin.

ロ コ
Su㎜arizingabove,七hetecton■cmo▽ementsdurユng 、、_.

S『ヒage工wasunderthestressstateinN-Sdirectionandit

formedthedepressionalzonewi七hE-Wtrend,thatis,the

Setouchi七rend.TheChubuTiltingBlOckゴoinedwiththis

mo▽ements.工nStage工 工,七he七ectonicstresssta七einE-W

direc七ionwasrepresentedmainlybythemo▽ementof七heChubu

TiltinqBlock,bu七influenceOf七hatinN-Sdirection

wasconspicuOusinthewest二ernhalfof]コakeTokai.

Furthermore,suchstructurewithN-Strendasbeingrepresented

byt二heSuzukaMOuntainsbecametObeconspicuous(Fig.44).

Therefore,ithasbeenrecOgnizedbythoseresOlu七ionsof

tectOnichistorythatthetectoni・smof七hesurroundingareaof

LakeTokaishouldbeanalyzedfromtheviewpointbftheinter-

actionbetweentheuphea▽inqofthesouthernareaunder

'ヒhe¶ ヒectonicst二ressstateinN-Sdirec七ionandthe『 ヒil七inq

movemer比oftheChubuTiltinqBlockinfluencedbythe

tectonicstressstateinE-Wdirection.

〆
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工▽.SUBDIVIS工ONOFTHESECONDSETOUCH工SUPERGROUP

ANDTECTONICDE▽E工 、OPMENT

エnthech・pterエ1エ,therel・ti。nb・tweentran・iti・n・f

sedimentarybasinofLakeTokaiandtectonismhasbeen

considered.Basedon・ ヒhOseresults,・ ヒhetectonismOf

Sou七hwestJapansincePliocenewillbediscussedhere・

A.TECTONIS旭OFSOU田HWESTJAPANS工NCEPLIOCENE

TheRokkoMo▽ementswasdefinedasallofthecrustal

mO▽ementsOccurredsincePliOceneintheSetouchiDepression

by工kebe(1956,1957)。 工tihara(1960)proPOsed七hecOnceptof

t二he',Cli皿axOfROkkoMovements7璽inmiddlePleistoceneage

beforetheformationofterracedepositsbasedondistinct

differenceOfthestructuralfeaturesbetweentheOsakaGroup

andtheterracedeposits.Furthermore,Huzita(1962)dis-

tinquishedtwostructuraltrendsinthistec七 〇nicprovince,

andIkebeandHuzi七a(1966)redefinedtheRokkOMovementsonly

tothecrustalmovementwithmeridionalstructuraltrend.

Asforthetectonicmovementaround工seBay,Kuwahara

(1968)proposedt二heconceptof冒lSanaqeMovements騨 冒,andhe

pointedou七thatthismovementsis七hesameastheRokko

b40vements.Therefore,theseallbelongtotectonic

」
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movementsinΩuaternaryPeriod.Ontheotherhand,

Makinouchi(1979)recoqnized七wotypesof七ec・ ヒOnicmOve-

mentsincePliocenefrom」 ヒhes七udiesonthesedimen・ ヒsof

theChitaPerlinsula.AccOrding七 〇him,amOnqthem,theyOungrer

mOvementwascorrelatedtotheRokkOMoveエnen『 ヒs,whiletheolder

movemen'ヒwasnewlydefinedas"ChitaMO▽ement=s".Thelatter

ココ
■mpl■esIthetectOnicmovemen七whichcausedTokonameGrOup

tOdeposit,deformanddislocateduringセhesedimentaryprocess,

mainlyofPlioceneaqe冒(置akinouchi,1979).

TheΩuaternarytectOnicstresss七atein'ヒhisprovince

hasbeendiscussedenthusiasticallyfromtheviewpointofactive

faultsdistrik)u七iOn,geOdesicsurveyandearthquakemechanlsm

(Huzita,1968,1969アHuzitaandKishimOto,1972,Huzitaetal。,

1973アHuzitaandOhta,197フ).Comprehensively,iー ヒhasbeen

deducedtha七stabletec七 〇niccolnpressiOnalstressstatewith

E-Wtrendqovernedall'ヒheareadurinqthattime.Recently,

Huzi『 ヒa(1980)recoqnizedtwotypesof七ec七 〇niczone,one

parallelto『 ヒheJapanTrenchandtheOthertoNankai

TrOuqhsincethemiddlePleis七 〇cene,andsta'ヒedthat

theywerecompressedunderthemovementsofthePacific

andPhilippineSeaPlates.DirectionsOfstressstate

sinceNiocenewereestablishe(鼻bydykeswarmsmethOd

(1くobayashi,1977,1979アTakeuchi,1980andsOon).

Astothatof工nnerzoneofSouthwes七Japan,七heN-S

compressionals'ヒressfieldwaspredominantduring
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・ヒeNioceneandPlioceneTime(Kobayashi 、,1977,1979ア

IbayashiandNakamura
,1978).Therefore,Huzita冒s

ea(1969)whichsuqgestedchangeoftec七 〇nicstress

eldfrOmN-ScOmpressionalstate七 〇E-WcOmpressiona!

;ateisverifiednow.But,itremainstoes'ヒablish

Ledetailedaqeandarealdifferences.

B.CORRELATIONAMONGTHETOKA工,1くOB工WAKOANDOSAKAGROUPS

AsthemainPlio-PleistocenesequencesintheSecond

∋t二〇uchiDepression,Tokai,1くobiwakoandOsakaGroupscanbe

互umerated(Fiq.1),工shidaandYokoyama(1969)att二empted

ユecorrela七ionamongthose'ヒhreegroups七ephrochrono-

⊃qically,andsucceedinqlyエshidaetal.(1969)repOrted

ユgnetostratigraphyof七hePlio-Pleis"ヒocenesequence

ユKinkiandTokaidistrictsandcorrelatedwiththe

LmescaleofCoxandDalrymple(1967).Thereafter,

qreatdealofinformationsfrompaleomaqnetism,fission

rackagesandtephrochronOlogywereaccumulated.After

∋examinationoftheresultsof工shidaetal.(1969),

ヨenakaetal.(1977)proposedthemaqnetostratigraphy

εthePlio-PleistocenesequencesinKir日 くidistrict.

TheKobiwakoGroupisdevelopedmainlyinKotoarea

outheaste「npa「 やandK・ ・ei・ ・ea(westernp・rt・fL・k・Biw・)
.

・e・tratiqraphy。f七h・sed・p・ ・it・weresu㎜ari・edbyY。k・yama

・al・(1979)andY・k・yama(1981) .G・nerally・peakinq,the
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upPerpartofthisgroup(KatataFormation)isdistributedin

theKoseiarea,whilethelowerpartoftheqroup(工qa-Aburahi,

Sayama,GamoandYokaichiFormationsinascendinqorder)is

distributedlntheKotoarea.

工ntheKOseiarea,acharacteristicvolcanicash

layercalledtheAzukivolcanicashlayerisintercalated

inthelowerpart.ThefissiOntrackaqeOfthislayer

isO.87m.y.(NishimuraandSasaゴima,1970),and
_.

tha七 〇ftheBiotitevOlcanicashlayerwhichisabout20m

aboVetheformerisO.70m.y.(NishimuraandYOkQyama,1975).

Togetherwiththedetailedmagnetos七ra・ ヒigraphydonebyHayashida

etal.( .1976),itispossibletosaythatthosesediments .

rangefromlateMatuyamaReversedEpochtoearlyBrunhesNormal

Epoch.TheupPermostpartofthegroupiscomposedOf

gravels(Ryugesandsandgravels).

CorrelationamongtwocOresamplesinandaround

LakeBiwaandtheKobiwakoGroupin・ ヒheKoseiareawas

carriedOu七 七ephrostratigraphicallybyYokoyama(1975)

andTakemuraetal.(ユ976).

工ntheKotoarea,Inagnetostratigraphyandfission

tracka⊆ 「esclarifiedt二hattheIくobiwakoGroupinthis

arearangesfrOmtheGilbertReversedEpochtothe

NatuyamaRe▽ersedEpoch(Maenakaetal・'1977アTamuraetal・

1977アKobiwakoResearchGroup,1977FHayashidaandYokoyama'

1979;NishimuraandSasaゴima,1970FYokoyamaetalり1977a'
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1980。).TheupPerm・ ・tparti・th・K。t。areai・c・mp・ ・ed

ofgravels(YokaichiFormat二ion).

IntheOsakaGrouparoundOsakaBay,theupPerpa「t

ischaracterizedbyalt=ernatinqbedsofmar■neandnon-mar■ne

facies(ltiharaandKame土,19703工shida,1970)。The■n■'ヒ ■at■on

ofsuchanalternationwasabOutl.2m.y.B.P.(Yokoyama,

1979).

Tothecontrary,thelowerpar七 〇ftheOsakaGroup■s

characterizedmainlybylacustrineandf!uvialsediments'and

theupperandlowerpartsareunconformable(YOkoyamaetal.,

1977bアYokoyamaetal.,1980c,Iida,1980).工tslowerpartranqes

frOmtheGaussNOrmaltOtheearlyNatuyamaReversedEpoch

(NishimuraandSasaゴima,19703Yokoyama,1979アIida,1980,

Maenakaetal.,1977アToriietal.,ユ975アYokoyamaandHayashida,

1980).ThecorrelationalnOnqTokai,KobiwakoandOsaka

GrOupsmaybeshownasprOPOsedinFig.45.

Assta'ヒedprecedingly,thesedimentarybasinofLake

TokaiapPearedatabout6・Om・y。B。P.andshifteditsplaceto

northwestonalarge-scaleinabout3.Om.y.B.P.,andceased

itsexistenceataboutl.2m.y.B.P.Fromtheviewpointof

distributionpatternofthesedimen・ ヒsandtheageoftheir

deposition,theqeohistoryof]LakeTokaicanbedividedinto

twostaqes'StageIfrom6。Om・y・Bl .P.七 〇3。Om.y.B.P.andStaqeI工

from3・Om・y・B・P・tol.2m.y.B.P.
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Thesedimentarybasi・ 。fP・ ユ・・-1・k・BiwaapPearedat

。b。ut5-6m.y.B.P.and・hift・dit・place・ ・a!arqe-scale/
t。n。rthfr・mlq・Basint・OhmiB・ ・ina七 ・b・ut3・Om・y・B・P・

Afterth・di・apPearance。fth・waterb・dyinth・KOto

area,thecen七 …fthel・k・ba・inmiqrat・dt。n。rthwes七

atabOu七1.2m.y,B.P.

Furtherwesrヒ,thesedimentarybasinaroundtheOsakaBay

・pPeared・t・b・ut3.Om.y.B.P.,but・lternatingb・dsofma「 エne

andnon-marinesedimentsbegantocoverthelowerpartof'ヒhe

OsakaGroupunconformablyataboutl・2m・y。B・P・

エtf。ll。w。 七h。timp・rtant・pi・ 。des・fth・qe・hi・ 七・ry

areinc。 ㎜ 。nam・nqth・ ・ethreesedim・n七aryb・ ・in…f・bout

、3.Om,y.a・d。f・b。utl.2m.y.B.P.,respecti▽ ・ly(T・bl・15)・

C.COMPAR工SONOFSED工1江ENTARYBASINTRANS工T工ONBETWEEN

PALEO-LAKEBIWAAND■AKETOKA工

工七hasbeenknOwnthatthegeohistoryoftheSecond

SetouchiSupergrOupcanbesubdividedbytectonOsedimenrヒary

faciesofabOut3・Om・y・B・P・andl.2m.y.B.P.Thissugqests

thatthechangeoftectonicstresss七at二eofthisprovince

tookplacesimultaneously七hroughoutthreesediment二arybasins・

工n七hissection,tocomparetheqeohistoryofLakeTOkaiwith

thatofPaleo-lakeBiwa,patternsofsedimen'ヒarybasintran-

sitionwillbediscussed.
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Tablel5.Subdivisionof・ ヒheSecondSetouchiSuperqroup.
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Acc。rdi。gt。Y・k・y・m・(1969,198・)'th・g・ ・hi・t・ryofPaleo-

1。k。Biw。i。divid。di。t。f。ur・t・qes・Olderエ,Olderエ1'A・tual

、andA。 七ual…t。qes.Atfi・ ・七,P・1・ ・-1・k・BiwaapPea・edin

the工gabasinandclaydominantsedimentsweredepositedin

thiswaterbody(1,Iqa-ko11)(Yokoyamaetal.,1980a)(Older工s七age)・

工nthesecondノ'ヒhecen七erofthesedimentarybasinshiftedits

placetonorthfromthe工qabasintotheOh皿iBasin,fOrminq

stablewa七erbody(貿Sayama-ko冒 「)withmassiveclaydepos■t■on・

ThenorthwardshiftingOfthesedimentarybasinwasinherited

(Older工Istage).DurinqthetimefromOlder工Istage

七〇Actua1工staqe,thecenterof七hesedimen七arybasin

miqratedtonorthwestonalarqe-scale,andtheqra▽els

oftheYOkaichiFormationrepresentsthelastsedi-

mentsofOlderI工s七age.ThesedimentarybasinOfActual

工staqeshifteditsplaceqraduallytOwest,accOmpaniedby

theupheavaloftheeasternmountainarea.Thisexplana一 ヒion

wassupporヒedbytheresultsOflithOlOqy,paleocurrent
,

sed工menー ヒoloqicalstudiesonthedepositsoftheKoseiarea

andthoseofthel,000mdrillingcoresattheri▽ermouthof

theYasuriver(YQkoyama,1979アTakemuraetal 。,1979)。The

qravelsoftheupPermostpartoftheKobiwakoGroupinthe

K・seiareai・thesediment・ ・fth・1・ ・tA・tuall・t・ge
.These

qravelswasthefirstsedimentssuppliedfromt二hepresent

westernHiraMountains・Followingly,thecrustalmo▽ements

alongtheK・ta七 ・Faultbecam・m。react1▽ ・
,・ ・d,・fterthen,

一129一



エnActual工 工sー ヒaqe,theareaoft二heac七ualHokko(northern

lake)basinofthepresentLakeBiwabegantosubsiderapidly.

Therefore,七hesimilaritiesdeducedfromtheprocessof

thosetwosedimentaτybasintransitionaresu㎜ar土zedas

follOWS:

i).工nearlystaqe,thesedimentarybasinappearedinsouthern

areaofthebasin,andmigratedqraduallytonorth.

ii).Succeedingly,セhesedilnentarybasinmigratedtonorthwest

Onalarge-SCale・

iii).Thesediment二arybasinmiqratedqraduallytowest,andat

last,itisdividedbythestruct二uralmovementsinN-S

'

七rendaccompaniedrapidsubsidenceoftheeasternarea.

工nthisway,similarpatrヒernoftransitioncanberecoq-

nizedinbo七hsedimentarybasinsofPaleo-lakeBiwaandLake

Tokai・But,larqe-scalenorthwestwardmiqrationwashetero-

chronous,thatis,about3.Om.y.B.P.in工 、akeTOkai,and

aboutl.2m.y.B.P.inPaleo-lakeBiwa.

D.TECTON工SHANDBAS工NMIGRATION

Asmentionedbefore,thegeohistoryoftheSecondSetouchi

Pro▽incehadtwoconspicuousepisOdesofca3.Om.y。B.P.and

ofcal・2m。y・B。P。andasimilarpatternofbasintransitionwas

revealedasrecognizedinbothsedimentarybasinsofLakeTokai

andPaelo-lakeBiwa.Thissuggeststhatthechangesofthe

tectonエcstressstatewerecO㎜onthroughoutthatprOvince .

Thesedimentaryb・ ・in・b・f・reca3 .Om.y.B.P.(St・q・1。f
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丑akeTOkaiandOlderIs七aqeofPaleO-lakeBiwa)aremainly

characterizedbyE-Warrangementofdepressionalzoneand「 ヒheir

northwardmigration.工tmayowetotheuphea▽alof「 ヒhesou『 ヒhern

areaunderthetectonicstressstateinN-Sdirection.But,

inthemiddleofStageI,工akeTokaireceivedalargeamoun「 ヒ

ofgravelsupPlefromtheeastwhichrelatedtothemovements

oftheChubuTiltingBlock.Itsugqestedthebeginningofnew

structuralcon・ ヒrolwhichsuperposedtheolderone・

Attherヒimeofca3.Om.y.B.P.,thesedimentarybasinof

LakeTokaimigratednOrthwest.

Aftertha'ヒtime,thesediエnentarybasinofLakeTokaimigrated

tothewestasawhole,thoughslightlynorthward,byacti▽e

moVementoftheChubuTiltingBlockunderthestresssta'ヒeof

E-Wtrend.But,inthesametimeinterval,七hesedimentarybasin

ofPaleo-lakeBiwawas皿igratinqgradualynorthwardbythe

upheavalofsQuthernarea.

AtthetimeOfcal.2m.y.B.P.,thesedimentarybasinof

LakeTOkaibecametoextinctbeinqaccompaniedwiththeupheaving

oftheSuzukaandYorOMOuntainswithN-Sstructuraltrend.工t

waspeculiarthatthesedimentarybasinofPaleo-lakeBiwa

七工ansfereditsposition七 〇northwest.Aft二erthen
,itmigrated

graduallywestwardbytiltinqOfeasternarea.Thisfac¶ ヒmeans

theoriginationofconspicuousmovementunderE-Wtec・ ヒonic

s七ressintheOhmiBasin.

エnthi・way'七hesedimentaryb・ ・inmiqrati・ninL。k。T。k。i

andPaleo噛1・k・Biw・isc・ ㎜ ・nly・xpl・inedbyth・hyp。th。 。i
。 。f

'nte「actユonbetweenupheaving。fthes・uth・r・are
aandtilti。q。f

七heeasternarea(Fig.46).
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ココ
COnclusively,theauthorproposedanideathatthedepos■t二Lon

oftheSecondSetouchiSupergroupsincePliocenewasunderthe

influenceofsuperposedtwotec七 〇nicstressstateswhichare

representedbyupheavingofthesou七hernareaandtiltinqofthe

eastgrnarea.Hitherto,Huzita(1969)andothershavesta'ヒed

thatthetectonicstressstatechanqesince逼iocenetOokplace

intheInnerzoneofsouthwestJapandurinqthetimeofPliocene

andPleistocene.ThischangefrOlnN-Scompressionalstresss七ate

toE-Wonewasconspicuous。Therefore,theresultofthepresen七

workisnotcontradictorytothatideaandcOnfirmschronoloqical

settinganddetailedprocessoftectonosedimentaryturnoversince

Pliocene.
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▽. SUMMARY

1。ThePlio-P!eistoceneTOkaiGroupofthewestcoastof工se

Bayconsistsmainlyofsands,mudsandqravelsinfluvialand

lacustrineoriqin,andcontainsnumerOusvolcanicashlayers

andlignitebeds.Thest二ratigraphyoftheTokaiGroupinthe

Hokusearea(northernpartofthewestcoastofIseBay)is

su㎜arizedasshowninTable2.On七hebasisoftephrO-

strat土qraphy,lateralfacieschangesOfthosedepOsitswere

describedprecisely(Fig.25).

2・Onthebasisoftephros七ratigraphy,biostratiqraphy,paleo-

Inagnetismandfission-'ヒrackaqes,theエOkaiGroupintheHOkuse

areawasclarifiedtOhavetheranqefromtheKaenaeventof

t二heGaussNormalPolarityEpochtoearly皿atuyamaReversed

PolarityEpOch(about3.Om.y.B.P.tOl.2m.y.B・P・)(Fiq・28)。　
3.IngeOloqicstructureon七hewestcoastofIseBay,three

conspicuOustectonictrends(Setouchi,SuzukaandYQrotrends)

arediscriminated(Fig.30).TheTOkaiGrOupintheHokuse、
areaformsabasinstructure.

4.ThecOrrelationamongthesedimentsoftheTokaiGroupin

variousareas(westcOastOf工seBay,Chi七aPeninsulaandarea

aroundNagoya)wascarfiedOutprecisely(Fiq.33).COn-

sequently,itbecomest二 〇beclearthatthegeohistoryofthe

s6dimentarybasinofLakeTokaicanbesubdividedintotwo

s七ages,Stage工(about6・Om.y.B.P.七 〇3。Om.y.B.P.)andStaqe工1

(about3.Om.y.B.P.tol.2m.y.B.P.).
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5.エ 。 。。dert。m。k。 。ureth。p・1・ ・9・ ・graphy。fL・k・T。k・i'

・edimen・ 。・・gica・d・t・(・i・h。 ・・qy・li七h。logic
.P「opo「t'。n・

qra▽ ・1・ 。mp。 ・iti。 ・,P・ エ・・cur・entdirecti・nsandsedimen七a「y

facies)weredescrib・d.Onth・ba・i・ ・f・h・ ・n・ ・tratiqraphy

andth。sesediment・1・qicald・ta,thepale・ge・qraphy・fLake

Tokaiwasreconst二ructed(Fiqs.40&43).Furthermore'the

pr・cess。fthesedimentaryba・intran・iti・nwa・examinedf「om

th。sepale・ge。graphicalresearches.Theyaresu㎜arizedas

fOllows:Af七erwidedistributionofalluvialplainsinearly

Stage工,alargewaterbodyapPearedinsouthernareaof

七hebasin,whichextendsfromTsuareatotheactualChita

Peninsula.Succeedingly,though,intheareaaroundNaqoya

of七henorth,七hegravelsweresuppliedfrOmtheeasternarea

and'ヒhealluviaユplainwasde▽elopedwidely,thewaterbody

preexistedstillremainedinー ヒhesouthernarea.

Atabout3.Om.y.B.P.,inaccordancewiththenotthward

shiftingoft二hesedimen`ヒarybasinwhichcoveredtheareafrom

NansetotheChi"ヒaPeninsula,andthestablewaterbodybecame

toapPearintheHokusearea.Afterthat,sedimentarybasin

wasmoredevelopednorthwardly,but,asthegravelssupPlied

fromthenorthernareawereaccumulatedthere,analluvial

plainwasformedaccOmpaniedwithawaterbOdyaヱoundKuwana

area.Subsequently,thegravelssuppliedfromtheeastern

areareachedtothepresentwestcoastOfIseBaybeyondthe

presentNohbiPlain,andfilledthewaterbodyoftheformer

age・Thus,thewaterbOdyreduceditsex七en・ ヒandwasremained

onlyinsouthwesternarea・Followingly,ascoarsematerials
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fromthenorthernareadecreaseinsupPly,waterbodywas

developedtonorth.工nthelas七,larqeamOun一 ヒofqravelsfrom

'ヒhesouthwesternarea(SuzukaMOuntains)filledupthat

sedimentarybasinand工 ・akeTokaiattainedtoits'ヒerminal

stage.

6.工nconnectionwith・ ヒhemOdeofsedimentarybasintransi七ion,

t二hetectonicdevelopmentarOund工seBaywasdiscussed。The

tectOnicdevelopmentofsurrOundinqareasshouldbeconsidered

fエOmtheinteractionbetween一 ヒheupheavingOfthesou'ヒhern

areaundertec'ヒonicstressstateofN-Sdirec七ionand七he

Inovementof・ ヒheChubuTiltinqBlOckinf!uencedbythetectOnic

stressstateofE-WdirectiOn.

7.By『 ヒephros『 ヒra七iqraphy,maqne七 〇stra七igraphyandfission

trackages,thecorrela七ionamonqtheTOkai,1〈obiwakoand

OsakaGroupswasmade(Fiq.45).COnsequently,i七becOmes

clearthattheboundaryOfStaqe工andS『 ヒaqe工 工OfLakeTokai

(・b。・t3.Om.y.B。P。)i・f。i必ly・ 。in・ident・lwi七hth・b・undary。f

Older工andOlderI工stagesofPaleO-lakeBiwa,andalsowith

theinitialstageofthesedi皿entarybasinaroundtheOsaka

Bay.ThisboundaryshouldbereqradedセOhave土mport二antrole

inthegeohistOryoftheSecondSetOuchi工nlandDepression。

MoreOver/i七isverycuriousthat七heextinctiOnOfLake

田Okai(aboutl.2m.y.B.P.)wascorrelatedwi・ ヒhtheboundary

betweenOlderstaqeandActualstaqeofPaleo-lakeBiwa,and

alsowiththefirstappearanceofalternatinqbedsofmar■ne

andnOn-marinedeposi¶ ヒionaroundtheOsakaBay.

ロ の ロ ゆ コ コ コ
8。Toco皿pareLakeToka■wエthPaleo-lakeBユwa,s■m■larm■qrat■on
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P・ttern。fthesedimentarybasinwa・rec・qni・ed・Butalarge-

・calemigrati・n。fPal・ ・-1・k・Biwat・n・rthwest・ccurredlate「

七hantha'ヒOf]コakeTokai.

9.SimilarmiqratiOnpatternoftwosedimentarybasins(PaleO-

lakeBiwaandLakeTokai)wereexaminedastheresultsof

mutualinteractionbetween七hesouthernareaupheavingand

thetilt二inqmo▽ementoftheeasternarea・Beforealarg「e『

コ コ
scalenorthwest二wardmiqrationofthebasエn,tecton■cstress

sta・ ヒewasunderN-Scompression,butitchanqestoE-W

cOmpressionaft二erthemiqratiOn.Theseresultsobtainedfrom

t二hetectonosedimentaryanalysisareconcOrdantwiththeresults

deducedfromtheanalyticalstudiesOfdykeswarms,active

faults,earthquakemechanismandsOon.ThischarユgeOf

stressfieldseernstObedelayedinwesternarea.Thesetwo

tectonics「 ヒressesdiscussedheremaycOrrespondtotwO

七ypesofQuaternarytectoniczOneproPOsedbyHuzita(1980) .
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