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B％ll．

Abstract＝Th圭s　paper　describes　theJurassic　clastic　sequence　ofthe　South　Kitakami　Belt　with　special

reference　to　the　sedimentary　facies。The　strongly　foldedJurassic£ormations　comprise　several　basinal

occurrences　and　are　distributed　in　two　nearly　north－southtrending　synclinal　subbelts，the　Westem

andtheMiddle　Subbelts．TheJurassic　strataofthewestem　subbeltconsistpredominantlyofmari－

ne　muddy　deposits，whereas　those　ofthe　Middle　Subbelt　consist　ofcoarser　clastics　including　abun－

dant　non－marine　deposits．The　latter　added　to　the　Lower　Cretaceous　clastic　sequence　are　altogether

about1600to4200mthick，thatis，threetofourtimesasthickastheformer．
　　　　　TheseJurassic　stratacomprise　the　following　six　facies　associations。1）z411μ∂弼（FZ諭紛廊50吻一

凄加includes　migrating　fluvial，distributary－interdistributary　complex　and　alluvi飢fan　deposits。2）

加セ孟5506翻勉，which　was　derived　from　lake，marsh　and　fluvio－lake　environments，represents

deposits　on　relatively　lower　land　and　consists　offiner　clastics　than　the　previous　association，3）B6α6h

R娠6－Coα吻JMα76h廊506ぎ誠oπis　mainly　originated　from　coastal　dunes・4）ShαJJoω瀬α吻6∠4550磁♂加

consists　of　coarse－to　fine－grained　sandstone　occasionally　accompained　by　sandy　shale　containing

marine　molluscan　fossils。5）Fひ36h∠45506鋤加consists　chieHy　of　turbidite　showing　graded　bedding

and　the　Bouma　sequence　with　subordinate　fluxoturbidite．6）Bα5彪〃μ4∠45306ど観oπconsists　mostly　of

monotonous　bedded　black　shale　including　marine　molluscan　fossils，

　　　　　TheJurassic　to　Lower　Cretaceous£ormations　ofthe　Middle　Subbelt，comprise　three　m勾or

cycles　ofse（iimentation．Each　cycle　begins　with　a　shallow　marine　facies，grades　through　quiet　basin

muds　into　flysch　facies（partly　lacking）and　ends　abruptly　with　thick　alluvial　associations　of　two

types・

　　　　　These　deposits　show　approximately　northward　paleocurrent　directions　in　the　main。The

longitudinal　facies　changes　combined　with　the　mode　ofdeposition　indicate　that　the　UpperJurassic

sedimentation　took　place　in　response　to　northward　progradation　of　deltaic　deposition。On、the　other

handシit　is　suggested　that　a　tectonic　land　existecl　to　the　east　of　the　Jurass三c　basin　of　the　south

Kitakami　Belt，from　the　mode　of　lateral　facies　changes　in　addition　to　the　directional　analyses　of

slump　folds　and　submarine　channel　structures，As　to　the　provenance，it　is　assumed　to　have　been　due

to　denudation　of　granitic　rocks　with　subordinate　metamorphic　and　sedimentary　rocks　during

Jurassic　time．The　analysis　ofthe　combined　data　indiqates　that　great　diHlerences　ofdepositional　en－

vironment　and　geohistory　existbetweentheWestem　and　Middle　Subbelts，andthatthere　is　aclose

a伍nity　inJurassic　sedimentation　between　the　south　Kitakami　Mountains　andthe　Soma　areaat　the

eastem　margin　ofthe　Abukuma　Mountains。
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　　Sedimentological　studies　including　the

elucidation　of　sedimentary　environments　and

depositional　processes　of　clastic　sedimentary

＊Geology　Department，Geological　survey　ofJapah

rocks　have　made　remarkable　progress　in　recent

years。The　earliest　epoch－making　contribution

was　the　turbidity　current　theory　proposed　by

KuENEN　and　MIGLloRINI（1950）．The　rapid

progress　in　marine　geology　had　a　great　impact

on　such　studies　around1950and　active　studies

have　been　made　of　Hysch　type－deposits。Since

the　early　1960’s，many　studies　have　been

directed　toward　deposits　of　continental　and
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shallow　water　origin　including　fluvial　and

deltaic　deposits．These　sedimentological　studies

have　clarified　the　depositional　environment　and

thus　ithasbecomepossibleto　reconstruct　the　an－

cient　sedimentary　basins　and　to　establish　their

depositional　history．This　also　has　contributed

greatly　to　the　prospecting　of　underground

resources．

　　Sedimentological　studies　inJapan　have　been

concentrated　on　flysch－type　basins　and　less　on

non－marine　and　shallow　marine　deposits　com－

pared　with　the　westem　European　countries．

　　The　writer　has　made　stratigraphical　and

sedimentological　studiesoftheMesozoicforma－

tions　of　the　South　Kitakami　Belt，Northeast

Japan．The　Mesozoicformations　ofthis　region，

especially　oftheJurassic　and　Cretaceous　forma－

tions　are　epicontinental　deposits　with　altema－

tion　of　marine　andOnon－marine　deposits．This

paper　analyzes　the　sedimentary　facies　of　the

Jurassic　formations　with　the　purpose　ofclarify－

iRg　their　sedimentary　environments，deposi－

tional　patterns，　provenance　and　paleogreo－

graphy。Some　studies　were　also　made　brieHy　of

the　sedimentation　ofthe　Lower　Cretaceous　for－

mations　which　conformably　cover　theJurassic。

　　On　the　sedimentary　facies　which　can　be　used

as　the　basis　of　facies　and　basin　analysis，SELLEY

（1970）says　as　fbllows：‘‘A　sedimentary　facies　is

amass　ofsedimentary　rocks　which　can　be　de且n－

ed　and　distinguished　f士om　others　by　its

geometry，1ithology，sedimentary　structures，

paleocurrent　pattem，and　fossils．，，He　con－

siders　paleoecology，petrography　and　geochem－

istry　as　important　branches　related　to　sedi－

mentlogical　studies（SELLY，1976）。After　a11，

comprehensive　studies　f士om　various　angles

would　clarify　depositional　environment＆nd

history，and　paleogeography．Here，the　con－

cepts　of　facies　and　basin　analyses　in　this　study

are　summarized　in　Table1．

　　The　measured　sections　as　a　key　for　the．facies

analysis　have　been　correlated　by　mapping

various　sedimentary免at皿es。However，the
following　dimculties　are　encountered　in　the

sedimentological　study　ofthis　region：1）These

strata　show　a　complex　geologic　structure　and

keybeds　are　scarce，These　factors　make　the　cor一

relation　of　strata　and　the　establishment　of

geometry　ofbeds　or　facies（e．g．solid琵ature　of

a　sand　body）di伍cult．2）Strictly　speaking，the

most　fundamental　classi丘cation　of　marine　or

non－marine　beds　is　not　easy　in　certain　cases．

　　Thus　the　region　is　in　some　di伍culties　for

sedimentological　studies　and　it　is　not　possible　to

conduct　detailed　description　and　comprehen－

sive　discussion　on　all　the　strata　constituting　a

maximum　thickness　of4200m　in且ve　areas．

However，as　no　fu11－scale　sedimentological

study　has　yet　been　made　on　the　wholeJurassic

formations　of　the　South　Kitakami：Beltシthis　is

an　attempt　to　provide　the　basis　for　more　detail－

ed　studies　in　fhture．

　　The　South　Kitakami：Belt　is　mostly　Hoored　by

Mesozoic　and　Paleozoic　formations　which　con－

tain　many　standard　stratigraphic　successions

ofJapan．On　theJurassic　strata　many
stratigraphical　and　paleontological　contribu－

tions　have　been　made　since　the18807s，The　past

major　stratigraphical　studies　were　made　by

MABucHI（1933）and　INAI（1939）in　the
Shizugawa　area，by　MoRI（1949）and　KAsE

（1979）in　the　Hashiura　area，by　HAYAMI

（1959a）in　the　Mizunuma　area，by　SmIDA

（1940，1940－1941）and　EHIRo（1974）in　the

Karakuwa　area，by　INAI　and　TAKAHAsHI
（1940），TAKAHAsHI（1962〉and　TAKlzAwA6」

ごzl．（1974）in　the　Oshika（Ojika）area，and　by

MAsATANI（1950）and　MoRI（1963）in　the

Soma　area，Syntheses　of　the　above　strati－

graphical　descriptions　include　those　of　ONuKI

（1956，1969）and　HAYAMI（1961a）．The　past

outstanding　and　important　paleontological

studies　are　those　on　ammonoids　by　SATo
（1962）and　TAKAHAsHI（1969）and　on　marine

bivalves　by　HAYAMI（1958，1959b，c，d，1961d）

and　TAMuRA（1959）．

　　The　very　few　sedimentological　studies　car－

ried　out　in　the　past　include　the　facies　analysis　by

TAKlzAwA（1975）on　the　Cretaceous　forma－

tions　ofthe　Oshika　area　and　that　by　TAKlzAwA

（1976）on　a　part　of　the　Jurassic　fbrmations

of　the　same　area．Apart　f士om　the　above，de－

scriptions　of　peculiar　types　of　sedimentary

structures　were　made　by　BANDo（1959ラCreta－

ceous　formation），TAKAHAsHI（1964，Triassic）
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Ack独ow且edgme雌s

周楳��楳慰�瑯晴����捨慴�攀

Geo1ogica1su･veyofJapan.Thew･ite･ismuch

楮���瑯偲潦��牋���������

tantPro北ssorT.SHIKIofKyotoUniversityfor

���瑩��瑩湧杵�慮捥慮���牡来浥��

������晴��漱�楣�卵��潦

���慳�癥湶����摶楣整桲�����

investigationandhe1pfu工criticismsofthe

��捲�琮偲潦�������晉睡�

��敲����刮佔�晡景�敲浥�敲潦

�敇������癥礬������慮�

othersta任membersoftheGeo1ogyDepartment

潦�敇������癥��癩����由獵札

gestions.Eurtherthan良sareduetothe

浥�敲�晴�恠剥��捨��灯��

����楮���摩浥�慴楯渧�晴���牴�

浥�潦�漱�����牡��潦�潴�

University£ortheirconstructivediscussions.

Thewriterwou1d1iketothankPro£essorT.

十�潦���瑩��潦��捩�捥����敲�

��潦味畫畢����瑩�楮条�潮��
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Table　l　Course　and　method　of　the　study。

Strat二a

Geo　logi　cal　廻apPing

　　　　RecognitionOf litho：LOgy

Stratigraphy

Sedimentological　In▽eS’ヒigation

FaciesAnalysis

：Liヒho　logy

Sedimen’ヒary　s’ヒruc’ヒures

FOSSまIS

GeOchelnical　fea・ヒures

Pe’ヒrography

工（ientification　of　facies

Paleocurrent　pattern
▽ertiCal　＆　lateral　faCieS chang’es

Facies　AsSociation

Comparison　with　other　examples
Deposi’ヒional　En▽ironmen’ヒ’Analysis

Provenance Framework　composition　of　clastics

Paleocurrents
　　　　　＆　direCtiOnal　S　trUCtUreS

BaSin　AnalysiS

Paleogeography　＆　Geohis’ヒory

and　KAMADA（1979シTriassic）．General　sum－

mary　was　given　by　HAYAMI（1961b，c）and

TAKlzAwA（1977〉on　the　sedimentary　facies

and　geological　history　oftheJurassic　formations

of　the　whole　South　Kitakami　Belt．

　　Ack量ow且ed，gme誠s

　　This　work　is　a　part　of　the　research　at　the

Geological　Survey　ofJapan．The　writer　is　much

indebted　to：Professor　K。NAKAzAwA　and　Assis－

tant　Professor　T，SHIKI　ofKyoto　University　for

their　stimulating　guidance　and　encouragement．

　　Dr，K　TANAKA　of　the　Geological　Survey　of

Japan　has　given　valuable　advice　throughout　the

investigation　and　helpfhl　criticisms　of　the

manuscript．Professor　M．KATADA　of　Iwate

University，Dr．R．．OTA　ofa　former　member　of

the　Geological　S皿vey，Dr．Y。TERAoKA　and

other　staffmembers　ofthe　Geology　Department

of　the　Geological　Survey　provided　helpfhl　sug－

gestions。　Further　thanks　are　due　to　the

members　of　the‘‘：Research　Group　on　the

Geosyncline　and　Sedimentation’，ofthe　Depart－

ment　of　Geology　and　Mineralogy　of　K．yoto

University　for　their　constructive　discussions．

　　The　writer　would　like　to　thank　Professor　T．

SATo　ofthe　Institute　ofGeoscience，the　Univer－

sity　of　Tsukuba　for　identifying　ammonoid
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楮����獣物��
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����剥���

周�����歡浩��慳�楮�批

YosHIDA(工975)isoneoftheimportantgeotec-

瑯���楳楯�潦�牴�慳�慰慮�����渭

����琱�����楣慮��潺�捲�歳

ranging缶｡mSi1uriantoCretaceousinage.Itis

borderedbytheHayachineTecto叫｡Be1ton

thenortheastintheSouthKita良amiMoun-

�楮�數��楮杳��睡�瑯��潭��愬

��慳�������瑯晴��畫畭愀

���楮���������条睡�捴潮楣

��潮�敷�琨�朮���卯����爀

``SomaSubbe1t'')is1arge1y且｡oredby

Pa1eozoicandMesozoicsedimentaryroc良sin

additiontopre-Devonianmetamorphicroc良s
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�����楳��楮�畤�慳楴���敲�砭
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Pa1eozoicandmetamorphicroc良sareexposed.
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癯�慮楣��楮�畤�批�������捥��

杲慮楴楣�捫献

0ftheMeso･oicstrata,theJu･assictoLowe･
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�獨極牡��敍���������慫畷�
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������捨����癥�����牡�楣

瑯�整慣�畳景�慴楯�����来�牡畹潦
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���潮敷楴档潮朱潭敲慴�周������
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周敍�潺�����潺���慴慯晴�

卯畴�楴慫�浩���散潭�楣慴���景��

�批景�����桴��慮�慵�献�捨
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�����慮慳���来潦浩湯���楮��
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佳�歡��睨敲整��牡����瑩����

景������楮�杵������捴��
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����楯��慳�睥�摩�捴楯���瑢�

�物步猱�晡畉瑳潦�������慮���睥�

����

Thefo1dsarec1assi丘edintofouroriveorders

慣��楮�潴�獣��晷慶���������

�捥����癥�������癡来楮�攀

strata.Thisshou1dbeta良enintoconsideration

楮���慴楮朱慴敲�捨慮来���捫��潦�攀

b1d･d･t･･t･(Eig.4).Sp･･i･1･tt･nti･n･h･･1d

begiventothein且uenceofsuchrotationa1defor-

�瑩潮楮浥慳�楮杣���摩�捴楯�潦�攀

�摩浥��������敦��瑩潮潦��畤�

��捫�獲��歡��������景��
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understoodas且attened且exura1fo1dswith
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species　and　Dr．1．HAYAMI　ofthe　University　of

Tokyo　for　identifying　bivalves　species。

　　Special　thanks　are　also　expressed　to　Dr。Y．

SHIMAzAKI，Chief　of　the　Mineral　Deposits

Department，Geological　survey　of　Japan，for

critical　reading　of　the　manuscript。Mrs，H

MIKI，N．OKADA，E．0喪uMA　and　K．SATo　are

thanked£ordrafting　some　ofthe且gures　and　typ－

ing　the　manuscript。

II．　STRATIGRAPHY

　　1．General　Remarks

　　The　South　Kitakami　Belt　as　defined　by

YosHIDA（1975）is　one　ofthe　important　geotec－

tonic　divisions　ofNortheastJapan．The　belt　con－

sists　mostly　of　Paleozoic　and　Mesozoic　rocks

rangingfrom　Silurian　to　Cretaceous　in　age．It　is

bordered　by　the　Hayachine　Tectonic　Belt　on

the　northeast　in　the　South　Kitakami　Moun－

tains，extending　southward　to　the　Soma　area，

the　eastem　marginal　part　of　the　Abukuma

Mountainsborderedbythe　HatagawaTectonic
Line　on　the　west（Fig．1）．The　Soma　area（or

‘‘Soma　Subbelt”）　is　largely　Hoored　by

Paleozoic　and　Mesozoic　sedimentary　rocks　in

addition　to　pre－Devonian　metamorphic　rocks

and　Cretaceous　granitic　rocks．These　pre－Ter－

tiary　rocks　have　a　close　geologic　relation　to

those　of　the　South：Kitakami　Mountains．
Besides，this　belt　includes　as　its　southern　ex－

tremity　the　Takakurayama　area　where　late

Paleozoic　and　metamorphic　rocks　are　exposed．

　　The　Paleozoic　strata　in　the　South　Kitakami

Belt　have　been　regarded　as　deposits　in　the

marginal　area　of　a　geosyncline（MINATo，

1966）or　in　a　miogeosynclinal（NAKAzAwA　and

NEwELL，1968）or　in　an　epicontinetal　area

（YosHIDA，1975），and　the　Mesozoic　strata　in

this　belt　most　likely　consist　ofnon－geosynchnal

deposits。In　the　southeastern　part　ofthe　belt　pro－

per，the　Mesozoic　strata　comprise　Triassic，

Jurassic，and　cretaceous（pre－Aptian）fbrma－

tions　and　are　covered　by　Early　Cretaceous

volca，nics　and　intruded　by　late　Early　Cretaceous

graniticrocks．

　　OftheMesozoic　strata，theJurassicto　Lower

Cretaceous£ormations　consisting　mostly　of

clastic　sediments　occur　in　three　meridional　sub－

belts（Fig．2）：the　Westem（Shizugawa－
Hashiura），the　Middle　or　Centra1（Karakuwa－

Oshika）and　the　Eastern（Ofunato）Subbelts．

The　last　subbelt　consists　only　ofthe　Cretaceous

（probably　Hauterivian　to　Barremian）accom［

paniedby　alarge　amount　ofvolcaniclastics，and

brackish　to　littoral　faunas　as　described　by

ONuKI　and　MoRI（1961）and　NAKAzAwA　and

MuRATA（1966）．The　Triassic　strata　are

represented　chieHy　by　the　Scythian　to　Anisian

Inai　Group　which　widely　envelopes　theJurassic

to　Cretaceous　formations。They　are　generally　of

ma血e　origin　and　are　composed　of　shale　and

sandstone　with　conglomerate。They　are　divided

from　bottom　to　top　into　the　Hiraiso，Osawa，

Fukkoshi　and　Isatomae　Formations，being
2000m　or　more　in　total　thickness．In　addition，

the　Anisian　to　lower　Ladinian　Rifu　Formation

and　the　Carnian　to　Norian　Saragai　Group　are

narrowly　distributed，the　la．tter　being　covered

bytheLowerJurassicstrataintheWestemSub－
belt．

　　The　Mesozoic　and　Paleozoic　strata　of　the

South　Kitakami　Belt　are　complicatedly　deform－

ed　by　folds　of　upright　type　and　faults．Each

Jurassic　outcrop　area　is　occupied　by　a　single

syncline　or　an　assemblage　of　minor　synclines．

As　an　example，the　structural　elements　in　the

Oshika　area　where　the　strata　are　most　intensely

folded　are　shown　in　Figure。3。The　structures

with　north－south　trending　fold　were　formed　by

compression　in　east－west　direction　and　cut　by

strike　slip　faults　ofeast－northeast　and　northwest

trends．

　　The　folds　are　classified　into　four　or　five　orders

accordingto　the　scale　ofwave　lengths。They　pro－

duced　we11－developed　slaty　cleavage　in　the

strata．This　should　be　taken　into　consideration

in　elucidating　lateral　changes　in　thickness　of　the

飴1dedstrata（Fig．4）．Specialattenti・nsh・uld

be　given　to　the　influence　of　such　rotational　defor－

mation　in　meas皿ing　current　directions　of　the

sedimentary　strucures．Deformation　ofthe　mud－

dy　rocks　is　remarkable　as　seen　in　the　deforma－

tion（rotation）of　fossils　and　calcareous　nodules

（PL　VIII－3）．The　folds　in　the　Oshika　area　are

understood　as　flattencd　flexural　fold．s　with
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三彦礫繊靴　　　　　　　　　　　　　　　　　㈱撫，1！・引N

　　　　　　　　　織，撫／，鯛職　　Low　magneti　c　anomal　ies
　　Hi　gh　magneti　c　anomal　ies

國Gra伽r・cks
懸Ult－ficr・cks

擁，瀬纏糖＼◇

Fig，1　compiled　geological　map　ofthe　south　Kitakami　Belt，NortheastJapan・The　belt　comprises　the　south　Kitakami

Mountains（or　South　Kitakami　region）and　the　eastem　margin　ofthe　Abukuma　Mountains．The　boundary　between

both　mountains　is　demarcated　by　a　Iarge　northwest　directional　fault　crossing　Sendai　Bay。
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Fig。2DistributionofMesozoic　stratainthe　SouthKitakami　Belt．W，Westem　Subbeltl　M，Middle　Subbeltl　E，Eastem

　Subbelt，M，T．L　and　I－S．T．L。in　the　inset　map　indicate　the　Median　Tectonic　Line　and　Itoigawa－ShizuokaTectonic

　Line　respectively．
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　Hexure　folds．Line　A－A’indicates　the　position　of　the　section　given　in　Fig．6．For．abbreviations　see　Table10．
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Fig．4　Schematic　profiles　for　the　structural　interpretation　of　the　Ogachi　Anticline．The　left　figure（A）is　by　the　previous

　authors，and　the　right　one（B）by　the　writer，Note　the　difference　in　thickness　between　both　wings　of　an　anticline，

estimated　shrinkage　of50percent　or　more　in

east－west　direction（TAKlzAwA，1981）．Folding

deformation　is　strongest　in　the　Oshika　area，

and　moderate　in　the　Karakuwa，Soma　and

Mizunuma　areas，becoming　much　weaker　in

the　Shizugawa　and　Hashiura　areas，

　　The　m司or　tectonic　lines　related　to　the　South

Kitakami：Belt　are　the　Hayachine　Tectonic
Line（Belt），Hizume－Kesemuma　Line，Futaba

Fault　and　Hatagawa　Fault。All　these　tectonic

lines　are　hnear　in　north－northwest　direction

with　the　exception　of　the　Hayachine　Tectonic

Line．The　last　three　are　considered　to　have　been

formed　in　the　Cretaceous　Period，and　they　con－

trol　the　distribution　of　the　Mesozoic　forma－

tions。The　Hayachine　Tectonic　Line　is　curved

and　possibly　originated　in　pre－Permian　time．

　　There　is　a　large　and　broad　graben　of　nor－

thwest　trend　which　is　regarded　as　a　kind　of　tec－

tonic　zone，　near　Sendai　Bay。　It　probably

separates　the　South　Kitakami　Mountains倉om

the　Abukuma　Mountains　by　horizontal　shi長一

ing．A　right　lateral　dislocation　of20－30km　be－

tween　the　two　blocks　is　inferred　from　the

distribution　ofthe　older　metamorphic　rocks　and

the　Mesozoic　and　：Paleozoic　formations．

Moreover，such　a　dislocation　is　reHected　in　the

distribution　of　an　aeromagnetic　anomaly　zone，

20－30km　wide，just　o仔the　Kitakami　Moun－
tains．

　　The　Mesozoic　synclinal　structures　originally

plunged　to　the　north，but　later　tilted　southward

to　show　the　present　structural　attitude。

　　2．Midd且e　S胆馳dt

　　TheJurassic　to　Cretaceous　formations　in　the

Middle（or　Central）Subbelt　are　distributed　in

three　areasシthe　Karakuwa，Oshik＆and　Soma

areas　f士om　north　to　south．They　comprise　the

Middle　and　UpperJurassic　strata，in　addition

to　the　lowest　Cretaceous，and．cover　the　Triassic

Imi　Group　with　an　unconformity。Thus，the

Upper　Triassic　and　the　LowerJurassic　forma－

tions　are　lacking　in　this　subbelt．Compared
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withthesequ㎝ceintheWestemSubbe1t,that
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with　the　sequence　in　theWestem　Subbelt，that

in　the　Middle　Subbe！t　is　very　thick　and　very

abundant　in　granitic　coarser　materiaL

　　2－1　Karakuwa　Area
　　This　area　is　situated　in　the　northem　part　of

the　Middle　Subblet，where　MiddleJ皿assic　to

Lower　Cretaceous　sequence　is　distributed．The

stratigraphic　succession　and　geologic　map　are

shown　in　Table2and　Figure．5。The　traditional

two　fold　divisions　oftheJurassic　ofthis　area　are

not　available＆t　present。Consequently，the　new－

1yde五nedJurassict・Lowercretace・usse一
旦uence　is　called　the：Karakuwa　Group　as　a

whole．

　　The　Kosaba　Formation　rests　unconformably

upon　the　Triassic　Inai　Group，and　consists

mainly　ofmassive　arkosic　sandstone，The　basal

part　ofthe　formation　consists　of　conglomeratic

sandstone　containing　fossils　such　as　trigoniids

and　inoceramids．Sandstone　is　coarse－to

medium－grainedwithfrequent　cross－beddingin

the　Iower　part　ofthe　formation　and且ne－grained

with　shaly　intercalations　in　the　upper　part．

Thicknessoftheformationisabout200min
maximum，and　thickens　to　the　northeast．The

Kosaba　Formation　grades　into　the　Tsunakizaka

Formation　above．

　　TheTsunakizakaFormation，about400m
thick，is　composed　mostly　of　massive　or　thick－

bedded　black　shale　or　sandy　shale　in　the　main

part，accompanied　by　strati且ed　medium－to且ne－

grained　sandstone　in　the　upPer　part，　the

Sakaguchiirizawa　Sandstone　MembeL　The
shale　is　very　sandy　and　poorly　sorted　in　the

lower　half　of　this　formation，and　contains　oc－

casionally　plant　fragments。

　　Inthenorthempart　ofthis　area，B司’ocian　am－

monites　such　as　S紗h磁066鰯c£pl加嬬加灘，
30π痂痂αcf．607剛9α如，P616ん04露85（勘α魏1露63）ψα一

彪zη3，0Jo露65　sp、and　3ヶ忽066観5　c£　1αηgμ尿μη3。

（SATo，1962，1972）and　bivalves　such　as1η一

・667α規鰐んα磁乱ω6励，Zπ・6徽勉撹5cfl撹6卿，and

Po豆40η脇sp。（HAYAMI，1961a）occ皿in　this　for－

mation．

　　The　Ishiwaritoge　Formation　consists　mainly

of　conglomerate　and　sandstone，being130to

190mthick。lnthenorthempartofthearea，
the　co耳glomerate　occupies　about45to65per－

cent　ofthe　total　thickness　ofthis　formation．It　is

characterize（i　by　the　abundance　of　large

Table2　Stratigraphic田succession　oftheJur＆ssic　system　in　the　Karakuwa　area・Abbreviations　fbr　stratigraphic　units　are

　used　in　other　tables　and　figures、

Geo’09’c踊ge Formation Thickhess LithoIogy
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Oshima　Fm ca400
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　　　　　　　　　shale　with　tuff．
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　　　　　　　　　　　　－tic　rocks
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＝
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』
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o
塗
，
x
o
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M
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　　　　　　　　　　　　　　　　shale

Mone　Fm 150－360 Beddedshaleandsandstone－
　　　　　　　　shale　alternation

lshiwaritoge　Fm 130－190
Conglomerateandsandstone
　　　　　　　　　　　　with　shale

（Sakaguchiirlzawa

Tsunakizaka　Fm

Mb）（85》

　　　　390

　　（bedded　medi　um　sandstone　）

Masslve　sandy　shale
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O
鴇
切
理
』
』
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Fig・5　Geological　map　of　the　Jurassic　in　the　Karakuwa　area．

boulders　or　cobbles　of　granitic　rocks　of　which

thelargest　is60cm　across。On　the　otherhand　in

the　southem　part，the　conglomerate　is　thin　and

sandstone　interbedded　with　shale　is　dominant．

The　conglomerate　and　sandstonebeds　f士equent－

1y　show　penecontemporaneous　erosion　struc－

tures　and　cross－bedcling。

　　It　is　considered　that　the　Ishiwaritoge　Forma－

tion　is　in　conformable　contact　with　the　underly－

ing　Tsunakizaka　Formation，in　spite　of　the

rapidchangeinlithology．Animalfossils　arebar－

ren　in　this　formation，but　the　shale　occasionally

yields　plant　fossils　in　the　vicinity　ofMone．

　　The　Mone　Formation　consists　mainly　of

bedded　shale　in　its　lower　half　and　medium－to

thin－bedded　alternation　of　sandstone　and　shale

in　its　uppcr　half。The　lowermost　part　is　oc－

cupied　by　massive　medium－grained　sandstone

which　has　a　gradational　contact　with　the

underlying　Ishiwaritoge　Formation。This　sand一

stone－shale　alternation　laterally　changes　into

laminated　shale　in　the　northem　part　ofthe　area．

The　thickness　of　the　formation　is360m　in　the

southem　part，but　it　shows　a　remarkable　lateral

change　to　be　reduced　to　less　than　half　nor－

thward．

　　A　few　fossils　occur，and　they　comprise　am－

monites　such　as　P67砂h動6」650βぢ伽癖5，and

bivalvessuchas吻・ρh・7611α（磁伽α）676ηぬα，

め・ρh・吻（P7・卿・汐h・7611α）sp．and翫μ伽

sp．（KATo6砲1．，19771HAYAMI，1961a）．

　　The　Kogoshio　Formation，about500m
thick，is　ch＆racterized　by　very　coarse－grained

whity　arkose　sandstone，which　is　massive　or

very　thick－bedded　accompanied　by　shale．The

sandstone　is　well　exposed　for　thickness　of5to

20minasinglebedandshowsfrequentcross－
bedding。The　basal　sandstone　oft五e　formation

contains　abundant　reworked　pebbles　of　fossilif』

erous　or　oolitic　impure　limestone　in　the　eastem
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�来潦��猱整潦佳����湯牴��湧��

敲慴敢�������瑳�敲��物����

������敢��潦杲慮楴楣�捫����

灯��特��浥�浯�����牴��

�捫�����慮�慣楴楣癯�慮楣�捫献

周��楮�漱�獣慮景����潢�楮�慴

�癥牡���潮������瑩潮����

ム倣加sp.andル7加θα(P)sp.inthe1owerpart,

Go〃タ｡ηαsp.inthe工｡wer-midd1epart,and

τ1πな｡売あsp･,0〃αη3sp.,五∫ま〃加sp.andり9〃ω

(〃物9〃伽)sp.intheupPerpart(HAYAMI,

工961a,TAKAHAsHI,1973,EHIR0.1974).Fur-

thermore,thefo11owingbiva1vefossi1so㏄urin

the£ormationa1ongHigashihama-Kaido;

N〃〃α伽(戸舳α･〃〃α)･p.･･.9･.ノ伽愉･伽な､

肋伽･p.,ψ･伽〃〃α(丹･η･μ･〃llα)･ろ･･1物

andム6〃〃｡f.功〃6η5分(HAYAMI,196ユa).

TheIso良usaFormationcropsoutatIsokusa

�慫慧楨��慮摎慧慳慫楯��睥�慮�

���慳瑳潦��猱整潦佳����慮潴�爀

�瑣���敷�景����獵�条���湧

������慳瑯晴�佳���牡�桴���

brmationconsistsmain1yofb1ac良sha1epart1y

interca1atedwith丘ne-grainedsandstone.Atthe

瑯灯晴�景�慴楯���楳癥特����歯��

���潮���獵�条�愬慮摩瑩獣��

��瑩癥���敵灰敲�牴潦���歡睡�爭

mationoftheOshikaarea.Thebaseofthis£or-

mationisde丘nedbythesandysha1ewhichcon-

景�慢��敲���散���慮�瑯�楮�敵�

���瑯晴��杯獨楯��慴楯渮周攀

thicknessofthe£ormationisveryvariab1easbe-

楮朶ね慴坡歡���潦��猱整潦佳��

慮摭�整�����獵�条�慯晴�

�牡�睡健��由�周�整����捥�楯�

潦�敦��瑩潮�潮������慳瑯晴�

楳��慳�癥��������㌩�����

manyfossi1ssuchasτ肋γ刎ω〃ηゴ6伽バ50肋5伽θ,

3θ〃あ〃〃αα石少α刎αゴ,K〃α舳〃αsp.,0Z605`砂加ηα∫

sp.and8肋並伽θπ06〃ωsp.(SAT0.1958.1962;

TAKAHAsHI,1973),andP〃α〃θ1060〃ん〃η伽刎θη一

･分,R(刀･伽･α･肋〃α)ん･吻α洲,G･α㎜㎜α1･6･η

妨肋θ〃5な,G.sp.,G6〃〃〃αsp.,1〕加ηαsp.,吻ガα一

舳∫曲㎜･£肋･η･肋舳･･,醐･伽㎜κゴ舳･α壬,〃α･一

舳㎜α伽㎜〃,ψ･μ･〃〃α(戸･･η･μ･〃llα)･ろ一

･･1物,"α肋･£･μゴ伽タ･,五･p.,0･･Zω1肋･p.

andPZ〃｡ηαsp.(HAYAMI勿αZ.,工960).

㈭㈰獨楫��愀

TheOshikaGroupranging止｡mtheMidd1e

�牡�楣瑯���敲捲整慣�畳楳摩癩��

蚊ratigraphica11yintothreeformations,the

Ts吐inoura,theOginohamaandtheAyukawa

亙｡rmationsinascendingorder,andissubdivid-

edinto10members(亙ig.6andTab1e3).The

杲����潮朱�漱���景��桲��畴�

���湧����献周敧�異楳摩�物���

�楮�楮�敏獨楨��楮獵����楮杭��

潦���愬慮������畴捲潰���楮

�敏���畳��慮�牡獨畫��慳瑯�攀

湯牴�周整�捫��慮�楳�楢畴楯湯晴�

Jurassictoc･etaceoussedimenta･ysequences

oftheSouthKita良amiBe1tarethegreatestin

�敏獨楫��慳�

周�獵�湯����瑩潮�敲���攀

�楡�楣�����楴���潮景�楴��

theIshinomakisheet-maparea(TAKIzAwA勿

αZ.,1984).Thisformationcanbedivided

�牡瑩杲慰�����潴�浥�敲献周��敲

浥�敲�獵歩湯�慓慮�瑯����整��

�ね�楣�慮�潮���昱楴瑯牡�物湮敲

�物瑩��業�瑳睨楣档潭�楳�慮�瑯��

�����慮�潮朱潭敲慴��數��瑳��

�摩浥�����獷楴��捲��異睡�潦

杲����周敵灰敲浥�敲������

Sha1e,under1ainbytheTsukinouraSan〔1stone

��慧牡��捨慮来潦�捫�慣��楳

representedexc1usive1ybybeddedb1ac良sha1e.

Theformationisre此rredtotheB勾｡cianonthe

basisoftheo㏄urrenceofammonitessuchas

86砂乃α〃06〃ωsp.and州07刎α〃〃加∫(〃加3αゴ勿5)cf.

"η5〃(SAT0,工972).

周敏�湯����慴楯測慢�琱�〰

thic良,isconformab1etotheunder1yingSamu-

牡楨�慓����敲��楳摩癩�摩��

�敦漱��湧景�浥�敲献周�楴獵��歩

SandstoneandSha1eMember,350mthic止,is

characterizedbysandstoneandsha1ein且ysch-

�步��極�������瑩潮��敲����

���湧�浥牡�楮��慳���瑯晴�

�����歩湯��卡��潮敍��爬

���慮㌸ね�楣�楳����潦����

grainedsandstoneandshaIeinverythicト

������慴楯�楴�畢�摩���湧��

敲慴��慮瑦����散潮�楮�楮�癥牡�

sha1ebeds(TAKAHAsHI,1941).Athickcon一
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edge　ofthe　islet　ofOshima、Thin　orthoconglom－

erate　beds　are　present　at　several　horizons，and

they　contain　pebbels　of　granitic　rocks，quartz

porphyry，　and　metamorphosed　quartzose
rocksシhornfels　and　dacitic　volcanic　rocks．

　　The　marine　molluscan　fossils　are　obtained　at

several　horizons　in　this　formation，They　are
∠4銘α吻sp．and燕ガπ6α（P）sp．in　the　lower　part，

Oo痂η卯sp．in　the　Iower－middle　part，and
T7忽o痂ごz　sp，シOhlα梶ア3sp。，∠45・♂ごzπ6sp．and乃gμ7鰐

（κ吻9㍑7α5）sp．intheupPerpart（HAYAM・，

1961a，，TAKAHAsHIシ1973ンEHIRo，1974）．Fur－

thermore，the　following　bivalve　fossils　occur　in

the　formation　along　Higashihama－Kaidol
地6μ1αηα（P瀦α66611α）sp．ex．gr．ク蜘3肋・8繍，

P伽αsp．，吻・ゆh・7611α（P7・御・汐h・761」α）・63・1磁

and∠4吻吻c£ψ露勉5ぎ3（HAYAMIラ1961a）．

　　The　Isokusa　Formation　crops　out　at　Isokusa

（Wakagihama）and　Nagasaki　on　the　west　and

east　coasts　of　the　islet　of　Oshima，and　another

outcrop　is　newly　found　near　Tsurugαura　along

the　northern　coast　ofthe　Oshima　straight。This

formation　consists　mainly　of　black　shale　partly

intercalated　with五ne－grained　sandstone。At　the

top　ofthe　formation　there　is　very　coarse　arkosic

sandstone　near　Tsurugaura，　and　it　is　cor－

relative　with　the　upper　part　ofthe　Ayukawa　For－

mation　ofthe　Oshika　area．The　base　ofthis£or－

mation　is　de且ned　by　the　sandy　shale　which　con－

formably　overlies　the　coarse　sandstone　in　the　up－

permost　of　the　Kogoshio　Formation。The
thickness　of　the　formation　is　very　variable　as　be－

ing60m　atWakagihamaofthe　islet　ofOshima

and　more　than150m　at　Tsurugaura　of　the

Karakuwa　Peninsula．The　detailed　succession

of　the　formation　along　the　eastern　coast　of　the

islet　was　given　by　TAKAHAsHI（1973）．It　yields

many　fossils　such　as　7フ診μ7ηzごzη漉667ごz5　♂30ん鰐6？z36，

B677ぎごz5611ααん砂ごzη厩ぎ，Kぎ1ぎαη611ごz　sp．，Ol605♂ψhαηπ5

sp．and8初6認翻670667ごz5sp．（SATo，1958，19621

TAKAHAsHI，1973），andん7αll61040ηん656朋脚η6η一

5ぎ5，P，（乃吻・5翻611α）ん・6騨履，伽解捌・4・π

」ごzんぎ6π豆5，0．sp。シσ67∂ぎllぎαsp．，」P初ηαsp，，レをz7ガα一

解批5吻窺c£励観o加ω6π56，，E吻伽磁伽撹加，．ルfαη一

漁徽伽彫，ノ吻・ゆh・7611α（P7・剛・ρh・761」α）・6－

5016如，・4認ごzπ6c£5P露♂6η5乞3，・4，sp．，Co61α3如π6sp。

and　P伽70nηαsp．（HAYAMI6砲」．，1960）．

　　2－2　0shika　Area

　　The　Oshika　Group　ranging　from　the　Middle

Jurassic　to　the：Lower　Cretaceous　is　divided

欝tratigraphically　into　three　formations，the

T8ukinouraラthe　Oginohama　and　the　Ayukawa

Formations　in　ascendingorder，and　is　subdivid－

ed．into10members（：Fig．6and　Table3）．The

group　is　strongly　folded　and　forms　three　south－

plunging　synclines．The　group　is　distributed

mainly　in　the　Oshika　Peninsula　occupyingmost

of　the　area，and　the　smaller　outcrops　occur　in

the　Oura－lzushima　and　Urashuku　areas　to　the

north．The　thickness　and　distribution　of　the

Jurassic　to　Cretaceous　sedimentary　sequences

of　the　South　Kitakami　Belt　are　the　greatest　in

the　Oshika　areas．

　　The　Tsukinoura　Formation　overlies　the

Triassic　Inai　Group　with　an　unconformity　in

the　Ishinomaki　sheet－map　area（TAKlzAwA6♂

α1．，1984）．This　formation　can　be　divided

stratigraphica11y　into　two　members．The　lower

member，Tsukinoura　Sandstoneシis　more　than

150mthickシandconsistsoflittoralorinner
neritic　sediments　which　comprise　sandstone，

sandy　shale　and　conglomerate，It　exhibits　two

sedimentary　cycles　with　a　decrease　upward　of

grain　size。The　upper　member，Sam皿aihama

Shale，underlain　by　the　Tsukinoura　Sandstone

with　a　gradual　change　of　rock－facies，　is

represented　exclusively　by　bedded　black　shale。

The　formation　is　re免rred　to　the：B司ocian　on　the

basis　of　the　occurrence　of　ammonites　such　as

S勿）hごzη066昭5・sp．andハあ7ηzαη？z露85（Z劾z5ごz露65）c£

露彪5ごz6（SATO，1972）．

　　The　Oginohama　Formation，about1，400
thick，is　conform＆ble　to　the　underlying　Samu－

raihama　Shale　Member，and　is　divided　into

the　following　four　members．The　Kitsunesaki

Sandstone　and　Shale　Member，350m　thick，is

characterized　by　sandstone　and　shale　in　flysch－

like，medium－bedded　altemation，intercalated

with　conglomerate　in　the　eastem　part　of　the

area．The　Makinohama　Sandstone　Member，

1essthan380mthick，iscomposedofcoarse－
graine（i　sandstone　and　shale　in　very　thick－

bedded　altemation　with　subordinate　conglom－

erate．Plant　fossils　are　contained　in　several

shalebeds（TAKAHAsHI，1941）．Athickcon一
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glomerate　bed　rich　in　pebbles　of　granitic　rocks

crops　out　at　the　west　of　Shirahama。The

Kozumi　Shale　Member，150to200m　thickヲ
consists　dominantly　of　bedded　black　shale

which　is　probably　of　neritic　deposition．Some

ammonoids　and　bivalves　are　found．The　Fuk－

kiura　Shale　and　Sandstone　Member，about650

mthick，iscomposedmainlyofshaleandsand－
stone　inmedium－to　thin－bedded　altemation，ex－

hibiting　a　flysch　appearance，

　　From　the　occurrence　of　some　ammonites
suchasP6卿hぎη伽（P．）・β伽6繍，P．（K7απα・一

ψh翻65）c£剛郷h吻αぎ，L漁6・66郷・π蹴，

加6・ψh惚65sp。，四●解・ψh翻65a任・6・規窺嬬5

and　∠4μ1α60功h彪6’o嘱65　sp．　（FuKADA，　19501

SATo，1962∋TAKAHAsHI，1969），the　geologic

age　ofthis　formation　is　assignedto　LateJurassic

（Oxfordian　to　Kimmeridgian　or　Early　Titho－

nianage）．

　　The　Ayuk＆wa　Formation　is　underlain　by　the

Oginohama　Formation　with　a　conformity，and

is　divisible　into　four　members，the　Kiyosaki

Sandstone，the　Kobitawatashi　Sandstone　and

Shale，the　Futawatashi　Shale　and　the　Domeki

Sandstone　Members　in　ascending　ordeL　Pale

greenish　felsic　tuff　occurs　at　several　horizons，

and　the　sandstone　except　for　that　of　the

：Kiyosaki　Member　commonly　contains　volcanic

rock　fragments．

　　The　middle　part　of　the　formation（Kobita－

watashi　and　Futawatashi　Members）contains

ammonites　such　as　T勉ηηαππぎ66鰯cf．ぎ50肱56励5，

ノζぎ1枷61」αsp．and　B67磁536〃αsp．（TAKlzAwAシ

1970〉andisassignedt・Berriasiant・Valangi－

nlan　ln　age・

　　The　Kiyosaki　Sandstone　Member，640m
thick，consists　of　coarse－grained　sandstone　and

shale　in　very　thick－bedded　alternation．Three　of

the　five　stratigraphic　units　composing　the

member　are　rich　in　sandstone，but　the　others

dominated　by　shale。

　　The：Kobitawatashi　Member，400m　thick，
consists　of　coarse－grained　san（istone　and　black

or　gray　shale　in　very　thick－bedded　alternation。

Its　basal　conglomerate　contains　abundant　peb－

bles　of　clacitic　to　rhyolitic　rocks，an（i　the　sand一

Table3　Stratigraphical　succession　of　the　Juras5ic　System　in　the　Oshika　area．

Geo’09’c鴻ge Formaセlon，輔e紬e詳 Thickness Lithology
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stone　contains　numerous　rock　fragments　ofthe

same　kind．　Cross－bedding　is　commonly
developed　in　the　sandstone．Neritic　bivalves　of

the　same　kinds　as　those　of　the　Isokusa　Forma－

tion　of　the　Karakuwa　area　occur　in　the　shale

beds（TAKlzAwA，1970）．

　　The　FutawatashiMember，620m　thick，con－

sists　chie且y　of　muddy　Hysch－1ike　sediments

which　are　represented　by　black，thin－　to

medium－bedded　or　laminated　shale　frequently

interbedded　with　sandstone．The　member　is
characterized　by　the　frequent　occurrence　of　dis－

turbed　beds　as　represented　by　slump　overfolds

and　slump　balls．Thin　layers　of丘ne－grained

sandstone　display　various　kinds　of　sole　marks，

cross－1amination　and　current　ripPles。

　　The　uppermost　Domeki　Member　consists

mostly　ofvery　coarse－grained，免ldspathic　sand－

stone　with　subordinate　conglomerate　prevailing

offelsicvolcanic　pebbles。Cross－beddingis　com－

mon．Molluscan　fossils　are　barren　in　this

member．The　member　is　mostly　ofnon－marine

On91n・

　　2－3　Soma　Area

　　The　Middle　J皿assic　to　Lowermost　Creta－

ceous　Soma　Group　crops　out　in　a　narrow　zone

along　the　eastem　margin　of　the　Abukuma

Mountains　forming　a　north－south　trending　an－

ticlinorium。The　Group　is　divided　into　seven

formations　as　shown　in　Table4and　Figure7．

Of　these　formations　the　lower　three　are
distributed　in　the　northern　part　and　are　discon－

formable　with　each　other．The　upper　four　for－

mations　are　distributed　more　extensively　in　the

central　and　southem　parts．They　form　an　an－

ticlinorium　of　a　nearly　north－sout五trend　with

many　strike－faults．The　total　thickness　of　the

group　is　more　than1600m．The　thickness　of

each　formation　is　given　in　Table4．

　　The　lowermost　Kitazawa　Formation　consists

mainly　of　coarse－to　medium－grained　arkosic

sandstone　and　is　similar　in　lithology　to　the　pro－

bably　pre－Jurassic　Karosan　Formation　in　the

northem　part　of　the　mapped　area．Its　lower

limit　and　thickness　are　unknown　because　ofthe

fault，and　exact　age　can　not　be　determined

because　of　no　fossil　evidence．

　　The　Awazu　Formation　disconformably　over－

1ies　the　Kitazawa　Formation　to　the　west　of

Awazu　and　the　Karosan　Formation　at　the　nor－

them　margin　of　its　outcrop　area（the　upstream

ofthe　Shiiki－Gawa）．Its　basal　conglomerate　con－

tains　pebbles　ofadamelhtic　granite，This　Forma－

tionシ160m　thick，consists　mainly　ofblack

Table4　stratigr＆phical　succession　of　theJurassic　system　in　the　soma　area．
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Nakanosawa　Fm 140
CQarsesandstQne・1im畦stone
　　　　　　　　　wlth　sandy　shale

Tochikubo　Fm Ca．350
Coarse　　　to　　fine　　sandstone　　and

　　　　　　　　　　　　　　　　　shale

Yamagami　Fm

Awazu　F即

Kltazawa　Fm

Ca．200
向asslvemed」umsandst。newith
　　　　　　　　　　　　　　　　　shale

160 Shaleorsandyshale，fine
　　sandstone　and　conglomerate

？
Coarse　to　medium　sandstone

？

　　　　　　　　　　　　　　？

Karosan　Fm
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？

Coarse　　to　　medium　　sandstone

　　　　　　　　　　　　　with　shale
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Fig，7　Geological　map　oftheJurassic　in　the　soma　area・

shale，which　is　similar　in　lithology　of　the

Tsukinoura　Formation　of　the　Oshika　area，but

is　thinner　and　the　shales　are　more　sandy　than

the　Tsukinoura　Formation。It　yields　bivalves

such　　as　　Chlαηり5　　αωαβ膨π豆3，　　Lごz痂7忽07z彪

餅嬬4幽，陥％go痂αωα膨繍　（MASATANI
and　TAMuRA，1959）and　B忽o♂露65sp．（SATo，

1962）。From　these　fbssils，the　fbrmation　is

assigned　to　Late　B司ocian　or　Early　Bathonian　in

age・

　　The　Yamagami：Formationシabout200m
thick，consists　mainlyofmassive　medium－grain－

ed　sandstoneシaccompaniedby　altemating　sand－

stone　and　shale　in　the　southern　part　of　the　out－

crop　area．Marine　molluscan　fossils　occur　rare－

ly。

　　The　Tochikubo　Formation　consists　ofarkosic

sandstone　and　shale　with　coal　seams．This　for－

mation　yields　abundant　plant　fossils，but　lacks

marine　fossils，probably　because　ofnon－marine

origin。The　formation　is　similar　in　lithofacies　to

the　Makinosaki　Sandstone　Member　of　the

Oshika　Group，but　devoid　of　thick　conglomer－

ate　beds．

　　The　Nakanosawa　Formation　consists　mainly

ofarkosic　or　calcareous　sandstone　accompanied

by　impure　limestone　in　its　upper　part（Koike

Limestone　Member）．The　formation　is　charac－

terized　by　the　abundant　occ皿rence　of　marine

molluscan£ossils（SATo，19621TAMuRA，1959，

1961）。In　addition，the　Koike　Limestone　con－

tains　abundant　fossils　such　as　stromatoporoids

and　corals　which　are　common　to　the　Torinosu

Fauna（MoRI，1963）．This　fbrmation　was　con－

sidered　to　range　in　age　f士om　Oxfordian　to　Kim－

meridgian　by　MoRI（1963），but　the　Koike

：LimestoneMembershouldbe　assignedtoEarly
Tithonian　in　age　because　of　the　occurrence　of

∠1％1α60ψh玩6ごo嘱65cf㌧5」6忽67ぎ（SATo，1967）．

　　Tomizawa　Formation　is　composed　ofarkosic

sandstone　and　shale　in　v｛）ry　thick－bedded　alter－

nation，and　is　very　similar　to　the　Tochikubo

Formation　in　lithology．The　Formation　which

lacks　marine　fossils　is　considered　to　be　mostly

non－marinedeposits．

　　The　Koyamada　Formation，the　uppermost　of

the　Group，is　dominated　by　black　shale　with

dacitic　tuff　interbeds。This　formation　is　mostly

assigne（i　to　Berriasian　in　age　because　it　yields

Pα磁伽η611儲窺αβαω6繍and乃μ7窺α漉66郷sp。

（SATO，1962）．

　　3．Weste騰S腿b及》e丑t

　　In　the　Westem　Subbelt，Jurassic£ormations

are　distributed　in　four　separated　areas．The

areas　are　the　Chonomori，Shizugawa，Hashiura

andMizunumaareasシfromnorthto　south．The
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Shizugawa　and　Mizunuma　areasシamong
othersシserve　asthemain　sources　ofthe　stratigra－

phic　descriptions　of　the　present　subbelt（Figs．8

and9），TheJurassic　sequence　in　the　Westem

Subbelt　consists　of　two　groups，the　Lower

Jurassic　Shizugawa　Group　and　the　Middle　to

UpperJurassic　Hashiura　Group。Besides　these，

probable　lowest　Cretaceous　Jusanhama　Group

is　distributed　only　in　the　Hashiura　area。

　　The　successions　ofthe　two　m勾or　divisions　of

the　Jurassic　sequence　are　essentially　the　same

throughout　the　Shizugawa　and　Mizunuma
areas　as　shown　in　Tables5and6．Therefore，

the　successions　will　be　described　togetheL　The

thickness　ofeach　formation　is　given　in　Tables5

and6．

　　SLi躍欝w置Gro脱p　This　group　overlies　the

Upper　Triassic　Saragai　Group　and　the
Uchinohara　Formation，and　the　Middle
Triassic　Isatomae　Formation　with　an　uncon－

formity，and　is　subdivided　into　the　Niranohama

Formation　below　and　the　H：osoura（Mizu一
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Fig．8　Geological　map　of　theJurassic　in　the　shizugawa　area・

Table5　stratigraphical　succession　of　the　Jurassic　system　in　the　shizugawa　area，
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numa）Formation　above．Its　detailed　succession

and　fbssils　were　reported　by　H：AYAMI（1959d，

1961a）．

　　The　Niranohama　Formation　consists　of且ne－

grained　sandstone　and　sandy　shale　which　are

丘equently　interbedded　and　interlaminated　with

eachotherinthemainpart．Moreover，massive
medium－to且ne－grained　sandstone　occurs　in

the　lower　and　upper　parts．A　thin　conglomerate

bed　is　found　in　the　basal　part　of　the　formation

in　the　Mizunumaarea．Theformation　contains
very　abundant　bivalves　such　as　B％7ηz65彪ブごψoη一

加，．E・勉・伽∂砲翻andσ67α鞠・痂h・5・膨繍，

and　in　its　upper　part，a　Hettangian　ammonoid，

艶屍3露65　0π0487ごzどan（i　abundant　bivalves　such

as　陥撹goπ宛　and　ハ46イ6α97ガπ611α　occur。　In　the

Mizunuma　area，there　are　more　than　ten　shel1－

beds，several　tens　of　centimeters　to　l　m　in

thickness．

　　TheHosoura（Mizunuma）Formationiscom－
posed　mainly　of　black－bedded　shale（or　sandy

shale）including　calcareous　nodules．The　shale

is丘ner　grained　than　that　ofthe　Niranoham＆。In

the　Shizugawa　area　the　formation　yields　abun－

dant　ammonoids　indicating　Sinem皿ian－Aale－

nian　age，such　as∠旦7？zど0667α3クoんの7α勉αぎ，ノ顎050撹76露65

託彪π撹S，Plα冗α観窺伽0667αεん露αんOl糀ぎ8窩6and7勉6♂0－

667ごz5　786蕗605♂ごz伽ηz　（SATo，　1958）．In　addition，

some　bivalves　such　as陥吻窺鰯ぎ％η3，レ加go痂

and1π06粥規鰐are　contained（HAYAMI，1961a）．

The　Mizunuma　Formation　is　equivalent　to　the

Hosoura　Formation，but　it　does　not　contain

ammonites　in　spite　of　the　occurrence　of　brack－

ish　bivalves　such　as　Bαセ∂611ぎα，Z50gπoηzoη　and

Eo罐040π（H：AYAMI，1959b）．

　　H麗曲沁m　Gro腿p　This　group　rests　discon－

formably　on　the　Shizugawa　Group，and　is　sub－

divid，ed　into　the　Aratozaki（Ojima），Arato

（Owada）and　Sodenohama　Formations　in　as－

cending　order。The　Sodenohama　Formation　is

distributed　only　in　the　Shizugawa　area。Along

the　westem　wing　ofthe　syncline　this　group　rests

immediately　on　the　Triassic　Inai　Group、

　　The　Aratozaki（Ojima）Formation　consists　of

massive　arkosic　coarse－grained　sandstone．In

the　Shizugawa　area，it　is　accompanied　by　con一
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�吻�����

�吻�����

�砲�����

�･吋』�����

�k�����Sandysha1曹,s1ate,sand

����lna1Group�Ca.2,000�一stoneandcong1㎝erate

g王｡merateinpartsandby丘ne-grainedsand-

stoneinthe1owermostpart.Itcontainsabu肚

dantbiva1vesrepr鎚entedbyτ17を｡〃α〃刎クαg舳α

andothertrigoniids.A1so,0〃ω〃〃α,〃｡"oZα∫,

0〃1o刎α,〃｡〃7ω刎α3,0ω刎μoηκ枕,五〃｡Zあ刎etc.

wereobtained缶｡mthe1owermostpartand

Ko吻ω肋ω,Z50g〃｡㎜o･,五〇㎜タ｡伽and戸肋6〃♂6α

�潭�敵�敲浯��牴批�������

TheArato亙｡rmationiscomposedofsand-

�潮�獨����慴楯測�浩�����慮�

���獨�敦�浴���異睡���

Owada亙｡rmationconsistsmain1yofbedded

獨��周�慮�瑯�������慴楯��昀

且yschtypeshowingdistinctgradedbeddingand

1amination.The1aminatedsha1eisrichintra㏄

£ossi1sintheShizugawaarea.TheAratoand

�����瑩潮���������瑳���

遇勾｡cianammonoidssuchasZψo功肋励∫c£

㎜α肋∫ケ,8`ψαれ｡〃伽乃ω肋舳η〃and0α6o㎜伽

あα〃｡ケ,Ca11ovianK砂μ〃加J(8ウ㎜o〃伽5)sp.

andOxfordianP〃幼〃〃肋∫(K7伽αoψ〃刎肋3)

刎αなω肋㎜αゴ(K0BAYAsHI,1947;SAT0.1958,

椹������������敲浯��業�

meridigianammonoidssuchas肋6〃ω(?)sp.

��湯�瑯��物���慴潅��瑩潮��

�摩瑩潮瑯��潮楡湯�������捥��

ammonoidssuchasB〃タω6〃ωsp.and

0160∫ま砂州舳5(?)sp.intheHashiuraarea

������

周�潤������瑩潮灯�楢����

disconfor皿汎b1yontheHashiuraGroupand

consistsdominant1yof丘ne-grainedsandstone

楮���慴���獨����整����慴�牡�

phicsu㏄essionandupPer1imitarenothnown

becauseofthecomp1icated£o1dandfau1tstruc-

��慮��獣�捩�潦杵�敦��������

ム〃〃｡功肋刎｡泌50ftheLowerTithonian.

J皿sa秘h&㎜aG亙｡汲pThisGroupisprobab1y

�晥牲�瑯���敲�整慣�畳慮摩�

摩�物��摯�����獨極牡���瑩�畢�

d三videdintothreeformationseachofwhichcon-

������晡��楣����潭�極�杲�渭

����潮���牢潮慣�畳獨��周攀

��灣�敲������������湧

NakaharaFormationwhichisnear1yequiva工ent

totheAratoEormation.Inth三sgroupadiagnos-

ticbiva1vefanu工erepresentedby1切｡∫加αノωα〃ゐα一

㎜伽1･(…bi･･1id),0閉･物価舳脇肋刎1舳,

戸ブ･1･･〃肋㎜･伽･t･.…bund(HAYAM1.

���

乱S倣就igr岬趾｡Co醐Ψ鮒iso皿Amongthe

J鮒assic跳rmぷ｡盟s

TheLowe･Jurassicfo･mationsaredistrib-

畴�潮�楮�敗���卵��琮����敲

hand,theM三dd1etoUpPerJurassicunitsex一
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Table6 stratigraphical　succession　oftheJurassic　System　in　the　Mizunuma　area。

Geo’09’c論ge Forma量ion □『hickness Lithobgy
鮒齢摺e～’⑳始η？ ◎

m
』 Ox炉o耐’8” 騰

漏
Owada　Fm 420 Massfve　or　thlck－bedded

　　　　　　　　　　　　　　　shale
① 臣

亀
亀
為

C∂”oy’翻

88／oc’訓

薗向

叢
晦
邸 Ojima　Fm 20 図assive　coarse　sandstone

o 工
職、
鞠
の
電
、
鞄
、

』
①

個a’e所翻ノ

γ0鐸C’8η

σ
o
葬
o

Mlzunuma　Fm 65
Massive　shale，

　　　　　　　occasional　sandy

蛙
o

‘s’ηe摺解’翻ノ o
認 Coarse　to　medium　sand

蝿
酎e2飴η9ず翻

N
o
一
ぷ

Niranohama　Fm 140－200 　　　　　一stoneてUpPer　part）
Fine　sandstone　and　sandy

ω
？ shale（Lower　part）

Q Uchinohara　Fm 250 Massive　medium　sandstone
目聖隔

り
の
⑩
．鴨

㌔
』 Sandy　shale，slate，sand

lnai　Group Ca．2，000 一stone　and　conglomerate

glomerate　in　parts　and　by五ne－grained　sand－

stone　in　the　lowermost　part。It　contains　abu驚

dant　bivalves　repr鷺sented　by　T7忽oπ」（z5～卿z砂αg膨7α

and．other　trigoniids。AlsoシCμ億llα8α，Moゐol螂，

0柳・勉α，Zπ06醐鵤鰐，σα卿・π6伽，E物1ぎ㈱etc。

were　obtained　fyom　the　lowermost　part　and

Ko勿α伽65，Zgo9πo窺oπ，E’o肋40ηandP肋6α74ガα

倉om　the　upPermost　part　by　HAYAMI（1958）．

　　The　Arato　Formation　is　composed　of　sand－

stone－shale　altemation，1aminated　shale　and

bedded　shale　from　the　base　upward。The

Owada　Formation　consists　mainly　of　bedded

shale．The　sandstone－shale　altemation　is　of

flysch　type　showing　distinct　graded　bedding　and

lamination．The　laminated　shale　is　rich　in　trace

fossils　in　the　Shizugaw＆area。The　Arato　and

Owada　Formations　and　their　equivalents　yield

B司ocian　ammonoids　such　as　L吻o功伽6」63cf。

魏α7伽ぎ，S卿hαπ・66郷hα5h加6π58andOα4・励65

6αη4・ぎ，Ca11・vianK吻16伽（S砂勉・％伽）sp．

andOxf・rdianP6卿h翻83（K7αη卿h励5）
ηzα∫3狐hぢη3認　（KoBAYAsHI，　19471　SATo，　1958，

19621TAKAHAsHI，1969）．Furthermore，Kim－

meridigianamm・n・idssuchasZ4・66燃（？）sp．

are　known　to　occur　in　the　Arato　Formation，in

addition　to　Tithonian　or　earliest　Cretaceous

ammonoids　such　as　B67吻5611α　sp．　and

Ol6・吻hα聯（P）sp．intheHashiuraarea

（KASE，1979）．

　　The　Sodenohama　Formation　possibly　rests

disconfor膿訊bly　on　the　Hashiura　Group　and

c・nsistsd・minantly・f且ne－grainedsandst・ne

intercalated　with　shale．Its　detailed　stratigra－

phic　succession　and　upPer　limit　are　not　known

because　ofthe　complicated　fold　and　fault　struc－

ture　and　the　scarcity　ofしguide　fossils．It　yields

∠4撹1α60ψhガ鰯o劾50f　the　Lower　Tithonian，

　　」題s脇L置m麗Gro腫p　This　Group　is　probably

referred　to　the　Lower　Cretaceous　and　is
distributed　only　in　the　Hashiura　area。It　is　sub－

divided　into　three　formations　each　ofwhich　con－

sists　mainly　ofarkosic　coarse－to　medium－grain－

ed　sandstone　and　carbonaceous　shale．The

Group　covers　unconformably　the　underlying

Nakahara　Formation　which　is　nearly　equivalent

to　theArato　Formation。Inthis　group　adiagnos－

tic　bivalve　fanule　represented　by　Fぎlo5動αブε65αηhα一

彫励（c・rbiculid），伽η・卿鋤磁燃α勉魏56，

P7・♂・6α7伽窺・7露etc，aref・und（HAYAMI，
1960）．

　　4・St臓tig職phic　Co】mpariso豊A］mo皿g　tLe

　　　　恥餓ssicEormati騰S

　　The　Lower　Jurassic　formations＆re　distrib－

utedonlyintheWestemSubbelt．Ontheother
hand，the　Middle　to　UpperJ皿assic　units　ex一
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comparisonoftheJurassicstratainthesouthK且takamiBe1t.

3㏄Om

㈰〰

�〰

t㎝doverboththeWestemandtheMidd1eSub-

���慮���敲�畴��潴�卯����

周�楴�����潭�物�湯晴���牡�楳

shownin亙igure10.亙romthemodeofdeve1op-

浥�潦���慳����瑩潮�整睥���畢�

���楴��敲散���������畢���

werewe11d冊erentiatedduringtheJurassic.

TheJurassic五〇rmationsofthewestem

卵��琬癩種����畧慷愬�獨極牡慮�

Mizunumaareas,showmoreor1esssimi工arver-

瑩���湧�潦��潦慣����潦慣�献周�

�癥�潴牡�杲��癥浥条���睨楣��

����������畧慷���攀

�獨極牡����獰散瑩癥����睥爀

Ju･assicmegacyc1eisabouttwohund･eds

mete･sthickandtheMidd1etoUpPerJu･assic

潮����癥潦��潤������瑩潮

�畧栱�������整敲献周��慴�牡�

�楣�牲�慴楯湯晴��畢��楳獵����楮

��攷�

Assuggested缶｡mthegeo1ogica1mapsofthe

��畧慷�������慳��献��

����獨極牡�����浯�����

摩�物��������畧慷慇�異��步搭

1yover工appingthe1attertowardthewest.Thus,

楴楳湯���������牡�楣�慮���

�潮睡獣潭�牡瑩癥�數����

ontheothe･hand,theJu･assicfo･mationsof

theMidd1eSubbe工tinc1udingtheKarakuwa

andOshikaareasdi伍erin1ithofaciesandsucces-

�潮��浴��潦�敗���卵��琮卵捨

isthecasepa･ticu1ar1ywiththeUpPe･Jurassic

formations.TheJu･assicsequen㏄ofthese

areas,inaddition,issevera1timesasthicヒas
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Fig。10　comparison　of　the　Jurassic　strata　in　the　south　Kitakami　Belt、

tendoverboththeWestemandtheMiddleSub－
beltsシand　further　south　into　the　Soma　area．

The　lithological　comparison　of　these　strata　is

shown　in　Figure10。From　the　mode　ofdevelop－

mentoftheJurassicfbrmationsbetweenthe　sub－
belts，it　can　be　recognized　that　the　two　subbelts

were　well　differenti飢ed　during　the　Jurassic・

　　The　Jurassic　formations　of　the　Westem

Subbeltシviz．，the　Shizugawa，Hashiura　and

Mizunumaareas，showmoreorlesssimilarver－
tical　changes　of　lithofacies　and　biofacies。They

have　two　transgressive　megacycles　which　are

represented　by　the　Shizugawa　and　the
Hashiura　Groups　respectively．The　Lower

Jurassic　megacycle　is　about　two　hundreds

meters　thick　and　the　Middle　to　upPerJurassic

one　exclusive　of　the　Sodenohama　Formation

roughly　four　hundreds　meters．The　stratigra－

phic　correlation　ofthis　subbelt　is　summarized　in

Table7．

　　As　suggested　from　the　geological　maps　ofthe

Shizugawa　and　Mizunuma　areas（Figs．8and

9），the　Hashiura　Group　is　far　more　broadly

distributed　than　the　Shizugawa　Group，marked－

1y　overlapping　the　latter　toward　the　west，Thus，

it　is　noted　that　the　Middle　Jurassic　transgres－

sion　was　comparatively　extensive・

　　On　the　otherhand，theJurassic　formations　of

the　Middle　Subbelt　including　the　Karakuwa

and　Oshika　areas　differ　in　lithofacies　an（i　succes－

sions　from　those　ofthe　Westem　Subbelt．Such

is　the　case　particularly　with　the　UpperJurassic

formations．The　Jurassic　sequence　of　these

areas，in　addition，is　several　times　as　thick　as
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Table7Stratigraphic　correl＆tion　oftheJurassic　System　in　the　Middle　Subbelt。
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the　corresponding　strata　of　the　Westem　Sub－

belt。Special　emphasis　must　be　made　on　the　fact

that　the　Jurassic　strata　of　the　Karakuwa　and

Oshika　areas　bear　resemblance　to　the　Soma

Group　ofthe　Abukuma　region　in　the　lithofacies

and　biofacies　in　addition　to　the　mode　of　their

vertical　changes，a，s　HAYAMI（1961c）　and

MoRI（1963）have　also　strongly　pointed　out．

　　The　sequence　of　arkosic　sandstgne　and　black

shale　in　the　Middle　Jurassic　of　the　Karakuwa

and　Oshika　areas，viz．，the　Kosaba，Tsunaki・

zaka　and　Tsukinoura　Formations　is　well　com・

pared　with　that　ofthe　Awazu　Formation　in　the

Soma　area．The　Ishiwaritoge　Formation　ofthe

Karakuwa　Group　and　the　Makinohama　Mem－
ber　ofthe　Oshika　Group　are　likewise　compared

with　the　Yamagami　and　Tochikubo　Formations

ofthe　Soma　area。These　strata　ofprobably　qx－

fordian　age　are　characterized　by　pebbly　arkosic

sandstone　containing　plant　beds，The　occ皿一

rence　om67ゆhぎ観63and吻oゆho76Jlαis　common

intheMone，OginohamaandNakanosawaFor－
mations．The　arkosic　very　coarse　sandstone　of

the　TomizawaFormation　are　very　thicklybedd－

ed　and　its　weathered　color　is　characteristically

whity．It　is　quite　comparable　to　the　sandstone　of

the：Kogoshio　Formation　and　the　lower　part　of

theAyukawaFormation．The　uppermost　Koya－

mada　Formation，moreover，can　be　correlated

with　the　Isokusa　Formation　and　the　middle　part

ofthe　Ayukawa　Formation　based　on　the　litho1－

ogical　and　faunal　resemblance，The　respective

lowermost　parts　ofthe　Kogoshio　and　Ayukawa

Formations　have　intraformational　conglomer・

ate　composed　of　limestone　pebbles．And　they

can　be　roughly　correlated　with　the　：Koike

limestone　ofthe　Nakanosawa　Formation　in　the

Soma　area．

　　Thus，judging　from　the　similarity　of　the

lithology　and　fossil　content，it　will　be　said　that

theMiddletoUpperJ皿assic　seriesofthe　Soma

area　is　quite　identical　with　that　of　the

KarakuwaandOshikaareasintheMiddle　Sub－
belt，and　consequently　the　Jurassic　correlation

ofthese　three　areas　can　be　summarized　in　Table

8．It　is　considered　that　the　three　areas　were

originally　included　in　one　and　the　same

sedimentary　trough。The　Soma　area，therefore，

w丑IbetreatedinthecapacityoftheMiddleSub－
belt　of　the　South　Kitakami　Belt．

1亙夏．　EAC亙ES

　　Most　oftheJurassic　formations　are　compos－

ed　of　clastic　sedimentary　rocks　with　a　small

quantity　of　tuff　and　limestone。Lithologically，

these　rocks　fall　into　丘ve　facies　groups：sand－

stonesシshales，sandstone－shale　rhythmic　alter－

nati・ns，c・ng1・meratesandcalcare・usr・cksin

order　of　abundance。

　　The　framework　ofclassification　offacies　to　be

presented　in　this　chapter　is　based　mainly　on　the

免atures　of　these　lithologies　in　addition　to　the

SedimentaryStruCtUreS（C・ntainingStrati且Ca－

tion　style）and　fossils．Besides，petrological　and

geochemical　properties　are　available　for　the

recognition　of　facies，as　the　case　may　be・

　　The　classification　of　stratification　according

to　thickness　is　given　in　Table9．

i．S鍛dst艦eFacies
Sandstone，together　with　shale　is　the　main

Table9　Thickness　classes　of　stratification　in　this　study。

1　Bedding

勾Pθofわθ4ゐη9 丁玩oたηθss 乞π oアη

凹asslve－beded（non－repeated）

Very　thick－bedded ｝ ＞ 300

Thlck－bedded 100
『

300

川edium－bedded 30
一

100

Medium　thin－bedded 10
一

30

Thln－bedded 3 ｝
10

Very　thln－bedded 1 ｝ 3
Laminated く 1

2．　Horizotal　stratification

Horlzonta1－bedded

Paralle1嘲1amination

＞

く

3，　Cross－stY、atlfication

Cross甲1amination
Cross－bedding

　Sma11－scale

　岡edlum－scale

　Large－scale

　　＜’4

　　＞　4

4　－　10

10　　　30

　　＞　30
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constituent　rock　of　the　Jurassic　strata　of　the

South　Kitakami　Belt．As　the　result　of　the且eld

and　microscopic　observations，且ve　sandstone－

dominated　facies　are　recognized　as　mentioned
below（Facies　a，b，c，d　and　e）．Facies　c，d　and

e　are　accompanied　by　only　a　small　amount　of

shale　in　comparison　with　the　others．The

classi丘catory　scheme　proposed　by　OKADA

（1971a）isusedbasically飼rthesandst・ne

classi丘cation　in　this　study。Commonly　used

term‘‘arkose　series’フof　sandstone　is　applicable

in　SOme　CaSeS，aCCOrding　tO　PETTIJOHN，S
scheme（PETT】JoHN，1975）．

　　The　grain　size　as　well　as　the　matrix　content　of

the　sandstone　is　quite　variable．It　is　noted　that

poorly　cemented　coarse－to　very　coarse－grained

sandstone　which　is　partly　disseminated　with

granules　occ皿s　commonly　in　the　UpPer
Jurassic　and　Lower　Cretaceous　strata　of　the

Middle　Subbelt。This　sandstonebelongs　mostly

to　arenite　whose　clay　matrix　is　usually　less　than

10percent。As　the　sandstone　contains　more

than　25　percent　of　feldspar　in　genera1，　it

belongs　to　typical　arkose　or　fddspathic　arenite．

：But　a　small　amount　ofquartzose　sandstone　and

quartz　arenite　exist　in　part．On　the　other　hand，

medium－to且ne－grained　sandstone　which　is
rich　in　matrix（more　than15percent），that　isシ

feldspathic　wacke，is　also　commonly　found　in

the　rhythmically　altemating　beds　of　the　Upper

J　　　　　　
　uraSSIC．

　　The　di任erences　of　sandstone－types　mention－

ed　above，especially　in　round　volume　ofmatrix，

will　give　an　important　signi且cance　to　examine

the　sedimentation　of　these　strata．

　　Facies　a3Massive　Coarse－grained　Sand－
　　　　　　　　　　st・ne（c・ntainingmarinebssils）

　　The　massive　coarse－grained　sandstone　ap－

pears　to　be　struct皿eless，but　it　often　shows

cross－bedding（PL皿一2）and　parallel　lamina－

tion．This　typeof　sandstone　is　poor　in　muddy

matrix　to　be　referred　to　arenite　and　is　occa－

sionally　calcareous。Trigoniids，as　a　represen－

tative　of　the　bivalve　fauna，occur　in　the　sand－

stone．

　　Based　upon　the　above－mentioned　features，

sandstone　of　this　facies　indicates　that　the

sediments　were　transportedby　traction　currents

under　a　shallow　sea　environment．

　　This　facies　occ皿s　in　the　Kosaba，Tsuki－

noura，Awazu　and　Nakanosawa　Formations
of　the　Middle　Subbelt，and　also　in　the　Arato－

zaki　and　Ojima　Formations　in　the　Westem

Subbelt．

　　F＆cies　h　Massive　or　Thick－bedded　Medi－

　　　　　　　　　　um－to　Fine－grained　Sandstone
　　　　　　　　　　（Arenite）

　　This　facies　is　similar　in　strati且cation　and

sedimentary　structure　to　the　massive　coarse－

grained　sandstone　noted　above　except　for　the

grain　size．It　should　be　noted　that　the　well－

sorted免1dspathic　arenite　is　very　common　in

this　sandstone　facies　but　does　not　show　graded

bedding　in　spite　of　occasional　altemating　with

bedded　sandy　shales（Facies　g）．This　facies　is

subdivided　into　two　types，namely　Subfacies　bl

and　b2．

　　S痴£acies　bl　shows　the　same　sedimentary

featuresasFaciesaexcept£・rthegrainsize・f
sandstone　and　also　yields　marine　bivalve　fossils．

Thus　Subfacies　bl　sandstone　is　clearly　of

shallow　marine　origin．The　transitional　phase

丘omFaciesaisrecognizedc・mm・nlyinFacies
b1．This　subfacies　is　found　in　the　same　forma－

tions　as　Facies　a　in　addition　to　the　Kogoshio，

Oginohama（Kozumi　M．）and　Sodenohama

Formations．

　　On　the　other　hand，S鴨徒》£認cies　b2does　not　con－

tain　marine　molluscan　fossl／s　and　it　is　dimcult

to　clarify　environmental　conditions　clearly．The

exposures　of　the　subfacies　are　founcl　in　the

Yamagami　and　Tochikubo　Formations　in　the

Soma　area．

　　F縄cies　c：Very　Thick－bedded　Coarse－grain－

　　　　　　　　　　ed　Sandstone　Intercalated　with

　　　　　　　　　　Shale　　（containing　　Plant　fbssil

　　　　　　　　　　beds）

　　This　facies　consists　ofvery　thick－bedded　alter－

nating　coarse－grained　sandstone　and　shale．

Each　bed　measures　from5to30m　in　unit－
thickness　as　shown　in　Figure11．The　sandstone

shows　conspicuous　cross－stratification（：Fig．121

P1・landII）。ltals・c・ntainsex・ticpebbles

and／or　intraformational　shale　clasts　which

measure　a　few　tens　of　centimeters　in　diameter

（Fig。17）．The　compactly　aggregated　shale

一224一
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Fig．11　Thickness　distribution　offining－upward　cycles　in

　the　Makinohama　Sandstone　Member　of　the　Oshika
　Group．These　cycles　are　represented　by　Facies　c1．

…　、．崎、，．党瀬薫書誌窺嚢奏蓼

o 1m

Fig．12　Epsilon　cross－stratif1餓tions　（ぬwer　half　of　the

五gure）andintraf・rmati・nalshaeclastc・ngl・merates

　（upper　half）in　the　Makinohama　Sandstone　Memaber

　of　the　Oshika　area．Dotted　area，sandstonel　black　area，

　shale．

clasts　are　occasionally　recognized　as　intraforma－

tional　conglomerate　beds。Shale　is　generally

gray　to　dark　gray　and　partly　black，and　yields

plant　fossils，thus　being　very　similar　to　that　of

Facies　h．Furthermore，the　shale　of　Facies　c

contains　occasional　intercalations　of　carbona－

ceous　or　coaly　shale．

　　Based　on　the　mode　ofvertical　grading　within

a　single　unit　bed　of　sandstone，Facies　c　is　sub－

divided　into　two　subfacies　as　follows．

　　S腿b蝕cies　c1：This　subfacies　is　characterized

bythatthe　sandstonebed．becomes　upwardfiner
grained　and　finally　grades　up　into　the　shale　bed，

The　bottom　surface　ofsandstone　bed　shows　con－

temporaneous　erosional　struct皿es　and　its　basa1

part　consists　of　intraformational　conglomerate

lessthanlmthick．Thecross－strati且cation
within　a　sandstone　bed　tends　to　decrease　up－

ward　in　scale　from　large－scale　cross－bedding

through　sma11－scale　cross－bedding　to　ripple－

drift　cross－1amination．

　　The　carbonaceous　shale　interbeds　yield　many

plant　fossils．There　are　occasionally　thin　inter－

calations　o伍ne－to　medium－grained　sandstone

in　the　shale　ofSubfacies　c1。The　sandy　intercala－

tions　showwel1－developedlamination　ofvarious

kindssuchasparallelandwavylaminations
and　ripPle－drift　cross－1amination。

　　S聰b蝕cies　c23This　subfacies　is　characterized

by　alternation　of　sandstone　and　shale，in　which

sandstone　below　pass　abruptly　into　sh＆1e　above。

Largre－scale　cross－bedding　is　often　found，but

sma11－scale　cross－bedding　or　cross－lamination　is

uncommon．The　shale　is　similar　to　that　ofSub一

£acies　c1，butlaminations　andthin　sandy　interca－

tions　are　worse　developed　therein。

　　Ofthese　two　subfacies（cl　and　c2）シFacies　cl　is

probably　attributable　to　me＆ndering　river
deposition（TAKlzAwA，1975，1976）．A　part　of

Facies　c2was　considered　by　the　writer（op．cit．）

to　have　accumulated　in　a　sandy　belt　along　the

coastal　line，but　is　now　regarded　as　inclu（iing

also　deposits　under　distributary　and　inter－

distributary　environments　as　will　be　discussed

later．

　　The　sandstone　of　the　above　two　subfacies　is

very　common　in　the　Ishiwaritoge（in　the

s・uthempart・fits・utcr・parea），K・9・shi・，

Oginohama（Makinohama　Sandstone），Ayu－
kawa（Kiyosaki　Sandstone），Tochikubo　and

Tomizawa　Formations　of　the　UpperJurassic．

　　賑cies　d：Bedded　and　Laminated　Fine－to

　　　　　　　　　　Medium－grained　Sandstone　In－

　　　　　　　　　　terbedded　wi‡h　Shale（containing

　　　　　　　　　　Plantbeds）

　　The　sandstone　bed　generally　has　conspicuous

stratification　represented　by　association　of

smaller－scale　cross－bedding　and　cross－lamina－

tion　（PL　II－1B）　either　of　which　is　well

developed　according　to　grain　size．The　sand－

stone　is　mainly　referred　to　arenite．This　facies

apPears　to　have　no　features　of　flysch－type　se－

quence　in　spite　of　the　sandstone　being貸equent一
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1y　intercalatedwith　shale．There　are　many　cases

of　Hning－or　thinning－upward　and　some　of
reversecases（PL　II－1A）．Thisfacieshasinpart

coaly　shale　and　plant　fossil　beds．

　　Facies　d　is　considered　to　be　mixed　load（trac－

tion　and　suspension）deposited　under　a　non－

marine　environment　based　on　its　close　associa－

tion　with　Facies　c　which　has　no　marine　indica一

tion。

　　The　Tochikubo　Formation　and　the　Sakagu－

chiirizawa　Sandstone　Member　include　a　large

amount　of　this　facies，

　　臨cies　e3Thick－to　Medium－bedded　Medi－
　　　　　　　　　　um－grained　Sandstone（wacke）

　　This　facies　consists　of　relatively　thick　sand－

stone　beds　associated　with　Facies　j　represented

by　flysch－type瓠temation．The　sa，ndstone　bed　is

usually30to300cm　thick（PL　IV－3〉and　occa－

sionally　attains　several　meters　thick．Composite

bedding（Fig．13）is　very　common．Sandstone

of　this　facies　consits　mostly　ofwacke，of　which

matrix　makes　up13to20percent　of　the　total

volume　ofthe　sandstone．The　sandstone　is　com－

monly　massive　and　structureless，but　shows　ap－

preciable　parallel　lamination　and　poorly　graded

bedding．Dish　structure（PL　V－3）is　characteris－

tically　observed　only　in　sandstone　beds　of　this

facies（m・rethan15percent・ft・talsandst・ne

！ζ論マ減“一’

Fig，13　Composite　sandstone　beds　of　the　Kitsunesaki

　SandstoneandShaleMember，Oshika．Gradedbedding
　is　well　developed　in　the　uppermost　part　of　each　bed．

　Each　arrow　indicates　a　single　graded　unit。
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beds：Fig．14）．Channel　structure　and　intrafor－

mational　shale－clasts　conglomerate（：PL　VIII－

2）are　sometimes　observed　in　the　sandstone．

　　The　sandstone　of　this　facies　has　no　evidence

of　traction　current　activity　and　shallow　water

origin。From　this　combined　with　the　sedimen－

taryfeatures，Facieseisre免rablet・th“Hux・tur－

bidite　（DzuLYNsKI6」α1．シ195gl　STANLEY　and

UNRuG，1972）．It　is　suggested　that　highly　con－

centrated　sands　accumulated　in　a　condition　of

rapid　transportation　and　deposition　in　relative－

1y　deep－Water。This　facies丘equently　occurs　in

the　upper　part　ofthe　Mone　Formation　and　the

Oginohama　Formation（Kitsunesaki　and　Fuk－

kiura　Members）。

sedimentary　rocks，and『uantitatively　most　im－

portant　are　the　two　polymorphs　of　FeS2，i．e．

pyrite　and　marcasite。He　also　points　out　that

marcasite　is　wide－spread　in　fresh　water，coa1，

peat　and　swamp　environments　which　are　acid

in　nature，while　pyrite　is　abunda．nt　in　marine

sediments　that　provide　a　neutral　or　alkaline．

　　The　distinctive　marine　black　shale　in　the

Jurassic　ofthe　South　Kitakami　commonly　con－

tains　且ne－grained　pyrite　with　a　little　ag－

gregative　pyrite（nodule－1ike），while　probable

non－marine　gray　shale　rarely．The　shale

samples　from　the　Jurassic　of　the　South

Kitakami　treated　in　this　study　were　analyzed

for　sulfur　and　carbon　contents．The　sulfhr　was

　　2．S臨le翫cies

　　There　are　several　characteristics　relating　to

stratification，　granularity，　fossils　and　color

tones　in　the　shales　of　theJurassic　system。The

shale　of』one　type　is　usually　black　and　contains

marine　fossils　such　as　bivalves　and　ammonites
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　7

aboun（iing　in　iron　sulfides。The　other　type　of

shale　is　gray　to　dark　gray　and　sometimes　black，

its　color　tone　being　very　variable　from　horizon

to　horizon　within　a　shale　sequence．In　the　shale

ofthelattertype　no　marine　fossils　occur，but　oc－

casionally　plant　fossils　are　found。Concerning

slaty　cleavages，the　shale　of　the　former　type　is

often　broken　into　very　thin　leaves　along　the　sla－

ty　cleavages，whereas　the　latter　breaks　into

blade　Hakes　or　irregular　and　angular　granules

in　many　cases。Therefore，the　two　types　ofshale

are　clearly　di伍erent　from　each　otherフand　it　is

considered　that　the£ormer　is　of　marine　origin，

while　the　latter　is　of　non－marine　origin．

However，di伍cult　problems　remain　to　deter－

mine　the　origin　uniquely。

　　According　to　KEITH　and　DEGENs（1959）and

ITIHARA　and　ITIHARA（1971），sulfhr　content　is

di伍erent　between　marine　shale　and　non－marine

one．The　latter　authors　concluded　that　the

marine　clay　of　the：Plio－Pleistocene　Osaka

Group　is　distinguished　by　containing　much
sulfur　and　pyrite（FeS2）f士om　the　fresh－water

clay．According　to：DEGENs（1965），about30

different　sulfides　are　known　to　be　present　as

authigenic　low　temperature　minerals　in

Table10　Contents　oftotal　sulfhr　and　total　carbon（％）in

　the　Jurassic　and　cretaceous　shales　of　the　oshika　area．

　Based　on　the　preliminary　analyses　of30samples，most

　of　total　carbon　is　regarded　as　organic　carbon．Numcral

　in　parenthesis　shows　number　of　samples．

⊆
0
5

Tota1 carbon Tota1 sulfur
酊

E
』

Member
Sta齎d Sta雌dπd

o Mean Mean
』 de▽iation de▽i就iQn

Futawatashi凹b
Ft　（4） 0，678 O，161 0，232 0，164

出
κobl　tawatash1

窪耐

箆く

Kb　（7）　Mb 0，604 0，151 0，470 0，322

Kiyosak1岡b
Ky　（27） 0，902 1，233 0，058 0，024

Fukki　ura　Mb

歌　　（9） 0，747 0，200 0，121 0，122

κozumi図b
出 K2　（10） 0，668 0，388 0，193 0，118

匿
』
o 岡aklnohama　Mb

肩
9

Mk　（31） 1，267 1，408 0，073 0，031

KI　tsunesaki図b
Kt　（10） 1，266 0，597 0，244 O，327

Samural　hama　Mb
σ3

鉱
o

Sn　（6） 0，991 0，194 0，487 0，240

属
曽
の

Tsuki　noura　凹b
白 Kd 一 一 一 一

撫ine　type　　（23）
　（K乞，段n，Kb）

0，733 0，265 0，354 O，212

Flysch　type
　（耽，R，Kt）（23） 0，961 0，294 0，194 0，218

飢1uvial　type　（58）
　（Ky，Mk）

1，097 1，327 O，066 0，028
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Fig・15Relation　between　total　carbon　and　total　sulfur　inJurassic　and　cretaceous　shales　ofthe　oshika　Group．Most　of

　total　carbon　is　regarded　as　organic　carbon．For　abbreviations　of　stratigraphic　units　as　given　in　Table10．

analysed　by　the　coulomatic　titration　analyzer

（VK－3B）and　the　carbon　by　the　CHN　coder．

The　results　of　the　chemical　analysis　are　shown

in　Table10and　Figure15．

　　The　total　carbon　content　ofthe　marine　shale

greatly　differs　from　that　ofthe　non－marine　one，

particularly　in　the　dispersion　of　the　analyzed

values．This　supports　the　writerラs　classification

ofthe　shales　into　ma血e　and　non－ma血e　types

based　on　the　field　observations．

　　The　shale　of　marine　deposits　contains　O。5to

1。O　percent　carbon　an（i　this　value　is　confined　to

a　narrow　field　of　variation．On　the　other　hand，

the　carbon　content．of　the　non－marine　shale

varies　widely　from　O。1to5percent　with　more

than10percent　inthe　coaly　shale　samples。In　ac－

cordance　with　the　color　tones，the　black　or　dark

gray　shale　has　a　larger　amount　of　carbon，

whereas　the　gray　shale　have　less　than　O，5per－

cent　carbon．

　　There　is　also　a　great　difference　in　sulfur　con－

tent　between　the　two　types　of　shale．The

mollusca－bearing　marine　shale　have　more　than

O．1percent　of　sulfur，while　the　non－marine

shale　contains　less　than　O．1　percent，The

average　values　ofthe　two　types　ofshale　dif6er　by

a　magnitude　of　about5。4。This　is　very　close　to

the　magnitude　of6．1which　was　estimated　by

KEITH　and　DEGENcE（1959）£or　the　shales　from

the　Carboniferous　of　the　Appalachian　in　the

United　States．

　　The　results　of　these　analyses　show　that　the

discriminations　between　marine　and　non－

marine　shales　based　on　the丘eld　observations

especially　on　color　tones　of　shale　beds　and

cleavage　flakes　is　of　significant　value　and　is　in　ac－

cordance　with　the　geochemical　considerations。

Generallyシthe　estimation　of　marine　or　non－

marine　shale　from五eld　observation　is　most

valuable　in　determining　depositional　environ－

ments．

　　The　shales　of　the　Jurassic　treated　in　this

study　are　classified　into　the　following　four　facies

based　on　the　lithological　fbatures，fossils　and

geochemical　properties．

　　盈acies」f3Be（ided　black　shale　（containing

　　　　　　　　　marinef・ssils）

　　This　facies　is　a　typical　marine　shale　facies

and　consists　of　monotonous　rocks，which　yield

bivalves　and　ammonites．Lamination　of　sand一
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mizawa亙｡rmationsintheSomaarea.A1socar-

bonaceoussha1ewhich,herede丘ne(1,contains

organiccarbonmorethan3per㏄ntandp1ant

止agments,isinsertedintothemanybedsofthe
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stone　or　siltstone　is　generally　poor，but　there　is

a　development　of　lamination　in　very　restricted

areas．The　calcareous　nodule　in　the　bedded

black　shale　measures5to10cm　in　tangential
diameter　and　up　to80cm　in　maximum（P1．

VIII－3）．Strati且cation　is　generally　well　visible，

but　is　occasionally　obscure，being　even　im－

perceptible　under　the　　influence　　of　slaty

cleavages。This　facies　generally　occurs　as　fairly

thick　sequences　ranging　in　thickness　from100

to650m．
　　The　absence　of　any　features　indicative　of』cur－

rent　activity　combined　with　the　fine－grained

nature　ofthe　sediments　suggests　that　the　facies

was　deposited　largely　from　suspension　in　a

qUiet　Water　enVirOnment．

　　This　facies　is　found　in　the　Tsunakizaka　For－

mation，thelowerpart　ofthe　Mone　Formation，

the　Samuraihama　Shale　and　Kozumi　Shale

Members　ofthe　Ojika　Group，the　Awazu　For－

mation，the　Arato　Formation，the　Owada　For－

mation　and　the　Hosoura　Formation．

　　臨cies　g：Massive　Sandy　Shale（containing

　　　　　　　　　　ma血ef・ssils）

　　The　massive　sandy　shale　is　similar　to　the

shale　ofFacies　f，but　it　differs　from　the　latter　in

its　coarser－grained　and　poorly　sorted　silty　or

very　Hne　sandy　nature．The　massive　sandy
shale　is　generally　black　or　dark　gray，　struc－

tureless　and　is　very　poor　in　laminations　and

stratifications。The　slaty　cleavage　of　this　sandy

shale　is　poorly　developed　in　comparison　with

that　of　Facies　f　shale．

　　Ma血e　bivalves　are　abundant　in　this　shale

and　also　various　kinds　of　vertical　and　oblique

burrows　frequently　occuL　The　inky　black　shale

become　reddish　brown　on　their　weathering　sur－

face，and　pyrite　grains　which　are　sometimes

made　ofnodule－1ike　aggregative　pyrites　are　com－

monly　contained　in　this　shale　facies，Laterally

or　vertically，the　massive　sandy　shale　easily

changes　to　somewhat　carbonaceous　shale　in　the

Westem　Subbelt。
　　It　seems　unlikely　that　sediments　can　be　mov－

ed　as　bed　load，without　ripple　formation
（SIMoNs6診α1．シ1965）though　sediments　contain

some丘ne　or　very　fine　sands，From　the　absence

of　c皿rent－formed　structures，the　sediments　of

Facies　g　were　deposited　from　suspension，and

probably　originated　from　a　higher　concentra－

tion　of且ne－grained　sediment　and　ofmore　prox－

imal　deposition　than　the　sediments　of　Facies£

Facies　g　as　a　whole　is　regarded　as　the　transi－

tional　facies　between　Facies　f　and　Facies　b．

　　This　facies　occ皿s　in　the　same　fomations　with

Faciesf．

　　Eacies　h　Massive　or　Bedded　Gray，Partly

　　　　　　　　　　Black　Shale　（containing　plant

　　　　　　　　　　fossil　beds）

　　This　shale　facies　is　similar　in　grain　size　to

Facies　f，but　dif旧ers　from　the　latter　in　its　color

tones　and　the　lack　of　marine　fossils．It　is　gray　to

dark　gray，We11－preserved　plant　fossils　are

found　in　the　bedded　or　laminated　shale．The

massive　shale　is　clayey　in　some　places　andyields

less　plant　fossils。

　　The　shale　of　this　facies　is　usually　placed

above　and　below　either　Facies　c　sandstone，or

Facies　d　sandstone　in　contact　with　the　two　sand－

stone　facies。Occasionally，the　facies　has　sandy

or　silty　intercalations　which　show　ripple－cross－

1amination　and　parallel　lamination．As　the

result　of　much　increasing　of　the　intercalations，

the　facies　grades　into　Facies　d。The　sulfhr　con－

tent　of　this　shale　is　low　and　pyrite　micrograins

which　are　well　known　to　be　commonly　included

in　marine　shale　are　also　few．

　　Thus　this　shale　is　recognized　as　being　ofnon－

marine　origin。The　lack　of　current　structures

suggests　that　the　facies　was　deposited　mainly

from　suspension．The　sandy　intercalations　and

fluctuations　in　grain　size　probably　reflect　sedi－

ment　supplies　which　were　related　to　Hood　cur－

rents　or　climatic　factors　on　the　land．This　facies

mostly　occurs　in　the　strata　a司。acent　to　Facies　c

sandstone　as　beds　which　are　Iess　than　several

tens　of　meters　thick．

　　Coal　seams　in　this　facies　are　found　at　the

several　horizons　of　the　Tochikubo　and　To－

mizawa　Formations　in　the　Soma　area．Also　car－

bonaceous　shale　which，here　de且ned，contains

organic　carbon　more　than3percent　and　plant

fragments，is　inserted　into　the　many　beds　ofthe

above　two　formations　added　to　the　Kogoshio，

Oginohama　and　Ayukawa　Formations．E琴一
amples　of　the　occurrence　of　the　carbonaceous
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sha1eareshownin一別gure28.
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shale　are　shown　in・Fig皿e28．

　　聖acies　i2Laminated　Shale

　　This　shale　has　a　great＆mount　ofsandy　or　si1－

ty　lamina　to　show　a　streaky　apPearance　in　the

丘eld，and　includes　frequent　intercalations　more

than　l　cm　thick　as　we1L　Graded　bedding　is　seen

in　some　intercalations　but　not　in　others．The
　　　　　　　　　　　　　　　　　　　，

1aminated　shale　is　subdivided　into　the　following

three　subfacies　on　the　basis　of　sedimentary

免atures　such　as　intemal　sedimentary　structure，

thickness　of　streaks　or　intercalations　and　sand－

mud　ratio。The　rapid　interbedding　of　dif6erent

rocktypes　on　a　sma11（cm－dm）scale　is　f士equent－

1y　observed．

　　S腿b飴c量es　i13Thinly：Laminated　Shale

　　This　shale　has　a　great　number　ofsandy　or　sil－

ty　intercalations　which　are　generally　less　than　l

cm　in　thickness．Interc飢ations，several　milli－

meters　thick，are　very　commonly　observed　in

this　shale。Therefore，this　shale　shows　a　very

streaky　appearance．This　streaky　bed　frequent－

ly　shows　p昇rallel　lamination　or　graded　bedding，

but　cross－lamination　is　ratherpoorly　developed．

　　Subfacies　il　can　be　subdivided　into　two

varieties　on　the　basis　of　bedding　features　as

shown　in　Table　lL　One　variety，Subfacies　i1、is

characterized　by　very　thinly　and　very　closely

developed　silty　streaks　embedded　in　shale。It　is

predominant　in　paralleHamination，but　does

not　always　show　graded　bedding。In　the　other

variety，Subfacies　ilb，the　intercalations　are　com－

paratively　Iess　close　than　those　of』Subfacies　i1、

and　　usua輩y　　display　　gra（ied　　bed（iing．　In

thickness　and　grain　size　the　streaks　in　Subfacies

i1、are　inferior　to　the　intercalations　in　Subfacies

ilb。It　frequently　occurs，however，that　these

two　varieties　resemble　considerably　each　other

and　then　the　discrimination　between　both

Table　ll　Classi丘cation　and　sedimentary　features　oflaminated　shales。

Laminated　　Shales
FEATURES

Subfacies　i1，var．a Subfacies　i1，var．b Subfacies　i2

Interval　of　streaks Very　close
　　（a免w－10mm圭ntervals）

Close　or　wide
　　（1－5cm　inte脚als）

Wide
　　（5－15cm　intervals）

Thickness　of　sandy　or　silty Few　to10mm Several　to10mm 10－30mm
intercalatiOnS

Bedding琵ature Well－developed　parallel Faintly　parallel　lamination， Well－developed　cross－1amina一

laminatiOn　OCCasiOnally usually　sharp　based tion　subordinate三y　with
with　very　small　cross一 parallel　lamination
1amination

Graded　bedding Occasion田ly　observed Commonly　observed nOn－exiStent

Grain　size　of　intercalations Mostly　silt，with　a　small VeW丘ne－grained　sand　and Fine　to　very且ne－grained

amount　ofvery丘ne一 coarse　silt sand
grained　sand

Accompanied　lithofacies Fluxoturbidite　and　turbidite Sporadic　turbidite　sandstone Fluxoturbidite　and　turbi（iite

sandstone，laminated　shale sandstone
ofSubfacies　i2type

Ripple　marks non－existent few　or　no abundant

Sole　marks non－existent few few　or　no

Characteristic　trace　fossils Choπ観ご65 C・鍛・7hψh8，物‘・吻h・π ZOO吻605
魏oπ676露65

Interpretation Suspension　currents　deducecl Dist滋turbidity　currents Bottom　tractional　currents

from　storm　Hood　and　tide
　　　　　　　　｝

Example　ofoutcrops Mone　Formation（southern
facies）

Mone　Formation（northem
魚C圭es）

Mone　Formation（southern
facies）

Fukkiura　Member Lower　part　of　Arato　Forma一 Fukkiura　and　Kitsunesaki

Niranohama　Formation tion Members
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varietiesisratherdi冊｡u1tin丘e1d.Therefore,

��摩�潴��楴���数�慴�数楣瑩潮潮

theco1umnars㏄tions.Subfaciesi1,iscon-

sideredtobedepositsprobab1ydeduced缶｡ma

且uctuatedsuspensioncurrent,whereasSub-

faciei1badista1partofturbiditycurrent.亙1uc-

tuationsofthe£ormertypecurrentmayhave

b㏄ncausedbystorms,tides,orvariationsin

riverdischargeasmentionedbyDeRAAF〃αZ.
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����

周楣止��晴��楮��浩������攀

�������楮���敲�牴潦��牡瑯
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���敲��獵�慣���潭整業�楮�牴�
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�敗���卵��琮
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卡��潮��敲�
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卵�慣���周��慮�楮���慴楯��攀

usua亘豆y工to3cmthickandarethickerthan

thoseofSub危｡iesi1(Tab工e11).Theyoccur

���楣��楮����慮����慰�

pearanceofstrea良ysha1e(P1.V-1A).Mostof

���敲��瑩潮��督����楮慴楯��
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varieties　is　rather　di伍cult　in　field．Therefore，

they　did　not　permit　their　separate　depiction　on

the　columnar　sections．Subfacies　i1、is　con－

sidered　to　be　deposits　probably　deduced　from　a

Huctuated　suspension　current，whereas　Sub－

facie　ilb　a　distal　part　of　turbidity　current。Fluc－

tuations　of　the　former　type　current　may　have

been　caused　by　storms，tides，or　variations　in

river　discharge　as　mentioned　by工）e：RAAF認α1。

（1965），READING　（1970）　and　TAKIzAwA
（1975）．

　　Thick　beds　of　the　thinly　laminated　shale　are

typically　found　in　the　lower　part　of　the　Arato

Formation　andthe　Mone　Formation．This　sub－

facies　often　altemateswithFaciesj　to　form　sand－

stone－shale　rhythmic　altemation（P1。V－2）。

Moreover，the　subfacies　is　sometimes　inserted

in　Facies　b　and　in　Facies　f　represented　by　bed－

ded　shale　of　the：Lower　Jurassic　formations　of

the　Westem　Subbelt．

　　S盟b蝕cies　i2言Shale　Intercalated　with　Thin

　　　　　　　　　　　　　Sandstone　Layers

　　This　type　of　shale　is　characterized　by　f士e－

quent　intercalations　of　thin　very　fine－to且ne－

graind　sandstone　in　black　shale　as　in　the　case　of

Subfacies　i1．These　sandy　intercalations　are

usuai璽y　l　to3cm　thick　and　are　thicker　than

those　of　Subfacies　i1（Table11）．They　occur

rhythmically　in　the　shale　and　show　the　ap－

pearance　ofstreaky　shale（PL　V－1A）．Most　of

the　intercalations　show　cross－1amination　and

paraUel　lamination．The　intercalations　occ皿

generally　at　intervals　ofover3cm．Sometimes，

there　are　sporadic　intervals　of10cm。There－

fore，the　subfacies　is　similar　to　Facies　j2mark－

ed　by　thin－bedded　shale－sandstone　alternationラ

but　can　be　distinguished　from　the　latter　by　the

absence　of　graded　bedding・

　　The　subfacies　forms　a　part　ofthe　Hysch　facies

association　mentioned　later．The　thickness　of

a　single　unit　of　this　subfacies　is　generally　O・5

to10m，rarely　up　to　about20m。In　a　flysch

type　sequence　of　the　Fukkiura　Member　at

Koamik皿a　in　the　central　part　of　the　Oshika

　area，this　subfacies　occupies　about70percent　of』

the　total　thickness．This　subfacies　is　regarded　as

averyc・nspicu・us・runiquefaciesasc・m－
pared　with　the　Hysch　type　sequences　of　many

other　areas　in　Japan，

　　The　origin　of　the’cross－1aminated　sandstone

layers　within　the　subfacies　could　either　be　bot－

tom　tr，actional　currents　or　t皿bidity　currents・It

should，however，be　noted　that　the　thin　sand－

stone　layer　sometimes　ha＄current　ripPle　marks

of　lingoid　or　undulatory　type　on　its　top　surface

（PL　V－1B），particularly　where　it　has　sharp　con－

tact　with　the　overlying　shale，and　that　the

distribution　p段ttern　of　the　grain－size　analysis　is

di任erent　f士om　that　of　cross－1amination　in　tur－

bidite　as　mentioned　later．

　　The　subfacies　is　contained　as　a　supplemental

facies　ofthe　Mone　Fomation，the：Kitsunesaki

Member　and　the　Fukkiura　Member．
　　S曲£acies　i3：Sandy：Laminite（sandstone　in－

　　　　　　　　　　　　　terlaminated　with　shale）

　　The　sandy　laminite　is　laminated　rocks　con－

sisting　ofdominant　volume　ofcross－or　parallel

laminated　sandstone　or　coarse　siltstone　as

against　Facies　i1．Generally，this　subfacies　oc－

curs　as　an　intercalation　within　Facies　c　or

Facies　d（P1．II－1B）．But　theJurassic　contains　a

small　quantity　of　this　subfacies。This　is　largely

distributed　in　the　Cretaceous　marine　strata　in

the　Oshika　area　and　the　writer　once　designated

this　subfacies　as‘‘Sandstone　interlaminated

with　shale，，（TAKlzAwA，1975）．This　subfacies

is　distributed　rarely　in　the：Lower　Jurassic　for－

mations　ofthe　Westem　Subbelt．

　　The　sandy　laminite　should　be　classi且ed　as

sandstone　in　terms　of　facies，but‡t　is　tentatively

classified　as　the　shale　in　this　paper，because　of

being　similar　to　other　laminated　shale　facies　in

sedimentary　features。

　　3．S罎dsto盆e－SL魏e　A且te臨atio塾Facies

　　恥cies　j。Medium－to　Thin－bedded　Sand－

　　　　　　　　　stone－Shale　Altemation

　　This　facies　consists　ofthe　flysch－type　altema－

tion　accompanied　by　marine　beds　with　a　sma工1

amount　of　bivalves　and　ammonites．It　shows

graded　bedding　and　a　me（iium－to　thin－bedded

and　rhythmic　appearance．Each　sandstone
layer　is　marked　by　a　sharp　base　occasionally

with　sole　marks，and　commonly　ranges　in

thicknessfr・mlt・150cm（Fig．16）．Based・n

the　ratio　of　sandstone　and　shale，the　alternation
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�潮敢�獣潮��潦�潴潴桲��摩浥�慴楯�
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is　subdivided　into　two　subfacies　as　follows。

　　S鋪》蝕cies　j1：Sandstone－shale　Altemation
　　　　　　　　　　　　　（sandst・ned・minant）

　　S腿賦麗cies　j2＝Shale－sandstone　Altemation
　　　　　　　　　　　　　（shale　dominant）

　　In　the　case　of　thin－bedded　alternation，shale

is　dominant　over　sandstone（PL　IV－1）シwhile

sandstone　is　dominant　in　medium－bedded　alter－

nation　（P1．IV－2），The　sandstone　shows

distinct　graded　bed（iing　and　characteristic　inter－

nal　sedimentary　structures　of　the‘‘Bouma　se－

quence”（BouMA，1962）as　shown　in　Table12．

The　complete且ve－fbl（i　Bouma　sequence（T　a－

e）consists　of　a　lower　division（Ta）which　is

usually　graded　or　massive，overlain　by　a
parallellaminated　division（Tb），intum　fbllow－

ed　by　a　ripple　cross－1amination　division（Tc）

which　occasionally　displays　convolute　Iamina－

tion．The　topmost　two　divisions（Td　and　Te）

are　seldom　separable　in　outcrop。Not　all　sand－

stone　beds　display　the　complete　sequence，and

bottom　truncation　ofthe　sequence　is　most　com－

monasgiveninTable12．Agivensandstone
bed　begins　with　the　lower　parallel　Iamination

division　or　even　with　the　ripple　cross－laminated

division。Sole　marks　are　occasionally　recogniz－

ed　and　trace　fossils　are　commonly　found　in　the

altemation。Also，this　facies　altemates　with
Facies　il　and　i2（Pl．V－1シ2）．Some　ofthe　sand一

stone　beds　consist　oftwo　to　three　sedimentation

units　to　show　composite　bedding．This　com－

posite　bedding　occurs　at　maximum　rate　of10

percent　in　the　sandstone　beds　of　this　facies．

　　The　sandstone　consists　of　medium－to且ne－

grained　sand　material　and　belongs　to　wacke

（matrix：15－35％）．The　matrix　is　generally

composed　of　sericite　and　clay　minerals　and

sometimes　is　very　limy，The　sandstone　occa－

sionally　contains　fossil　wood　fyagments　about

80cm　in　maximum　length　and　defaced
molluscan　f士agments（P1．VIII－1）．

　　The　fact　mentioned　above　indicates　that　most

of　the　sandstone　beds　constituting　the　facies　are

consi（iered　to　be　turbidite．On　the　other　hand，

most　of　the　shale　beds　are　considered　to　be　of

the　same　origin　as　Facies　f，but　some　others

could　be　formed　by　turbi（iity　currents。

　　This　facies　is　developed　in　the　upper　part　of

the　Mone　Formation，the　Kitsunesaki　Sand－

stone　and　Shale　Member，the　Fukkiura　Shale

and　Sandstone　Member　and　the　lower　part　of

the　Arato　Formation，but　can　not　be　observed

in　the　Mizunuma　and　Soma　areas．

　　Graded　Bedding

　　Graded　bedding　is　usually　recognized　in　the

sa，ndstone　beds　of　Facies　j，The　sandstone　is

generally　medium－grained　and　sometimes且ne－

grained，The　lowermost　part　of　graded　sand一
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Table三2Relationshipbetweensequencetypeand1ayerthicknessintheFukkiuraSha1eandSandstoneMemberofthe
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Table12R．elationship　between　sequence　type　and　layer　thickness　in　the　Fukkiura　Shale　and　Sandstone　Member　ofthe

　Oshika　area，Numerals　in　parentheses　indicate　the　number　of　dish　structure　bearing　beds。Sequence　types　refer　to

　BouMA，s　sequence　typel　Ta：massive（graded）sandstone　division，Tb：lower　parallel　laminated　sandstone　division，Tc：

　cross－laminated　sandstone　division，Td：upPer　parallel　laminated　siltstone　division。

Westem，Fukkiura　Section

Thickness
　in　cm

Number
of　beds

No　grad至ng
（massive） Ta

Tabc，
abcd Tab，abd Tac，ad Tbc，bcd Tb，bd Tc，cd，d mud－conglo。

0－1
一 一 一 一 一

一　　　　　　　　　　　　　　　　　　一

一
1－3 427

一 4 一 一 一 6 7 410

3－6 148 5 22 1 14
一

27 24 55

6－10 65 2 16 ヰ 4 2 21 9 4 3
10－30 150 34（5） 29 31 9 7 25 8 3 4
30－60 66 21（1） 14 14 13 1 一 1 一 2
60－100 18 11 2 3 2 ｝ 一 『 一

100－300 31 18（6） 7 2 2 2 一 一 一
300－600 5 5（3）

一 一 一 一 一 一 一

600－1000 1 1 一 一 一 一 一 一 一

Total 911 97（15） 94 55 44 12 79 49 472 9

Eastem，Tomari　Section

Thickness
　in　cm

Number
of　beds

No　grad圭ng
（massive）

　　Ta
（maSS．）

Tabc，
abcd Tab，abd Tac，ad Tbc，bcd Tb，bd　Tc，cd，d mud－conglO、

0－1
一 一 一 一 一 一 『

1－3 375 2 8 一 一 一 6 2　　　357

3－6 158 6 17 3 7 3 51 9　　　62 2
6－10 82 7 9 4 4 2 40 3　　　　13

10－30 121（6） 29（5） 17 19（1） 12 1 28 11　　　　4 4
30－60 55（2） 25（2） 13 13 3 1 一

一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一 3
60－100 34（6） 26（6） 5 3 一 一 一

一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一

100－300 28（5） 20（5） 5 3 一 『 一
一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一 1

300－600 6（1） 5（1） 1 一 一 一 一
一　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　一

Total 859（20） 120（1g） 75 45 26 7 125 25　　　436 10

stone　bed　is　composed　ofvery　coarse－or　coarse－

grained　in　some　cases，In　such　cases　the　bottom

surface　of　the　sandstone　bed　is　remarkably

uneven　because　ofthe　occurrence　ofsole　marks．

The　graded　beds　intercalated　in　Facies　fgeneral－

1y　show　an　uneven　bottom　s皿face。

　　The　degree　of　the　development　of　grading　is

di伍erent　among　the　fo皿且ysch－type　formations

of　the　Jurassic　mentioned　earlieL　The　graded

bedding　observed　in　the　lower　part　ofthe　Arato

Formation　is　ofstraight　type　showingarelative－

1y　consistent　grading　from　the　bottom　upward．

Faciesj　inthe　FukkiuraMemberandthe　Mone
Formation　shows　complete‘‘Bouma　sequence”

（Table12），but　division　Ta　ofthe　sequence丘e一

quently　shows　crude　or　obscure　grading，while

clear　grading　is　generally　observed　above　divi－

sion　Tb．

　　The　sandstone　bed　　of　the　K．itsunesaki

Member　is　thicker　and　worse　laminated　than

thatoftheAratoandtheMoneFormations　and
the　Fukkiura　Member．Therefore　in　the　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

：Kitunesaki　Member　a免w　complete　Bouma　se－

quence　can　be　observed　and　the　sandstone　com－

monly　consists　ofdivision　Ta　or　Tab．Genera1－

ly，　the　sandstone　bed　of　the　Kitsunesaki

Member　frequently　shows卜composite　bedding

compared　with　that　ofthe　other且ysch－type　for－

mations．

　　Convolute　lamination　exists　in　graded　beds
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with　considerably　high　appearance　rates。It　is

abundant　in　graded　beds　of　the　sequence　type

Tabcd　or　Tabc．The　thickness　of　convolute

lamination　is　about5to8cm，but　sometimes　it

is　about15cm　or　more．

　　Sole　Marks

　　The　sole　marks　observed　in　the　sandstone－

shale　altemation　facies　are　of　two　principal

types。One　is　oftool　marks　such　as　groove　casts，

striation　casts　and　bounce　casts．The　other　is　of

current　scour　marks　such　as　Hute　casts，r皿

marks，and　longitudinal　furrows　and　ridges，

most　of　them　being　ill　de且ned　and　of　small

scale．Especially，the　morphology　of　the　Hute

casts　is　immature　in　most　cases．The　tool　marks

are　seen　much　more　frequently　than　the　current

scour　marks。The　appearance　rate　of　c皿rent

scour　marks　against　the　number　of　sandstone

l》eds　is　less　than5percent。

　　The　groove　casts　are　most　typical　of　tool

marks　and　is　most　numerous　inα110f　the　sole

marks。Generally，the　groove　casts　measure3to

7cm　wide　and　less　than3cm　deep，and　are

sometimes　superimposed　by　minor　furrows　or

StriatiOnCaStS．

　　The　sole　marks　are　usually　found　in　the　divi－

sion　Ta－bearing　sandstone　beds，but　there　are　a

fewcasesofsolemarksrecognizedinthedivi－
sion　Tb－or　Tc－starting　sandstone，Sometimes，

small　flute　casts　are　observed　even　in　the　thin

Tbc　type　sandstone　bed　about1。5cm　thick　A

similar　situation　is　recognizedinthe　Cretaceous

of　the　Oshika　area（TAKIzAwA，1975）．

　　4・C・藍gl・me姻e恥cies

　　Although　conglomerate　occupies　less　than5

percent　ofthe　whole　sedimentary　rocks　in　every

area，it　is　very　important　in　pursuing　the

sources　of　sediments　and　in　analyzing　the

sedimentary　environments　and　paleogeography。

　　A　few　meters　thick　conglomerate　occurs　in

theJ皿assicformations　oftheWestemSubbelt，

while　in　the　Middle　Subbelt　conglomerate　with

Iarger－sized　pebbles　is　exposed　abundantly　10

times　as　much　as　that　ofthe　Westem　Subbelt．

The　classi且cation　of　conglomerate　follows　PET－

TUoHN’s　scheme（1975〉．

　　恥cies　k30rthoconglomerate　（Petromict一

　　　　　　　　　　c・ng1・merate）

　　The　orthoconglomerate　occurs　at　the　base　of

or　within　a　given　stratigrraphic　unit　and　consists

of　exotic　pebbles　and　cobbles　with　some
boulders　fyom　various　source　rocks。It　is　usually

grain－supPortecl．The　boulder－sized　gravels　are

occupied　by　granitic　rocks　and　can　be　easily

found　in　the　Upper　Jurassic　formations　of　the

Middle　Subbelt。The　roundingofpebbles，cob－

bles　and　boulders　is　generally　wel1．

　　The　formation　of　a　grain－supported　con－

glomerate　is　attributed　to　the　winnowing　activi－

ty　of　a　strong　current　enough　to　carry　all　but　the

coarsest丘action　of　load　in　rapid　transport　by

saltation。Mass　Hows　such　as　debris且ow　may

have　partly　participated　in　the　deposition　of　con－

glomerate．It　is　di伍cult　for　this　conglomerate　to

interpret　their　depositional　environments

satisfactorily　based　only　on　the　lithological

features．Nevertheless，the　following　explana－

tions　can　be　given　by　an　examination　of　the

sedimentary　feat皿es　ofthe　associated　strata。

　　The　following　conglomerates　are　considered

to　have　been　deposited　in　a　shallow　marine　en－

vironmentl　the　basal　conglomerate　and　the

Owandawan　conglomerate　of　the　Tsukinoura

Formation，the　basal　conglomerate　ofthe　Awa－

tsu　and　Yamagami　Formations，the　con－
glomerate　ofthe　Aratozaki　Formation，and　the

conglomerate　of　the　middle　part　of　the

Ayukawa　Formation。The　conglomerate　of　the

：Kitsunesaki　Sandstone　and　Shale　Member　of

the　Oginohama　Formation　is　judged　to　be

deposits　in　a　deeper　environment　such　as　a

basin－slope，because　it　is　inserted　into　the　flysch・

type　se『uence　and　is　accompanied　by　slump
folds．

　　Poorly　sorted　orthoconglomerate　several　tens：

0f　meters　thick　occurs　as　an　interformational

conglomerate　in　the　Ishiwaritoge　Formation

and　the　Makinohama　Sandstone　Member　of
the　Oginohama　Formation（P1．1－4）．It　can　be

regarded　as　being　of　non－marine　origin．

　　lFacies　l3：Paraconglomerate（pebbly

　　　　　　　　　　mudstone）

　　The　paraconglomerate　is　deHned　as　con－

glomeratic　mudstone　which　mudstone　matrix　is

more　than　clasts　in　total　volume，and　is
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且｡atinaca1citematrix.Ca1careoussandstone
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referable　to　the　pebbly　mudstone　of　CRowELL

（1957）．There　are　a　few　outcrops　of　this　facies

intheJurassicstrata・
　　The　paraconglomerate　is　recognized　in　the

lower　part　of　the　Oginohama　Formation　and

the　upper　part　of　the　Tsunakizaka　Formation。

Generally，exotic　pebbles　of　granite，volcanics，

porphyry　and　other　rocks　are　sporadically　in－

cluded　in　ill－sorted　sandy　mudstone．Slump

£01ds　are　associated　with　the　paraconglomerate

of　the　two　formations　mentioned　above．

　　恥cies　m；Intraformational　Conglomerate

　　Most　of　the　intraformational　conglomerate

and　breccia　consist　of　sandy　matrix　and　shale

clasts　which　were　reworked　from　the　contem－

poraneous　beds。Howcver，some　intraforma－

tional　conglomerate　and　breccia　include　con－

siderable　amount　ofsandstone　clasts　ofcontem－

poraneous　origin。This　facies　is　recognized　in

the　non－marine　deposits　having　Iarge　clasts

reaching　several　tens　of　centimeter　in　diameter

（Fig．17）．On　the　other　hand，the　intrafbrma－

tional　conglomerate　in　the　sandstone　facies

（Facies　e）of　Hysch　type　has　generally　smaller

shale　clasts　reaching　several　centimeters　in

diameter，In　the　conglomerate　of　this　type，

there　are　a　small　number　of　exotic　pebbles。

Roundness　of　the　embedded　shale　and　s段nd－

stone　clasts　varies　from　angular　to　sub－rounded

class　depending　on　distance　of　transportation・

　　Gener段lly，the　intraformational　conglomer－

ate　and　breccia　are　considered　to　be　deposits

whichwereduetoc・ntemporane・user・si・n・f

the　underlying　strata．In　rare　cases，1imestone－

clast　conglomerate　exists　in　the　Kogoshio　and

Ayukawa　Formations（PL　皿一1〉and　such
limestone　clasts　were　derived　from　the　coeval

limestone．

　　5．Li睡esto簸ea翻C箆旦careo眼sRock：臨cies

　　Limestone　facies　is　found　only　in　the　Koike

：LimestoneMemberofthe　NakanosawaForma－
tion　of　the　Soma　area．It　is　well　known　that　the

Koike　Limestone　belongs　to　the　Torinosu－type

：Limestone　which　is　sporadically　exposed　in　the

lateMesozoic　strataoftheChichibuTerrane　in

the　outer　zone　of　southwestJapan　ahd　also　in

the　late　Mesozoic　strata　along　the：Paci且c　coast
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Fig，17　　Size　distribution　of　shale　clasts　in　the　intr＆forma－

　tional　conglomerates　of　the　Makinohama　Sandstone

　Member，Oshika．

of　Northeast　Japan．What　is　here　re鉛rred　to

calcareousrockfaciescomprisescalcare・us
sandstone　and　intraformational　limestone－clast

conglomerate．In　actual　fact，these　rocks　are　oc－

casi・nallyseenin・therfacies（e．9．Faciesband

m〉．Thesecalcareousrocksareobservedinthe
UpPerJurassic　formations・

　　臨cies簸3Limestone　facies

　　The　Koike　Limestone　consists　mainly　of

thick－bedded　dark　gray　oolitic　an4micritic

limestones　containing　abundant　corals，
molluscs　and　other　fossil　fragments，Howeverシ

there　are　found　neither　bioherms　nor　bio－

stromes　as　pointed　out　by　previous　authors

（e．g．MoRI，1963）．MoRI　suggests　that　the

Koike：Limestone　is　not　a　true　reef　limestone．

Compared　with　the　Trinosu－type　limestone　in

・therareas・fJapan，thecharacteristicfeaure・f

theKoike　Limestone，about50mthick，is　exten－

sive　in　distribution，being　traced　for　a　long

distance　ofabout9km　in　meridional　direction。

Sedimentological　and　petrographical　studies　of

the　limestone　have　been　reported　in　detail

by　KIMuRA（1954〉and　EGucHI　and　SHoJI
（1965），

　　Calcareous　sandstone　is　usually　gray　to　dark

gray，and　has　a　matrix　volume　ofcalcite　greater

than30percent。Calcite－matrix　constituent

makes　up　more　than50percent　of　the　total

volume　in　some　cases．Such　a　sandstone　has　a

dispersed　framework　as　ifthe　framework　grains

Hoat　in　a　calcite　matrix．Calcareous　sandstone

is　o負en　found　in　the　Nakanosawa　Formation，

and　the　upper　part　of　the　Oginohama　Forma一
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tion（FukkiuraMember），whicharenearlycon－

temporary　with　each　otheL

　　Calcareous　sandstone　in　the　middle　part　of

the　Nakanosawa　Formation　is　more　than30m

thick　and　fine－to　medium－grained，with　abun－

dant　molluscan　fossils　in　the　central　part　ofthe

Soma　area．The　calcareous　sandstone　of　the

Fukki皿a　Member　occurs　as　sma111enses　about

1．8m　in　maximum　thickness　omodularbodies．

　　Apeculiartypeofcalcareoussandstoneshow－
ing　oolitic　texture　occurs　at　two　horizons　within

the　lower　part　ofthe　Kogoshio　Formation。One

ofthem　has　been　reported　by　HAYAMI（1961b），

and　is　in　the　lower　part　of　Unit　Kg－10f　the

writer’s　scheme　of　subdivisions（Fig．32）．The

other　occurs　in　the　lowermost　part　of　Unit　Kg－

2，and　is　about5m　thick．This　oohtic
c飢careous　sandstone　is　rich　in　wel1－developed

ooliths　which　are　usually　3　to　6mm　in

diameter．It　contains　a　small　amount　ofqu＆rtz

and　fddespar　grains。

　　Intraformational　limestone－clast　conglomer－

ate　contains　abundant　limestone　clasts　more

than50percent　of　the　total　volumeシits　matrix

being　coarse－to　very　coarse－grained　sandstone

with　a　small　volume　of　cemented　calcite。This

conglomerate　occurs　in　the　lowermost　parts　of

both　the　Kogoshio　and　the　Ayukawa　Forma－

tions（P1，III－1）andisabout10mand15m
thick，respectively．The　aggregative　clasts　ofthe

conglomerate　are　usua11y　pebble－or　cobble－

sized，but　scarcely　exceed30cm　in　diameter。

The　limestone　clasts　are　dark　gray　impure

limestone，either　oolitic　or　micritic．Some　of

them　contain　corals，calcareous　algae，crinoids，

spines　of　echinoidsシgastropods　and　bivalves。It

is　noted　that　the　feat皿es　of　these　hmestone

clasts　are　fairly　similar　to　those　of　the　Koike

Limestone　Member　mentioned　earlier．

互V．　FAC脱S　SEqUENCE

　　The　vertical　and　horizontal　changes　of　the

sedimentary・facies　and　some　ofsedimentary　en－

vironments　of　the　J皿assic　formations　are

described　in　this　chapter、The　recognition　of

sedimentary　environments　is　based　on　the　syn－

theses　oftypes　of　facies，properties　of　sedimen一

tary　　structures　and　　attributes　of　clastic

sediments，characters　of　sma11－scale　sedimen－

tary　cycles，and　biofacies，in　conjunction　with

the　mutual　relationships　among　sedimentary
facies．

　　The　geologic　columnar　sections　showing　the

occurrence　of　facies　in　each　area　are　given　in

Figure18to26。The　alphabetical　symbols　in
parentheses　attached　to　the　types　of　lithofacies

in　the　following　descriptions　are　the　same　as

those　of　facies　descriptions　in　the　preceeding

chapter。

　　1・臨ciesSe辮e脆ce・£tLe恥r置ssici龍伽

　　　　Midd丑e翫bbe丑t

　　1－1MiddleJurassic

　　The　Kosaba　Formation　of　the　Karakuwa

area，theTsukinouraSandstoneMemberofthe
Oshika　area　and　the　lower　part　of　the　Awazu

Formation　of　the　Soma　area　consist　mainly　of

three　facies，orthoconglomerate（Facies　k），

massive　coarse－grained　sandstone（Facies　a）

and　massive　to　thick－bedded　medium－to且ne－

grained　sandstone　（Facies　b）　in　ascen（iing

order．　Especially，　very　coarse－grained　sand－

stone　prevails　in　the　Tsukinoura　Sandstone

Memberwhichcomprisestwoorthreesedimen－
tary　cycles　and　is　associated　with　sandy　shale

（Faciesg）．T7忽・痂，Zη・6醐窺μ5and・ther

bivalves　occur　in　this　member．The　sandstone　is

poor　in　matrix　and　f士equently　shows　cross－bed－

ding、Thereforeシthe　Tsukinoura　Sandstone

Memberisconsideredtohavebeendepositedin
a　nearshore　shallow　marine　environment　with

aCtiVe　WaVe　aCtiOn．

　The　massive　to　thick－bedded　sandy　shale
（black　or　dark　gray　in　color）（Facies　g）and　the

thick　to　medium－bedded　black　shale（contain－

ing　marine　fbssils）（Facies　f）conformably

overlie　the　above　sandstones（Facies　a　and　b）．

They　constitute　the　Tsunakizaka　Formation

of　the　Karakuwa，the　Samuraihama　Shale

MemberoftheOshikaandthe　mainpartofthe
Awazu　Formation　of　the　Soma．These　shales

are　monotonous　but　generally　strati且ed　at　inter－

vals　of　more　than　several　dozen　centimeters

thick。They　include　molluscan　fossils　such　as

ammonites　and　bivalves，though　scarcely．The
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shales　sometimes　contain　limy　nodules　which

are　generally　several　centimeters　in　diameter，

but　attain　to80c卑in　the　eastern　part　of　the

Oshika　area．Sandstone　intercalations　within

the　shale　are　scarce　in　the　Kar＆kuw＆and．the

Soma　areas，but　they　are　sporadically　found　in

the　eastern　part　of　the　Oshika　area・

　　The　shale　facies　in　the　MiddleJurassic　strata

is　also　well　exposed　in　the　Westem　Subbelt，as

will　be　mentioned　later．Because　of　the　occur－

rence　of　very　thick　beds，the　wide　distribution

and　the　lack　of　current　structures，this　shale

facies　is　considered　to　have　been　deposited　in　a

stable　and　quiet　o任shore　environment　in　the

transgressive　phase・

　　1－2　Lower　Part　of　the　UpPer　Jurassic

　　The　strata　described　here　are　referred　to　the

Oxfordian，probably　ranging　up　to　the　Callo－

vian．The　Oxfordian　strata　ofthe　Middle　Sub－

belt　are　characterized　by　the　conspicuous　ver－

tical　and　lateral　facies　changes　and　　the

predominance　of　coarser－grained　clastic　sedi－

ments。

　　ノζα7αんμωαノi76α

　　The　Sakaguchiirizawa　Sandstone　Member

of　the　Tsunakizaka　Formation　and　the
Ishiwaritoge　Formation　are　the　units　which

were　formed　d皿ing　early　Late　Jurassic　time・

The　strati丘cation　of　the　former　is　shown　in

Figure27。

　　The　Sakaguchiirizawa　Member　consists　of

bedded　and　laminated五ne－to　medium－grained

sandstone　interbedded　with　shale（Facies　d）

and　massive　or　bedded　gray，partly　black　shale

（Facies　h）．　Cross－bedding　and　ripPle－dri負l

cross－lamination（PL　II－1B）in　addition　to

paralleUamination　coexist　within　a　single　sand－

stone　bed．This　fact　indicates　that　the　sandstone

was　deposited　in　a　shallow　water　environment

a，fnected　by　traction　currents．Generally，the

sandstonebeds　ofthe　member　are　l　to2mthick

and　become且ner　grained　upward．Sometimes，

however，there　are　upward－coarsening　beds　as

shown　in　Plate　II－1A．The　sandstone　is　not

『uite　coarse－grained，and　contains　fbw　intrafor－

mational　shale－clast　conglomerate。Therefore，

the　sandstone　is　not　of　fluvial　deposition。

　　The　shale　of　the　member　is　gray　on　its　fresh

s皿face　and　yellowish　gray　on　its　weathered　sur一

£ace，and　does　not　yield　marine　fossils．Thus，

the　shale　is　possibly　of　non－marine　origin．

　　The　depositional　environment　of　the

Sakaguchiiriz＆wa　Sandstone　Membcr　is　con－

sidered　to　be　an　ephemeral　lake　or　lagoon　in　an

alluvial　low　land。

　　The　Ishiwaritoge　Formation　consists　mainly

of　massive　to　very　thick－bedded　coarse－grained

sandstone　interbedded　with　shale（containing

Plant　beds）（Facies　c）in　the　southern　part　of

the　area　（section　no．2　in　Fig．　18），but　is

dominated　by　orthoconglomerate　in　the　nor－

them　part。In　the　southem　part，more　than10

beds　of　coarse－grained　sandstone　alternate　very

thickly　with　gray　shale　beds　of　probable　non－

marine　origin。The　thickness　ofeach　bed　varies

丘om5to20m。These　altematingbeds　arerefer－

redtothe　sedimentary　cycleofHning－upwardse－

quence　described　by　ALLEN（1964，1970）and
VISHER．（1965a〉．

　　The　individual　sandstone　beds　in　this　se－

quence（cycle）are　bounded　by　the　contem－

poraneous　erosional　basal　surface　and　become

且ner　grained　upward．The　lowermost　part　of

the　sandstone　bed　has　sometimes　intraforma－

tional　conglomerate　consisting　of　shale　clasts

and　the　lower　half　is　coarse　grained，丘equently

showing　large－scale　cross－bedding　a，nd　parallel

lamination．The　upper　half　of　the　sandstone

bed　varies　from　medium－to　Hne－grained

toward　the　top　and　grades　up　into　the　shale．

The　scale　ofcross－bedding　in　the　sandstone　also

becomes　smaller　upward．The　lower　part　ofthe

shale　bed　occupying　the　upPer　part　of　the　se一

旦uence　consists　of　sandy　shale　or　alternating

丘ne－grained　sandstone　and　shale．Sometimes，

plant　fヒ）ssils　are　found　in　the　shale　or　the

parallel－1aminated且ne－grainedsandstone．

　　Similar　fining－upward　sequences　of　the

cretaceousandJurassicformati・ns・fthe
Oshika　area　have　already　been　described　by

TAKlzAwA（1975，1976）．These　sequences　were

probably　formed　by　lateral　migration　of　a

meanderingriveL
　　The　Ishiwaritoge　Formation　in　the　northem

part　of　the　Karakuwa　area　is　characterized　by

the　predominance　of　ill－sorted　conglomerate
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interca1ationsarevery北w(Eig.27).Thenor-

�敲�潮朱潭敲慴楣晡捩�潦��獨楷�楴�攀

Eormationisa工sopresumedtobeterrestria1

deposits,whichwerea伍ectedbyariver.

��牡�礬��癩��摩浥����捨���

�摩浥���癥特灯�慮�潢�整潢��敲

��楮������潮朱潭敲慴�獰�摯浩���

�散潮�����慶敢��数�楴�楮慰�搭

montfan(a11uvia玉fan)environment.

���昬���敲�牴潦�敕�敲�牡�楣

�牡�楮���慫畷���獷���潮�

marinesedimentswhichprobab1ya㏄umu1ated

in1aketo且uvia工且｡odp1aininthesouthernpart

�瑯��浯�晡�湶楲潮浥����湯爭

�敲��琮

03〃肋■〃α

TheKitsunesakiSandstoneandSha工eand

theover1yingMa良inohamaSandstoneMem-

bersoftheOginohama亙｡rmationbe1ongtothe

1owe･partoftheUpPerJurassic.The£orme･

��楳瑳潦浥摩畭�潴�渭������潮�

sha1ea工temation(亙aciesj),thick-tomedium-

bedde(丑medium-grainedsandstone(Faciese),

1am三natedsha1e(Faciesi)andorthocon-

g1omerate(亙aciesk).IntheKitsunesaki

Member,about50amaユgamatebedscanbe

observedina11ofthethicトtomedium-bedded

sandstonebeds･Repeatedgradedbeddings

��浯��慮�癥牡��瑳楮潮�潮敢��攀

潢���楮�散潭灯����慮��睨漱攀

��敢����敲慢��楣歳慮�瑯����

��

�������敲��瑯晴�������

瑳��慫����潮�楮�慮�潮朱潭�

敲慴����潮朱潭敲慴���慳獨���

Figure2土(section23)andP工ateVII.Thecon-

g1omerateiscomposedofpebb1e-tocobb1e一

･i･･dg･…1･･mも･dd･di････…一g･･i･･d…d

matrix,創ndis1toiOmthic良.Thebottomof

thecong1omeratehaso㏄asiona11yundu1ated

捨慮���步獵�慣散畴瑩湧楮瑯�����搭

楮杳慮�瑯�������瑩潮慮��楮慴�

獨��周畳��散潮朱潭敲慴敢����条��

edasdepositswhich丘11edsubmarinechanne1s.

周�慮�瑯�潦����物�散瑩潮㈳楮

�杵�㈱�敧�敲���湧�浥牡瑩��慢��

��楮���楴敢�摩湧�桵�浯�潦�攀

�瑳��慫���牡�睨漱�獲敧����

proxima1turbidites(WALKER,i967)or且ux-

oturbidite-typese(1iments(DzULYNsKI勿αZ.,

���

周敵灰敲浯��牴潦��楴獵��歩卡��

�潮����敍��物獣潭灯�摭���昀

牡�敲���牴�����潭�極�杲����

�楣�����慮��潮�周楳�牴捨慮来�

牡����潴��������牡楮����

stonea㏄ompaniedbycross-beddingofthe

�歩湯��卡��潮敍���

周敍慫楮��慓慮�瑯���敲�渭

�������慳�癥瑯�楣��������

杲������潮��敲�����獨�攀

(Eaciesc),a㏄ompaniedbymassiveorbedded

gray,part1yb1acksha1e(亙aciesh),andwe11-

beddedand1aminated丘ne-tomedium-grained

���潮��敲����楴����慣����

����散瑩潮潦����物���楮�杵�

㌰��湧��楴潦�散���杲���慮搭

�潮��獵��瑯㌵浩��捫��❷楴��

慶敲慧�晡�畴杭�����潮���慴�

��獨����湧慮異睡���湧�摩浥渭

�特�����敷物��慳���祭�瑩潮�

��������慳���������

���湧�浥牡��潴瑯浥��潮��

灯牡�����潮�獵�慣攬��畧档���

杲���慮�瑯�楮楴����琬楮瑯

浥摩畭����牡楮����潮����

��獨�������楮��������

��潮慮�散�慳�楮���捫��異睡�

inaccordancewiththeupward一五ningofgrain

�����潦�敵�敲�牴潦�捨������

inco1or缶｡mmediumgraythroughdar良gray

tob1ackandisfrequent1ya㏄ompaniedbyinky

b1acし｡oa1ysha1e.ThepIantremainso㏄urin

thesha1eorpara11e11aminated丘ne-grained

���潮攬��潭�楮敦�����物��

浥�敲�

Thesedimentarycyc工eofthe丘ning-upward

一240一�
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���捥楮��潮��楮��業�瑳����

regardedbyALLEN(1964)asbeingof且uvia1

depositionduetothe1atera1shi丑ingofariver.

Onre此rringtohisidea,thecoarse-grainedpart

�慮�瑯��晴�������歩湯��

��敲楳楮���������捨��

deposits,andthe丘ne-grainedpart(sha1e)as

且｡od-p1ainsediments.Thecyc工esdominatedby

獨�数�����楣慴���敲楮杲�敲

�摩浥������来��渮

�������敲��瑯晩瑳�瑣���愀

潦�敍慫楮��慓慮�瑯���敲楳

捨�慣�物������潭楮慮捥潦�渭

朱潭敲慴����慮��捫����慮�

stone.Asshowninsection23inEi馴re21,the

cong1omerateisestimatedtobe50minthic良一

��慮�潮�楮��牧�浯�瑯晧牡��

�由����獣潮朱潭敲慴敲�����慴潦

��獨楷�楴����瑩潮潦���慫畷愀

��楮��敲礱��摩�物�瑩潮�畴楳灯�楮

���灯牡�����潮���捴��周攀

�歩湯��卡��潮敍��爬�睥癥爬楳

楮�������當楡�慮�摩浥�献周楳

���捥���獣�捩�潦����業�瑳

and1atera1facieschangeintomigrating且uvia1

�灯�瑳�

Aswi1エbeseenfromtheabove,thesedimen-

ta･yfaciesofthe1owe･UpPe･Ju･assicfo･ma-

瑩潮���佳�歡��楳���敲�瑯�潦

thetransitiona1phase缶｡mthe且ysch(proxima1

turbiditeand丑uxoturbidite)tothe且uvia1facies

��慮������������牴潦

�敏獨楫��愬�湧�浥牡�楳景���渭

dant1yinboththe且yschandthe且uvia1facies.

周楳��楮���潴�牡癡�慢���楮�

摩��������捥��潦���業�瑳數�

istedinthep･oximityoftheJu･assicsedimen-

�特��渮

二∫0〃一αノ壬π6α

周教�慧�楡��捨楫畢���瑩潮�

�敲敦敲慢�瑯���敲�健��慳��周攀

奡�条浩��慴楯�潮������昀

�����極�杲���慮�瑯��慣���

周楳���潮�獣�牡捴敲��批���慴��

�杯潤�牴楮本慮摶敲祭慳�癥����

ture玉essnature.Inthesouthernpartofthearea,

thesandstonebecomessomewhat丘nergrained

楮���慴���獨���癥牡�楮��昀

�癡��獵捨慳��潮���散潮�楮�楮�攀

YamagamiEormation.Therefore,this£orma-

瑩潮楳����瑯�癥慣����摩�

sha11owmarineenv三ronment.Inthesouthern

工imitofthedistribution,ontheotherhan(1,itis

���敲�瑯��楳���瑯晴�獨���

�物�����整献

周�������慴楯�潮������昀

���整�敲��捫�������杲���

���潮��捩��楮���敲�牴慮�

massivemedium-grainedsandsone(亙aciesb)

楮�敵灰敲�牴���晡捩����潭���

bymassiveorbeddedgray,part工yb1ack,sha1e

(Faciesh)andwe11-beddedand1aminated丘ne-

瑯浥摩畭�牡楮����潮��敲�����

･h･1･(E･･i･･d)1I･t･…1･ti･n･･f…1y･･…一

��捥�����敦���琱�楳楢����

some丘ning-upwardsedimentarycyc1esare

��杮��楮���敲�牴潦�敦��瑩潮�

周�敦慣瑳楮摩���慴���敲�牴潦�攀

Tochikubo亙｡rmationwasdepositedina且uvia1

environment.亙aciesdoftheTochikuboEorma-

瑩潮楳�浩�牴潴�瑯晴�卡歡杵捨�物穡睡

卡��潮敍��物���牡�睡����

楳楮晥牲��潤数�楴�晡��桷慴敲�癩�渭

浥��

周��業��特�癩���瑯晴����攀

浥摩畭�牡楮����瑯�潦�敵灰敲�牴潦

theTochi良uboFormationisprobab1yatransi-

瑩潮���楮慣����癩���琮周楳楳

���捥����慮瑢�����獨�攀

������批�散潮景�慢���瑩潮瑯

theover1yingNakanosawa正｡rmationwhich

��楳瑳潦獨����楮�数�楴献

�獵�瀬���敲�牴潦�敕灰敲

Jurassicsequenceinthesomaa･eaconsistsof

regressivesedimentaryfacieschanging缶｡m

獨����楮敵���潮潮��楮�数�楴�

睨楣��業��瑯�敲敧���敦慣��

��湧��摩���牡�睡慮�獨楫愀

���

�㍍����瑯晴��健��慳�挨��

perOx缶｡dian_Kimmeridgean)

周敍潮���瑩潮潦���慫畷��愬

��潺畭楓��慮�畫歩�慓���慮搭

�潮敍���潦�敵灰敲��潦�攀

�楮�����瑩潮楮�敏獨楫����

theNakanosawa亙｡rmationoftheSomaarea

一242一�
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������潴�浩���牴潦�敕灰敲

Jurassic,andaユ1ofthemarema･inet･ans-

杲��癥�摩浥�献

K〃α肋ωαα刎♂05〃肋〃〃ω

周敍潮故��瑩潮慮��異���景昀

theOginohama亙｡rmationhavesimi1ar

��潦慣�献周�牲��捴���敲�牴獣潮��

�楮�潦�楣�瑯浥摩畭�����捫獨�攀

(亙aciesf).Themassivemedium-grainedsand-

stone(亙aciesb)under1iesthesha1efaciesasa

transitiona1facies.IntheOshiしaarea,this

獨�獣����摩湧慮�慮�瑯�����

abundanttrigoniids(ψoμo〃〃α).Therefore,

�楳���潮�獣潮����潢�晳���

�物��灯�瑩潮�

Thebeddedsha1eofthe工｡werpartofMone

亙｡rmationandtheKozumiSha1eMemberis

癥特慫楮瑯���晴�味�慫�慫����

瑩潮慮��卡�牡楨�慓����敲�

周���晳畳��楯��摯物�測睨楣桷敲攀

formedunderaca1menvironmentinastab工e

sedimentarybasin.Thesha1efaciesgradua工1y

捨慮来獵��摩��慮�瑯��������

ti･･(Eig.20).

TheupperpartoftheMone亙｡rmationhas

慮�瑩���潴��楣��������攀

��極牡���卡��潮敍����整��

�ね����散�牡捴敲��批�攀

preva1enceofmed三um-andthin-bed(1edsand-

�潮�獨����慴楯渮�瑯��慴敲�晡捩�

changeofthe且yschsequence,theupPerpartof

theMone亙｡rmationintheKarakuwaareacon-

sistsofsandstone一(lominatedfaciesinthe

…th･m･…(…ti･n･1-3inEig.18),b･ti･

���批�楮��浩������畢晡捩�

�戩������楮�������睨楣��

潮��癥牡��潭整敲�睡��浴��畴�

(…ti…4-6i･Fig.18).I･th･E･kki…

��敲楮�敷����牴潦�敏獨楫��愬

瑯漬�浩������畢晡捩��戩浯����

楮捲�����睡����������

･･nd･t･n･(E･･i…)･･th･･d｡｡･｡｡｡｡｡n｡｡一

thward.Thus,northward丘ningisnoticedin

��整���献周楳楳楮��潮祷楴桴�

�������慳��浥�楯��慴敲��

�敷���慮�瑯�楳浯�摯浩��楮�攀

����牴�慮楮�敷����瑯晴�

伻�歡���

The且ysdhfaciesofthe正ukkiuraMember

���慳�����潦�癡��獵捨慳

ψoμ07〃αand0〃αη∫andammonoids.Co-

�楮慢�獷楴����獨�������獵爭

楮朱�浩��捫�������瑩����

歩�慍��物������牴潦�敏獨楫愀

����漬�慣敦�����敲���慮瑩�

the且ysch-typedeposits.Accordingtothe

pre1iminaryidentiication,Zooψ伽05sp･,αoη一

み〃θ∫sp.,003㎜o肋αψ加sp.andothersoccur

abundant1yintheOshikaarea,andZooψ砂603

sp.and戸妙603ψoれsp.intheKarakuwaarea.

5｢0ηつα■476α

周敎慫慮�慷���瑩潮��楳瑳�楮�

潦���散���杲���慮�瑯�慮�

�浥�潮����潭��愬���潮�獨�攀

rhythmica1temation(且ysch-typedeposits),

睨楣档���潢���楮���慫畷��

Oshikaareas,is1acking(Eig.23).Inthesouth一

･mp･･t･fth･･…(th･･i･inity･fK･ik･),

the1owerpartoftheNakanosawa正｡rma-

t三〇nconsistsofmassivecoarse-9rainedsand-

stonewithoccasiona工｡ross-bedding(亙ig.35).

Somesandstonesaremediumto丘negrained,

慮������畳���牡礬��礬���爭

��睨楣��整捨潢�����敲瑩���潴�

��楮杰����癯�浥潦����牡楮�

���潮�散�慳�瑯睡�������楮�攀

�瑣���慯晴��歡湯�睡��慴楯測

慮��瑯��極�杲���慮�瑯�睨楣��

缶equent1y1imyorsi1tブincreases.Themedium-

or丘ne-9rainedsandstone,orsi1tysandstoneof

theNa良anosawaEormationyie1dsabundant

mo11uscanおssi1s(biva1ves,gastropodsandam-

monoids)anda北wp1antおssi工s.Thesha1ein-

���慴����卲���

Judging止｡mthefeaturesofthesandstone

慮��景����瑩潮�慢�攬楴楳獵����

�慴�敎慫慮�慷���瑩潮慣�����

inatypica工sha11owmarineenvironment.The

c与aracteristicsoftheNa}anosawa亙｡rmationin-

dicatethatthepa工eoenvironmentinthevicinity

潦�楫��敲���慳敲��晴牡�楴楯�

history企｡mthestrongercurrentconditions

��畧���獣��獣極慴楯�瑯�敷�正��

����楴楯�慳獵�������灯�瑩潮

潦��業�瑯��

.TheupperpartoftheNakanosawaEorma一
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瑩潮��步�浥�潮敍���楳��楳瑳

�楮�潦��杲�潯�瑩��浩捲楴楣

�浥�潮�佯�瑩�業�瑯�����楮�攀

�睥��瑯晴�浥�敲���摩浥渭

瑯�楣�慮�整�杲慰����摩�潦�楳

�浥�潮�慶敢�湲数��摩�整���

������慮�����午お�

������摩湧瑯��慴�牲数�琬�楳

1imestone,asawho1e,has丘vesedimentary

����捨潦睨楣��潴瑯浥�祥�����

晡捥慮�潮���晡�敲�瑩湧��潦潯獰�楴攀

��癡�楮����健��琩慮�楯浩捲楴�渭

�牢���楴�楯獰�楴�����湧楮�敵�

perpart).Itwasc1ari丘edthateachcyc1einthis

�浥�潮��略�敷慳慴�楢畴�瑯��数��

瑩潮����獷�捨�条�楴��湫�癩�渭

浥�����湧�牲�瑳慮��捥��瑯愀

���敦�慧潯温�癩����楴桷�正��

��猨�啣�慮�������

且4UpPermostJu･assic

�浯���晴��灯�瑳潦�楳��杯特�攀

慳�杮�瑯��潮楡��来���杯獨楯�爭

�瑩潮潦���慫畷��愬���敲�牴潦

���歡睡��慴楯����歩卡��潮攀

��敲�晴�佳�歡��慮���浩穡睡

正｡rmationoftheSomaareabe1ongtothe

�灯�瑳潦�楳慧�周��散�牡捴敲��批

thic良bedsofverycoarse-tocoarse-9rained

sandstoneand缶equent1ycontainsha1ewhich

���慢����慮瑦����

1(απωん〃ωα■4〃α

周����潅��瑩潮楳獵����楮瑯

丘vestratigraphica1units(Kg-1toKg-5)of

whichthreeun三tsaredominatedbysandstone

慮��潴��批獨���朮㌲���慳��牴

(Kg-1a)isde丘nedbytheappearanceofwhity

�歯���������慮�瑯����

�畴���瑯晴����獨業������

�牴潦��������瑩潮�����渭

���慮�畳�浥�潮数敢��慢����

(P1.III-1B).The玉imestonepebb1esarecompos-

�潦潯�瑩�業�瑯����潭楣物瑩�業�

�潮散潮�楮楮杭慮祢��癥���牡��

周��敧�敲��獵������浥慳�攀

缶｡m5to25cmindiameter.The1imestonepeb-

b1eso㏄upymorethan70vo1umepercentofthis

intra比rmationa1cong1omerate.Thecong1omer-

atesometimesinc1udesasma11amountofpeb一

��潦杲慮楴攬��捥�獲�歳慮摯�敲獷�捨

�������浩�楡浥��

周畳��瑋札�睡�扶楯畳��灯��摩�

asha11owmarineenvironmenta伍ectedby

strongcurrents.UnitKg一工bconsistsofvery

coarse-grainedquartzosesandstoneands㏄ms

瑯��慳��数�楴楯��湧慳����

��畳整��敲�楮��瑋札�楳����

of且uvia1sedimentsasmentioned1ater.Pro-

��祕�瑋札�慣������牡物癥爀

浯畴�牡獨��楮��楴���������

丘ning-upwardcyc1eandthesandstonetherein

has缶equentcross-strati丘｡ation.Therefore,this

unitisregardedas且uvia1deposits.UnitKg一工d

��楳瑳潦睥����摭�極�杲���慮搭

stone,b1ac良sandysha1e,andchanne1-1ike

����牡楮����潮���略��瑩�潴�

����湧�������獵�瑳��瑯�

1ittora王sediments.

�楴����楳瑳潦�慣歳��睨楣�

�敲���散���杲���慮�瑯�潦�楴

���楴�獨������周楳獨���湧

��慳�浣��潦��猱整潦佳�����

�物��癡�敦�����楳�浥瑩浥獷��

1aminatedorinterbeddedwith丘ne-grained

sandstone1ayers.IntheKara良uwaPeninsu1a,

oo1iticca1careous丘ne-9rainedsandstoneiscon-

�楮�楮���敲浯��牴潦�楴�����

����歩�潦���潮�獲敦敲���

ca1cite-cemented“sandyoo1ite''whichshows

����楣捩�由���捴�����慮��

慣���瑩��敲敦�攬湯瑩捥慢��慴���敲

�牴潦�����潅��瑩潮楳�条��慳

�摩浥��晳����物��癩���瑣潮�

�楮楮权���併�慴敲楡�

�楴����楳瑳潦�楣止��晣���

杲���慮�瑯���楮���慴楯�潦獨�攀

�潢慢�潦湯渭�物���楮��瑋札��

捨�慣�物�������潮���牲�捥潦

丘ning-upwardsequen㏄simi1artothatofUnit

������楮朱礬�敵�瑩��敲��潢�昀

non-mari鵬｡riginunderthein且uenceofa

物��

�楴������潭楮慮�浯�瑯昀

獨��普潮��楮整�敷楴�晥�慮�瑯�

��獨�楮条楮楮札異睡����捥��

湯牴��晡捩�潦�楴����楳瑳�楮�潦

we11-sortedmedium-to丘ne-graine6sandstone
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慮�潭整業�����物�景������

��潮�����景����慣��獲敧����

sha11owmarinesedi血ents.

��楴����異���瑰�瑯晴�

�杯獨楯��慴楯測癥牴楣��牲������

siona11yfoundandmarinebivaユvesa1sooccur.

�楴��杲�����湧�楮瑯�敢���

�慣歳��潦�������慴楯渮周畳�

�楳�楴楳��������業�瑳潦�物�

�慮����数���

Fromtheabove,itρanbesaidthatthe

�杯獨楯��慴楯�獣�牡捴敲��批

�捩�慴���業�瑳��楳瑩湧潦���瑩湧

sha11owmarineand且uvia1sediments.The

�物��摩浥�����潭楮慮瑩��湯爭

���牴潦楴�楳�楢畴楯渮���敲��

来潭��漱�楣�杲����物湧��数��

瑩潮楳業慧楮�瑯�癥���数敲瑯睡��攀

湯牴�

05肋肋α〃48o刎αλ〃ω

����楹�慫楓慮�瑯���敲慮�

theTomizawa正｡rmationareverysimi1arto

�捨潴��楴桲��捴瑯��潦慣�������

���瑳��献㈲�㌩�����歩��敲

慮���浩穡睡��慴楯湲���整�

Kogoshio亙｡rmationinsandstonepetrography.

周���慴������浯��批癥特

coarse-tocoarse-9raine〔1arkosicsan〔1stone

withgraytopartiaユ1yb1acヒand∀erythic良一bedd-

edsha1e.AIso丘ning-upwardsedimentary

cyc1esare止equent1yrecognizedandnomarine

fossi1sare£ound.TheKiyosakiMemberand

��潭�慷���瑩潮�攬�敲敦�攬�条��

edasnon-marinedepositschie且yofananuvia1

�噩���琮

周��敲�牴��瑋�㈩慮��異�爀

�牴��瑋��潦��楹�慨卡��潮攀

��敲��楳瑯晧牡���慣��慮���

b1acksh乱1e.A1so,beddedand1aminated丘ne-to

浥摩畭�牡楮����潮��捩��獵�爭

摩�����物�潴桵�瑳������潴�

�楴���慢���睥�������慮�

景��献周�敦慣瑳獨��慴�楴����

��睥��灯��摩�湯渭�物�慱略��

�癩����楴�畴��湧�牲�瑳��楮�

stance,ephemera11a止eormarsh.

���敲浯��整慣�畳

The1owermostCretaceous£ormations,

whichconformab1yover1ietheUpPe･Ju･assic

景�慴楯���摩�物��摩�桲����晴�

Midd1eSubbe1t.Thereisagreatdi伍erencein

�摩浥���慣���瑯���捫���潮最

���敲浯��整慣�畳景�慴楯�潦�攀

�牡�睡�潭��佳����献周慴楳瑯

�礬�������慴楯�㈰ね�楣栩楮

���慫畷�����敏������

tion(150mthicし)intheSomaareaconsistof

thick-tomediu叩一beddedb1acksha1e(lFaciesf)

a㏄ompaniedbymassiveorbeddedsandysha1e

�慣���周�������癡物���捩�潦

�物��癡��慮��潮�������攀

牡����潮��敲��瑩潮���敦��瑩潮�

areregardedassedimentsofaquieto伍shore

�物��噩���琮

周���捥����瑩潮���佳�歡

�������異���瑳潦���歡睡

Formation)areabout工200mintota1thickness

������睲楴敲��������

�獣物���景湯�湧癥牴楣�晡捩�捨慮来潦

�敦��瑩潮楮慳捥�楮杯�敲�

周�潢楴慷慴慳�卡��潮����攀

��敲�〰浴�捫�潮���晴�景��楮最

four1itho1ogicunits仕｡mthebottomupward≡

Kb-1,basa1cong1omeratefo11owedbythic良

���潮攬睨楣�獰����晥��物����

瑯牡�物�����楴瑯牡�慮�瑯�慮���

楮�楣�������慴楯測�牴�楮�畤楮最

nαZω5曲｡肋3一工ikeburrows;Kb-3,neriticsandy

獨����摩湧慢����物��癡��慮�

manyammonites(肋加ωθ〃αsp.)interbedded

with丘ne-grainedsandstone≡andKb-4,in-

�牢������慧�潦獨���慳瑣潮�

g10K皇erate,coarse-9rainedsandstoneo丘enshow-

楮杣����摩湧��獨�散潮�楮楮材��

��楮献周�慳�����癥���灯���

潮慣�����癩���渮周数���牲��

摩�捴楯�楮�楳浥�敲��灰�����瑯

�������浯����楳晡捴��

�数敲�慴敲�摩��晡捩�潦�楳浥�敲楳

��潭楮慮琱�楳�楢畴�楮������牴

潦���摩����

周�畴慷慴慳���敍��爬�ね

�楣�楳��漱�楣�����瑩�慳景��献周攀

�楮�牴潦����爬獨�楮条���

且yschappearance,iscomposedchie且yof

�浩������畢晡捩���㈬慮摩㌩慮�
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bed(1edsha1e,缶equent1yinter1aminatedandin-

�牢���楴�慮�瑯�慮�����瑳瑯��

andisa㏄ompaniedby仕equents1umpbeds.

周��敲慮�灰敲�牴�晴�����潮�

��潦������楣��物��獲数����批

thicしer-beddedsandstonewithcross-bedding,

�畳獨�楮条獨��睥��楮�湶楲潮浥�

�慮摯������琮

San〔1stoneinterbeddedwithsha1einthe

�楮�牴潦����物猱楴������晴�

principa1distinctivetypes.Oneisgrade〔1丘ne-

tovery丘ne-9rainedsandstonewhichcontainsa

�牧�浯�瑯�畤��楸��潴�物獲��

p1ecross-1aminatedvery丘ne-grainedsand-

�潮攬睨楣�慳����湯杲�楮条�楳灯�

楮�摭慴物砮周�慴��潭浯������

asing1ethin工ayertopPedbycurrentripP1e

��献周楳��潦���潮���癥��

�灯���祢潴瑯浴牡捴楯����献��潦

��漱��歳楮�楣慴���睡�������

��摩�捴楯測睨�整�捲���浩�瑩潮��

物灰�����捨�慣�物��祥慳�

�畴�慳������摩�捴楯渮周�潭�椀

卡��潮敍���潮����琱�晣���

����敲����杲���慮�瑯�慣��

���批�湧�浥牡���浥�敲楳㌳ね

�楣歩����慮��畴�ね�楣歩��

睥����睥��景晴�浥�敲獨��

repetitionof丘ning-upwardcyc1eprobab1yof

且uvia1origin.Theupperha1fdominatedbycon-

朱潭敲慴楣���潮敷慳��慰�物����

仕｡mpiedmont-type且uvia1sedimentation･

2.肋｡iesSe卯enceoftheWestemSubb1et

2一工LowerJurassic(shizugawaGroup)

周��敲�牡�楣��楳瑳潦�敎楲慮�

��慮���牡���畭���慴楯��

周�������〰浩��捫���瑯来�敲

andb㏄omethinnerorpinchouttowardthe

睥������

周��敲�牴潦�敎楲慮������

tionintheMizunumaareacomprises丘ne-9rain-

����潮攬�������捫獨���

�浩����������畧慷��愬���

sha1eispredominant.Para11e工1aminationand

捲���浩�瑩潮慳睥�慳物����絳���

casiona11yobservedinthe丘ne-grainedsand-

�潮�周���楳�牴楡�����捥���

楮�畤��慮瑦牡杭�瑳���浩�����

楳灯��數灯�摩����畧慷����

睥�楮�敍��畭���周楳獨��獷��

strati丘edandstreaしy.Onoccasion,the

�浩�����杲����牡����敲���

to丘ne-grainedsandstoneorsandysha1e･

AccordingtoHAYAMI(1959d,1961d),em一

baymentorbrac良ishmo11uscssuchas亙｡〃｡6oπ,

1∫og勿｡閉｡〃and肋γ伽3タαoccurabundant1yform-

楮条獨���楮���敲�牴潦�攀

Niranohama亙｡rmation.Intheeastempartof

�敍��畭��愬�敲���潺�獨��

���ぴ�〰��楣�����湧�癡��

andgast･opods.Judgingfromtheabovefacts,

���敲�牴潦�敎楲慮�����瑩潮楳

�条��慳�摩浥��晳�����祭�琮

���牡���異���瑯晴��牡湯��

maFormationconsistsmain1yofar良｡sic

浥摩畭�����杲���慮��潮��慴�楮�

amaximumthicしnessof100minthe

���������慮�瑯�楳�����

��捴���献�����楮�獲��礬慮�

feWmO11uSCanfOSSi1S(e.9.,吻αg0れタω)are

景����敷�����楣���晴�異�爀

�牴�楮�畴瑯睡��敷�琮�潭�敦���

�����晡捩���異健��瑯晴�

�牡湯����慴楯�獲敧������爀

��潰���祭�瑳�業�瑳楮���楳潮

�����敲�牴�

周效��牡��慴楯�獷���楳�楢畴�

楮����条睡���瑳�睥牡�異�爀

P･･t･･…i･t･f…dy･h･1･(F･･i･･g)･･d

monotonousb1acしsha1e(Faciesf),respective-

1y.We11-sorted丘ne-9rainedsandst㎝eisinter-

���摩�������潦���敲�牴潦

theformationinwhichca1careousno〔1u1esare

楮�畤��晥睢��癥���浯�����

楮�敵灰敲�牴��������瑩潮楳

regardedassedimentsoftransgressiveo伍shore

�物��噩���琮

2-2Midd1etoUpPerJu･assic

TheMidd1eandUpPe･Ju･assicfo･mations

intheWestemSubbe1tarerepres㎝tedbythe

HashiuraGroupwhichconsistsoftheB勾｡cian

�慴潺慫���瑩潮����捩慮瑯��

浥物摧楡�牡瑯��慴楯����楴��慮

Sode耳｡hamaFormationintheShizugawa

�����慴潺慫���瑩潮楳����潦
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�慮������業�瑳���癩捩��潦

�慴潺慫��敢慳��牴潦�楳景�慴楯�潭�

prises丘ne-tomedium-9rainedsandstone

(正aciesbi)measuringaboutiOmthick,and

�����瑣潮���晣�������慮��

stone(亙aciesa)wi室hcong1omerate(Eig.25).

Thebasa1丘ne-tomedium-grainedsandstone

���獨����楮敢��癥���摩湧

ηな｡〃あ,〃｡〃7α舳3andothers(HAYAMI,1958.

��������潮�晴��楮�牴潦�攀

£ormation缶equent1yshowscross-beddingand

楳獣�捥潦��祭慴物砮周楳���潮�慳

thesamesedimentary£eaturesasthebasa1sand-

stoneoftheMidd1eJu･assicformationsinthe

Midd1eSubbe玉t.Thetopsurfaceofthecoarse-

杲���慮�瑯�獨��牲敧由�慮�慶�

shapedcontemporaneouserosiona1structures･

Themuddy丘ne-grainedsandstoneandsandy

獨��癥��湧�楳敲�楯���晡捥慢���

捨慮来楮瑯��牡瑯��慴楯�潮��楮杯昀

���慴楮杳慮�瑯�慮�獨��周楳楮摩���

慮慢��捨慮来潦�癩���瑦�����

�物�瑯浯�����数敲�物��

周��敲�牴潦��牡瑯��慴楯���

湯牴���瑯晴�����湧���瑯��

gawa)consistsofsan〔1stone-sha1ea1temationof

且yschtype(Eaciesj1:P1.VI-2),withgra(1ed

beddingand``昆｡umasequence''asshownin

���㌮周楳���瑩湧���捥楳�楮���

�慮㌰浩�潴��楣��献周��敲�牴潦

�慴���瑩潮慴��睡�慫���

�畴�慳���瑯晴�����楳瑳浯��潦

�楮���摯�敲��渭�搨�����慮搭

�潮���慴楯�卵�慣����噉���

�浩������畢晡捩������敲��渭

��獨慰����潮敢潤�獣畴楮瑯�楮��搭

�獨�����潮��敲�瑩潮慮��楮慴�

sha1e(P1.VI一工).Trace£ossi1sofhorizonta1

typeo㏄urinthe1aminatedsha1eoftheArato

��慴��

周敵灰敲�牴潦��牡瑯��慴楯�潮�

���晢����捫獨���捩�����

獨���敲�業��瑯����潦�攀

Tsunakiza良aandTsukinouraEormations.The

�����瑩潮潦�敍�畭�����

��楳瑳潦���獨��敲�業��瑯����

潦�敵灰敲�牴潦��牡瑯��慴楯渮周攀

Arato亙｡rmationisregardedasconsistingof

｣

�

�

ω

�

�

⊆

Φ

で

｡

ω

b…;…

&………

i…三…

b享…1…

山

｡

ω

〈

耐

O一

Φ

α

�

⊃

紬

嚢

…一…

�

��

卌匀

��

��

≡≡≡≡FDF

｢0m

椰　

　

雨

工

誌g

姜

｡____

｣一■一'

…≡≡≡1=DF

≡≡≡≡L･g･･d

���爀

�

�

エi一一一一

_{心

配

一

　

　

�

〈

FSF在･姓

SLS一={一

Fヨu1t

��

Concr60t〒on

S1u叩宣tructur直

S日ndツヨhヨ1e

Ma5三ivεshヨ1目
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Cong1㎝erote
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Fig.25co1umnarsectionsoftheJu･assicb･mationsof

����条睡��獨�楮杦慣���略���

摩���牢�楴�楮楴猱�敲�牴慮摭畤�

depositsofaquietbasin且｡orinitsupPerpart･

周�潤������瑩潮潦��潮楡�

ageconsistsofwe11-sorted丘ne-grainedarenite

(Faciesb)w三th胎wiossi1sand1aminatedsha1e

�慣������楳慧牡��睥�睡��渭

捲��潦獨���敲��瑩潮献周楳景�慴楯��

regarde(1assedimentsdeposite(1inao旺shore

�牴潦獨�����

㈭㍌�敲�整慣�畳

Theprob曲1eLowerCretaceous£ormations

��楳�楢畴�楮�效慳�������

JusanhamaG･oupandtotheeastofthe

MizunumaareaastheKanayama亙｡rmationin
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Tab1e13Re1ationshipbetweensequencetypeand1ayerthicknessinthe1owerAratoFo㎜ationoftheShizugawaarea.

���略�整����慢���

Thickness�Number�N･一9･･亨i･gl�Ta�Tabcd�Tab,�Tbc,����

楮��晢���������搬��搬�搉���

��慓匱�����

工一3�20�一�1�'�■�i�一�7�3�9

3-6�15�'�6�一�一�4�1�3�1�

�伉����������
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�敗���卵��琮

TheJusanhamaG･oupconsistsofmassive

����潭�極�杲���慮�瑯�楮�攀

�睥��琬浥摩畭�潴�捫����慮搭

�潮�獨���敲�瑩潮楮������

����敲����瑯����牡楮����

�潮���異��周敧�異���慢���

�慣歩獨浯�畳����������潮��

���敲慮�灰敲�牴�晴�杲����

�牴�慮�潭整業�獨�獣����摩湧�

周敲敦�攬�灯�楢���敲敧���獰��

�捴�晥��物��癩���琮

周���数�瑯晴�杲�灣潭�楳�

�楣�瑯浥摩畭������慴楮杭�極�

to丘ne-grainedsandstoneandsandysha1ewith

p1ant血agments,andischaracterizedby

潢獣�敧牡摩湧��獰�瑳��瑯獨�慰��

ximaI且ysch,butitsdepositiona1processis

uncertain.Brackishmo11uscan£ossi1sarefound

inthesandysha1eandine-grainedsan〔1stoneof

����数�瑯晴�景�慴楯�����

椹���景����浴�����浩���牴

isembaymentsediments.Judgingf･omthe

���捥潦猱畭�漱�慳��楯畳��灯牴�

批�乄�������楴�晡捩��瑳��

thatinthedepositiona1timeofJusanhamaEo･一

�瑩潮猱�桴����慴敲�猱潰�數楳�摩��

�摩浥��祢慳楮�

周�慮�����瑩潮��楳瑳潦癥特

�楣����癥特������������

arし｡sicsandstone,containingexoticpebb1es.

周楳景�慴楯�獣潮����潢�潮��楮攀

sedimentsonthewho1e,andshowsa丘ning-up-

睡����捥楮睨楣档����摩湧楳

����琮周敲敦�攬��慮������

tionisregardedas且uvia1deposits.

����

Re1ationshipsbetweenfaciesandfaciesassociation｡

Focies�Lifhology�sonds†ones�sholes�sondsfone一�COnglOmerO†eS�colcoreous

���楯晩潮�����昮��捫�

oo山�olluViolfon�����

δ�deposi†s�C2���ヒ,m�

証������

｣�migrαfingfluv;ol�����

≦�deposifs�91�h,i3��m�

〉������

⊃｣������

｣�disfr1butory-inter�����

く�disfribu†orydepos1ts�C2�h���

�����

y�quiefloke･ormorsh�����

�deposi†s��h���

く〔������

｣�ogito†edloke�����

�deposi†s�d一�i3��I�

�BEACHRlDGH一�����

�COASTALMARSH�b2,⊆｡�h���

�ldepOsi†s〕�����

]]�lif†OrOl†Oneri†iC�9,巨1���k�

…�sonddeposits�����

『������

く������

Σ�emboymen†muddy�����

妻�depos1†s�bl�9,i],3���

��■�一���

O｣������

｣������

く�nerificmuddy�����

工���9一���n

ω�deposifs�����

漉���

⊃�qu1etbosinmud�����

妻��bI�f一���

�数�����

…������

o○������

く�ogifofedbosinmud�����

〔o�deposi†s��⊥1,2,三�j■��

����

≦�1oferolsloPe�����

�deposifs�皇�i2■�j1�k,1,m�

｣������

■������

工�del†osloPe�����

�deposi†s�e�f���

O����⊥■,｡��

ω������

>｣������

LL�pro-deltodeposifs��f,i■■�j｡��
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V.更AC咽SASSOCXATXON

AN皿S亙n亙M亙NTARY亙NV亙RONM瓦NTS

周敦�敧�湧摩獣畳�潮潮�敦慣���

quenceoftheJu･assic£o･mationsinthesouth

Kit荻amiBe1thas1edtotherecognitionof

�物併卓�業��特�噩����牡湧楮最

止｡ma11uvia1throughsha11owmarineto

○冊shoremarine(basinmud;且ysch).Thesix

�楮捩��慣����楡瑩潮獷�捨��楳�

瑩湧畳�摩�敲�潦杲���業��特��

癩���瑳慮��楲晡捩���楮慴楯��攀

獵����楮������楳捨慰�牴���

癩���瑳慮摭潤�晳�業��瑩潮潦��渭

摩癩��晡捩�慳�捩慴楯����捲楢���

ingattentiontobothcommonan〔1specia1

£eaturesofthesefaciesdiscriminatedineach

�牡瑩杲慰����獷����癥特��献

且.A且hvia1(亙hvia且)亙aciesAssoci就ion

周��慳����瑩潮�晴��畴�

Kita止amiBe1tcontainaconsiderab1eamountof

non-marinedepositsrepresentedby且uvia1

�灯�瑳������������楯畳

しindsof且uvia1depositssuchasa11uvia1fan,

�����敲���敲楮杲�敲慮�楳�楢�

�特��敲摩�物��特�灯�瑳�����楮

�敍���畢���

1_且A11uvia1FanDeposits(A㌍亙)

周��當楡�慮�灯�瑳��湧瑯�攀

�歩湯��卡��潮敍��牡��攀

��睡物瑯来��慴楯������卵��琮

周�������潦�湧�浥牡����渭

楮��牡景�慴楯�����慳瑳�������

��琱�晢��敲���歹���慣��

paniedbymassivetoverythick-bed〔1edpebb1y

coarse-gra三nedsan(1stoneandminorpc1itic

�捫献周散潮朱潭敲慴�獣潭�牡瑩癥�睥�

strati丘edwithscourand丘11structuresinsome

�慣������畴楴楳����湯�敲献

逓｡thtypesofcong1omeratearepoor1ysortedin

granu1arity,consistingofpebb1esandcobb工es

如ithcommonbou1ders.Themodeofhorizonta1

摩�物�瑩潮潦�散潮朱潭敲慴�猱�����

suggesting1atera1supP工y.Thefandeposits

changehorizonta11yintothemigrating且uvia1

�灯�瑳�

GR0AT(1971)distinguishedthe比工1owingthree

獵��癩���瑳潦��癩�晡���慮��

(upPer血n)orproxima1曲n,ii)mid-fan(mid-

d1e血n)andiii)baseof危nordista1hn(1ower

危n).Amongthese,theproxima1fanisusua11y

��潭楮慴�批�由��慮�潢�����攀

mid-fanconsistsofcong工｡merateinterbedded

�����捲��������潮�周����

晡��潭楮慴�批捲��������潮��

addition,sedimentsduetosheet一且｡odseemt0

���潭楮慮瑩��浩搭晡�����略瑯

�牡�����浣�湮�楮��楳��慮

(BLUcK,i967;STEEL,工974).Thefanheador

�数����慮�灯�瑳�敲楣��

�牡�湧�浥牡�睨楣���敲�整�慳��

且｡w(debrisHow)deposits(BLIssENBAcH,

1954;BLUcK,1967;STEEL,工974).Proxima1

debris且｡wdepositscontainmoreangu1ar

杲慶���潭散慳���听������

工967).HEwARD(i978)subdividedthemid-fan

dep6sitsintothe比11owingburtypes,name1y,

unstrati丘edcong工｡merate,strati丘edcon-

朱潭敲慴攬������潮��捲�����

���潮�

��摯���獵��晴��畤��晡�當楡�

晡�批癡物��畴����睲楴敲���敲�

thatthecong1omerate血｡iesoftheIshiwaritoge

��慴楯�慳景���������晡��

浩搭晡�湶楲潮浥���景�慴楯���

癩捩��潦���慫���������渭

sistsofstrati丘edcong1omeratewhichgradesnor-

thwardintounstrati丘ed,massivecong1omerate

��慮楮捲��楮杲慶������楴楯測

��散潮朱潭敲慴��数潯���牴��漱�

moda1,andstrati丘ed,containing1argeangu1ar

缶agmentsofsha1eandsandstoneandexotic

grave1sofbou1dersize(most1ygraniticroc良s).

Theyhave胎aturessimi1artothoseoftheprox-

業�晡�畢晡捩�批���慮�到�

���慮���������攀

��睡物瑯来��慴楯測����牡楮����

stonere危rredtothedista1fandepositsisibund

楮���敲�牴楮�敷�����牡�潮�

inasma11amountintheupperpartinthenorth一

･mp･･t･fth…t…p･…(刑g.18).

����敲�����湧�浥牡�晡捩�

楮������敲��瑯晴��瑣���慯昀
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姜

Mediu利一beddedsandstone-sha1ealternation

慮��捫����慮�瑯�

�����極�慮�瑯��潤敲慴�����

γ

｢し!'VerysharpPenecontemporaneouserosion

���瑯����湧�浥牡��潮�楮楮最

牡�獨�散���

､(｡e､､一｡｡､七e｡｡｡､､､､｡u､､､｡､､､､u､｡､｡､)

γ

γ

↑

､鎮學'

↑

γ

γ

γ

�慳�牴潰�

Medium七〇finesands七〇ne'

晩�湧杲���攀

.｡言伽｡.

showingupward一

����湧�浥牡��潮�楮楮杢��敲�

andabundant1argeshalec1as七s.

{max.diameter;2m〕

����楮����瑩潮�獨�散���

健��杲慮由�

���潮攀

�卓�敧牡�爀

��杲�獨�攀

Pebblymuds七〇ne

������

���慮���

楮慴����潮攀

��獨愡攀

�朮㈷����浥慳���捴楯湯晴���睡物瑯来��慴楯���慫����攬�牡�睡����略��獲敧�搭

�慳��癩�晡�数�楴猨浩搭晡温�

�敍慫楮��慓慮�瑯���敲��㈱�

is〔1ividedintothefo11owingsubfaciesinascen-

dingorder;massivecoarse-grainedsan〔1stone,

pebb1ycoarse-9rainedsandstone,unstrati丘ed

�湧�浥牡�����湧�由�������

strati丘edcong1omeratewithsandstoneand

獨�攬慮�敢��慮�瑯�獨�楮杵���

�捲��楮杲������牡癥��癥���爀

��������敲慴��������

���物��牡景�慴楯�����慳瑳�慮

���晴���睡物瑯来��慴楯渮周散潮�

朱潭敲慴敦慣��獰�����業�瑳楮�攀

above-de丘neddista1fantomid-fan.

1-2MigratingF1uvia工Deposits(AME)

Migrating且uvia1depositsareextensive1y

(1eve1opedina11oftheUpPe･Ju･assicfo･ma一

tionsofthethr㏄areasintheMidd1eSubbe1t.

周��散潭灯�摯�慳�癥瑯癥特�楣�

�������牡楮����潮��敲���

withsha1e(Faciesc),andyie1dp1ant比ssi1sin

���慣����畳�慴�楮�杵�㈸�

�湧��楴潦��数�楴獣潮���晳慮�瑯�

楮���敲��慮���楮�敵灰敲���

showinga丘ning-upwardsedimentarycyc1e,5

浴漳��楣�慶敲慧楮条�畴�洮�

���敲瑩���略��晴��摩浥������

楮�敍慫楮��慓慮�瑯���敲楳��

灯�摯晢慳�楮����瑩潮��湧�浥牡�

����敲�����潮����捨杲��

upward缶｡mcoarse-throughme(1im-to丘ne一

9･･i･･d…d･t…,･･d･pP･･h･1f･h･1･(E･)

withsubordinateamountofinterbedded丘ne一
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鰯

鰯

鰯

鰯

囮

冒

□

�由�

�牲佗匀

�敵摯湯���

卯����

�慮��

StruCturε

Navyorirregu1ar1aminat〒on

剩灰�彤物晴捲���浩�瑩潮

���獣�散��形��湧

Med1um_sca1ecross_beddうng

Largε一sca1etroughcross-bedd1ng

�牧�獣�整慢由�捲����楮最

F1at-bedd1ngorpara11e11a而nヨt1on

Mass1vebedd千ng

Weak1ycarbonacεoussha1e

�牢潮慣�畳獨�攀

��攀

}･一一･･舳･･…加･･

Vεrymuddysandstonε

Coarse_tomedうum_gra,nedsandstone

(occas〒ona11yverycoarse)

�����瑩潮��湧�浥牡�

�潴�����湧�浥牡�

�朮㈸����浥慳���捴楯�潦�敍慫楮��慓慮�瑯���敲���琩�獨楫�

characterizedby丘ning-upwardcyc1essuggesting且uvia1depositioninorigin､

周楳���捥楳

杲���慮�瑯�慮��浩����瑳瑯����

(正ig.29).

Regar(1ingwiththe丘ning-upwardcyc1esof

�攀

�歩湯��

卡��潮攀

��敲�

�攀

睲楴敲���������浩������

stone'stextura1propertiesand且｡wcharacters

潦�摩浥��������慮���楳���

��数�楴楯��湶楲潮浥�慮�数�楴楯��

mode工,makingre虻rencetosimi1arsequences

楮景�����物������������

1970).Thestudy1edtothefo11owingconc1u一

匱の区

丘rst,thesandstoneofthe1owerha1fis

re此rredtopointbardepositsinariverandthe

丘ne-grainedmateria1oftheupperha1fto且｡od
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耐��1ヨmina七ion

漉�
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鐵鐵灘鱗O��工ntコ=aform且七iona1cong1o加eratewith

�α�exotioPebb1e昌

��π一^o'^刊,1ト,目｡,昌OOur昌truOtureCOmmOn

E｢os■ona1base.scou]=struoturecommon

Idealsequenceof丘ning-upwardcyc1e･intheUpPerJurassicoftheoshikaarea(a舟e･TAKIzAwA,工976).

���数�楴���慣�湮��散潮搬��牡�

浩杲慴楯湯晡���捨�����慮業灯爭

����楮�敧��楳潦����浥������

浥�楯���癥����敲慢����潦

獨�����摩浥������異灯牴���

�散��楳慴�楢畴�瑯�灯�瑩潮楮愀

浥慮�物湧物癥�晡�當楡��楮�

Theabove丘ning-upwardcyc1esthaはrecon-

sideredtobeof且uvia1originarewe1王此ve1oped

楮�敦漱��湧�癥湍�潺����瑩潮�昀

�敍���畢��潦������歡浩���

�浥�����睡物瑯来��瑩潮���歩�

湯��卡��潮敍��爬�����戰

Eormation(theabovethr㏄:Oxfordianin

age),theKogoshio亙｡rmationandKiyosaki

卡��潮敍��爬��潭�慷���瑩潮

��慢�整桲��楴��慮楮慧����敵�

���瑯晴��畫慷���瑩潮��敲

Cretaceous).Thesebrmationsarefair1ys巾i-

1aroneanotherinprincipa1此aturessuchas

��敵���捫�������������

stonegranu1arity.However,丘ningupward

杲�攬�浥潦�摩浥���������

sandyinterca1ationsinthesha1ypartdi冊er

amongdi伍erentformations.

The丘ning-upwardcyc1eiswe11deve1opedin

��潭�慷���瑩潮���㌩��

�歩湯��卡��潮敍��爨�朮㈸�

慮���睥��瑰�瑯晴��杯獨楯���

瑩潮���������楴�����牡楮�

���潮����潰�楮���敲��潦�捨

��攬慮摭�極��楮�杲���卡�却�攀

intheupperha1f,whi仁hgradesintosh級玉e.On

���敲��������潦��獨楷�楴�攀

Formation(southem血｡ies),theKiyosaki

卡��潮敍��爬��������慴楯�

慮���畫慷���瑩潮�潭�卡��

stone),thesandstoneismost玉ycoarse-tovery

coarse-9rained,medium-or丘ne-grainedsand-

stonebeingas1owas工Oto20percentinthe

���潮�

�牴���攬捲����楮��敲�楳瑩��

楮�浥�慣�睨��瑩獰潯����潰�楮

潴��睨敲��瑰�瑯晴����潮��

�������捴���献���獣�散���

beddingorripp1e-dri丘｡ross-1aminationisin-

distinctonsomeexposuresof丘ne-grainedsand-

�潮�����潮�����琱�������

a1though工aminationisbare1yobservedby

睥慴�物湧���敲�瑩�潴牡��慴慰�

������捴����慮�瑯�楳�癥��瑯

�癥�浩�瑩潮獷��漱楳��

Carbonaceoussh幻eisabundant1ycontained

楮�敍慫楮��慓慮�瑯���敲��

Tochi良uboFormationandtheTomizawa亙｡r-

mation,butis1essabundantinotherforma一
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A丘ning-upwardsequenceintheUnitKg-1ofthe1owerKogoshioFormation,Karakuwa･For1egendseeFigure

tions.Asma11amountofgra〔1edsandstone

�祥��敦��楮��敲��捫獨���瑯昀

the丘ning-upwardcyc1es.Thesesandstone

1ayersareofmedium-9rainedgraywacしe一服e

捨�慣�爬慮���楳瑩�瑰�����捲��

�浩�瑩潮�������慮�癥牡�潺��昀

捥�業整敲���捫��慮�灰��琱�業��

toturbiditesan〔1stonesof且yschfacies.

�睥癥爬����漱楴�����潰�慮��

癡物慢���牡����捫�����湧楲�

regu1ar工yu』du1atedsurfacesattheirbottomin

���慣���瑯�漬慴浯��癥牡�慮搭

stone1ayers,aresporadica11yinterbe〔1dedina

�捉��潭数�捥献

卵捨杲�����潮��敲獨慶敢��

�灯牴�批癡物��畴�����剳���

協��夬�����������㈩景爀

a11uvia1且｡odp1aindeposits.Inthesecases,the

graded1ayershaveavarietyof此atures,suchas

�摩浥��������業��瑯���晴��

bidites,thecoexistenceofgrade〔1beddingand

捲����楮����楮�牴潦慳慮�瑯�

bed(HUBERTandHYDE工982),ortheintercε芝至a-

瑩潮潦慢�琲浴�捌���潮��敲���渭

楮材敢��楮楴猱�敲浯��牴�����

����睥癥爬偉�剄慮������

�楮�楮��慴��慴敲楡�潦��敧牡��

�祥�睥��慮獰���祷慮楮杣����略

to且ashed且｡odona1owergroundofa且｡od

��渮卵捨慮��楳������晴�

Ju･assicg･aded1ayersinthesouthKitakami

���

��整牡�楴楯���瑢整睥���慮�

�牴��睡������牴慢����

丘ning-upwardcyc1eoftheSouthKitakamiBe工t,

�敦漱��湧��敦慣���摩�楮杵楳�搬

�浥��慳�癥��������祢���

･1t･m･ting･h･1･･nd…d･t…(P1･t･I-3),

慮��浩���慮���瑳瑯���潦睨楣��

���敲�瑯���牡����灯�瑳�杯潤

examp1eofthedepositsisshownin亙igure30.

Actua11y,itiswe11良nownthatsuch1enticu1ar

���潮��敲���慢����楮�捥�

�癥������湫�数�楴猨偉�剄慮�

����㌺����㌩���晡捩�杲�敵�

睡�楮瑯楮敲獨�敦慣��睨敲整�楮����

tiOnSOf丘neSandStOne1ayerS,SeVera1Cen=

timentersthic良,tendtothinrapid1y1atera11y.

�獨���湯������睥�慮��牴

ofthe丘ning-upwardcyc1eisasmuchas20to

㌰浯�����捫���瑳�摩浥����

�敷���楳������湲�慴楯���渭

��慴�洮�潯����潦�楳楳�����

楮���捥獃慮�楮�杵�㈸�

却��捨慮��慴��獨慶敢�測楮

genera1,c1assi丘e(1intothreetypes,name1y

���搬�牡�桴��浥慮�物湧��瀰�

慮�が�丬���������剥条��

楮���牡�桴��慳���敲楮���昀

癥特��楮畯�������慴���攀

杲��摩�潴���������浥慮�爭

楮木卅�夬�����ぎ��㌩�慮��

捥�慮����數���潦�������

�摩浥�獨慶敢�湧��批癡物��畴��
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(D0EGLAs,工962;BLUcK,1967;C0LEMAN,

�������������卍��

工970;CANTandWALKAR,1976)andinaddi-

tiontherearean星1mberofreviews.However,

�����敲�摩浥��潮潴��瑯����

distinguished丘｡mmeanderingriveroneson1y

bytheverticaユsequenceasdescribedby

���慮���������楮�潴�

dataobtainεd止｡mthevarioustypesofbraided

riversed三mentsreportedintheabove

re此rences,its㏄msthatmuddysedimentsdue

tovertica1a㏄retionare,9enera11y,marked1y

此w,andsandysedimentsarecoarsegrained,

慮�潯����摩�潭�物��楴桴��潦

浥慮�物湧物癥��業�瑳���癥爬��搭

�物癥��業�瑳����癥特���浯��

潦�癥��業�瑳���潮��散����摩湧�

an〔1ripP1e-cross1amination.Thesearea1so

捨�慣�物������業��特��捴��慳

�慮�����整�晣����摩湧�癥���

楮����整�灰敲����瑳潦�散���

慮��潮獰楣畯畳獣������������

�潮敢�献�����敲獨慶楮��慢��

浥�楯�������海�散�湮�����

�敲異����慣����敲慮摯���爀

猱潰����剡�������

��浥���睨敲�畤��摩浥���

�浯��捫楮条���楮���捥獃慮�

inEigure28,them勾｡rpartiscomposedof

����牡楮����潮敷楴����浯��

of丘ne-grainedsandstoneandsha1e.Uptothe

異健��景晴���攬��������摩湧楳

��潭楮慮��物�������楮慴楯��

a1most工acking.Thesecharactersmaycorre-

獰潮���祷��潴��潦�����敲

�摩浥����瑩潮�慢���楳���景��

��畭��慴�散��猱慣歩湧���

sedimentsrepresentedbysuchunitsasC1;一D1

and-D2inFigure28were£ormedinenviron-

浥�潦楮���祢牡�����慮����

su㏄eedingC3andD3unitsweredepositsunder

捩�畭�慮捥�畩��敦��摩浥�慴楯湯昀

浥慮�物湧物癥�����物癥�数�楴��數�

�捴�瑯�景��整睥����當楡�慮

�灯�瑳瑯����慮��浥慮�物湧物癥爀

depositstothesouthintheIshiwaritoge亙｡rma-

tionanda1sobetweenthetwodeposi芝softhe

�歩湯��卡��潮敍���周��攀

��������睥����敲晡捩�楮�攀

IshiwaritogelFormation(Fig.18:s㏄tion6)

andbythe1ow伐岬rtoftheMakinohamaSand-

stonea1ongtheMaたinosakisection(Fig.21).

Inaddition,thefaciesofbrai〔1edrivertypeis

景�摩��異���瑰�瑯晴���慷愀

��慴楯��整慣�畳���������

慮��業�瑳��畭慢�潦�����敲

originarescarce1y£oundintheJurassica11uvia1

晡捩�潮�敷���

Asbrie且yreviewedbyTAKIzAwA(1976),

the且uvia1depositsofgeo1ogicage,suchasthe

DevonianandCarboniferousdeposits(pa亡一

瑩������睥��剥�慮�瑯���

��灰�慣�慮���������慮慮�

�敲楣慮��楮�瑳���������

ALLENand服IEND,1968;MEcKEL,1970)and

�敇潮�慮慓������������

RET,工965),havebeenstudiedindetai1.

�����灯�瑳潦�楳���敦��楮�攀

widegeochrono1ogica1range止｡mthePrecam-

brian(SELLY,工965)totheCenozoic(C0N-

RAD,1969;PUIGDEFABREGAs,工973).Inthe

��瑯晴���晥����瑳�由�����稭

edthatthe且uvia1depositsoftheJurassicofthe

��歡浩��潮�癥���爭杲���慮搭

stonean(1thic良ercyc1esthanthoseoftheLower

○旧RedSandstonesandtheGondowana

System.However,the且uvia工depositsinthe

��歡浩��潮慰��瑯��浩�牴潴��潦

���潮楡���牢潮�敲��晴���

��捨楡��慮���捴�獵捨慳杲慮由�楴�

潦���潮攬�楣���晣���牡瑩����

pertiesofmuddymateria1s.Ontheotherhan〔1,

itisa1soknownthatsomeofthe且uvia1丘ning-

異睡����楮�敕灰敲�癯�慮潦���

paユachiansareverythic良,averagingnear1y30

������������慮慮捩��砭

amp1eofenergetic且uvia1sedimentation.

且_3Distributary-interdistributary

Deposits(A皿且)

Thedepositsconsistofmassivetothicトbe(1d-

�����牡楮����潮��敲�����

sha1ewhichcontainsp1antbeds(Sub血｡iesc2)

慮���潮潴獨�異睡��捲��楮杲��

�����癥爬���敲慴��潯物��牡景爭

�瑩潮��湧�浥牡���湮�����潭�

�物��楴桓畢晡捩�捩��獨���瑩潮楳
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灯�楮�浩��瑰�摯浩��楮�爭

bonaceoussha1eandp1ant止agments.The

�灯�瑳潦�楳���敲数������數��

p工e,bythe1owerpart(Ky-1:P1.II-3A)andthe

異���琨�����㌱�潦��楹�慫椀

卡��潮敍���晴���慷���瑩潮�

theupperpart(Kg-4)oftheKogoshio亙｡rma一

瑩潮���敵灰敲�牴潦��潭�慷���

�瑩��

�楳睥����楳�摩湧�敲��慴物癥��攀

潮�晴�浯���物�瑯特��楮���渭

癩���瑳瑯慣���瑩湧�牧���楴��昀

����牡楮����潮��睥癥爬��数��

楴獣潭�楳楮杓畢晡捩����潭敷�瑤楽

胎rent缶｡mthemigrating丑uvia1depositsver-

ticaユ1yadjacenttoSubfaciesc2inanysequence.

周������捥潦捨���慧��楮�

��潴�牡癡�慢���獵��瑳慳�業��

taryenvironmentwithre1ative工y1ow且｡w

�敲����癥爬�潭�敦慣��瑩��異�

���景晴����睡�獨����晴�

�整慣�畳�牡�楮�敏獨楫��愬�攀

�灯�瑳��楳瑩湧潦卵�慣�獣�慰��

捨慮来���睡爨������物�晡捩��

�敷物�爨�������潮捥獵����

�慴��数�楴獨慶敢�湯物���摩�

�慳��楳�楢畴�祥湶楲潮浥��

��物��特捨慮���業�瑳楮��

�牴�晴�������楳�������昀

��楴慫�楲敧楯���慢����晣��

bonaceousmudandp1ant缶agments.The

景��晴����捨����摩�物��特�

���楮�湶楲潮浥��由�敧牡摩��

浥慮�物湧����敲慢��牡�桴慣�爨�湧

瑯����捥献卯浥摩�物��特捨��獣慮

景�������������慳�潰��

byWURsTER(工964)and亙ERMandCAvAR0c

(i968)orasseeninmanyrecentde玉tas.

Inthedistributaryofcomp1exHowsyst鷲m,

�浥��牡�桧湯浥�����牲敧由�

捨慮���牡瑩潮慮���潰浥�潦捨畴攀

慮�桵��爬��楡�整潰�癥����業��

tation缶｡mmaking丘ning-upwardsequences

����慮��久�������慮�

���丨���������瑤楳�楢畴��

捨������瑩癥��牡�桴������攀

慣���瑩潮潦���潮整��楮楳�整潴�

(1ownwardaccretionwhichisfaci1itatedbycom一

�捴楯��畢�������数�楴楯���

�楢畴�瑯��������瑩潮��

��潭�潮潦�敵���散�慳�湧牡楮

sizeisnotinevitab工e,becausestreamchanne1s

��楡�整���潮慮���湧�畤���渭

瑯慢慮摯���湮����捨���

�摩浥����楮��灯���卵�慣�獣��

���敲�瑯�癥��来�牡������

����晤数�楴楯��摩�物��特�癩�渭

浥��

��浴�慢��癩���慮搨�獣畳�潮�

Subfaciesc2isinferre(1tohaveb㏄nformedin

摩�物��特捨慮��慮摩�敲摩�物��特

����湧楮瑯�������灯�瑳�攀

re胎rab1etothedistributarychanneI-marsh-

swampfaciesinthe且uvia1systemsproposedby

���慮��������

2.L放eFaciesAssoci就ion

周楳慳�捩慴楯測睨楣���敲��潢�昀

non-marineorigin缶｡mthenatureofthe

慳�捩慴�獨�攬楮�畤��摩浥���数�楴�

£ormedunderavarietyofcontinenta1en-

癩���瑳���獣��������當楡�

��慮����浮楣����潮��獨�

ephemera11ake).Withresp㏄ttothe

��潦慣�����潮����慮瑩�潭攀

�慣����獨��獰�摯浩��楮潴���

Genera11y,thisassociation三s£oundabovethe

shaユ1owmarinesanddepositsofregressive

�慳�牢潴��癥慮������牡瑩湧

極癩��灯�瑳�瑩獲敧�����渭

termediateassociationbetweenthetwodepos三ts

mentionedabove.Butitisdi冊｡u1ttoascertain

��数�楴楯��湶楲潮浥�潦�楳慳�捩慴楯�

楮�浥��献周楳晡捩�慳�捩慴楯��

c1assi丘edintothetwofaciestypesofdepositsto

���捲楢����

㈭�����慫�数�楴猨��

�獨���������数�楴獣潮��潦

beddedand1aminated丘ne-tomedium-grained

���潮��敲�����獨���捩�携��

���周楳�灯�瑳��物��卡歡杵捨�

楲�慷慓慮�瑯���敲潦���慫畷愀

��瀬��楹�慫楓慮�瑯���敲潦�攀

OshikaGroupandtheTochi良uboEormationof

��潭慇�異��漬�浩��数�楴��

景�搬景��������楣歳��灯牴楯�
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Gray昌ha1e

Upwa]=d-ooa]=昌畠niggrain-siz色

Para11e1-1目minatedεoross-b自dded

medi㎜tofin色舶nd昌tone

F{equently昌howing七arbu1aroross-b畠dding

Convo1uted昌t]=uoture

Shalein亡er1割minatedwithveryfinesandstone

V色rythin1yb自ddedor1a皿1inated昌ha1e且nd

fine昌and昌tone

Ripp1e-driftc]=os昌一1amina七edsand昌tone

P且ra11e1-1目minatedfine昌andston畠

C]=o呂昌一beddεdfine昌and昌七〇ne

Thiok-beddedm色dium昌andstoneand昌ha1色'

showingupw且]=d-fininqg]=且in-si筥自

St]=uoture1essfine昌目nd昌ton色interbedd色dwith

gr宣y昌andy≡≡ha1e(indi昌七inctユy

bounded〕

Massiveg]=ay昌haユε

RipP1e-driftoro昌s-1a皿ina七edfinesands七〇ne

interbeddedwithq]=aysha1畠

Fin遣昌andstoneinterbeddedwithg]=ay

s目ndyshaユe

�朮㌱����浥慳���捴楯湯晴�浩���牴潦

��慫慧��楲�慷慓慮�瑯���敲��慫畷�

周��慴��癥慮�����楳�����慣�獨�

����牢��摧牡���潦湯渭�物�����

sequenceisprobab1yagitated1akedeposits･

ofthe丘ning-upwardcyc1eintheMahnohama

卡��潮敍���周数�摯浩���昀

cross-strati丘edsandstoneandthefrequentinter一

｡a1ationsofmud(1ysedimentsindicatesedimen-

tationsattributedtorepetitionsofactivewater一

且｡wactionandsuspension1oa(LSuchnon-

marinesedimentation〔1uetomixed1oadoc一

･･…dp･･b･b1yi･･1･…t･in･(1･良･)…i…一

mentaSWe11aSina且uVia1enVirOnment.

�睥癥爬�捩�摩�楳瑩湧畩獨�

�潭

且uviaIdepositsrepresentedbyEaciesc1bythe

b11owingcharactersistics≡noindicationof

strongwateractionsuchaspenecontem一

poraneouserosionstructures,intra比rmationa1

�湧�浥牡�猨獨�散��猩慮��来���

捲����楮朮��牡�敲捨�慣�物���

sma11-sca1ecross-beddingandgoodstrati丘｡a-

瑩潮���批�敦���瑩�敲��瑩潮�昀

thinner丘ner-9rainedandbetter-sortedsand-

�潮敢�献����摩���������

�����潭数�捥��瑩�慮��敲���

�整��祢��摯��睡癡���步慰�

pearance.Theabove此aturescoincidewith

���晴����物��摩浥�猱楳���

PIcARD(1957).Hedescribedthedi冊erences

��������晤数�楴����物�慮�

且uvia1,insedimentscomprisingsandstoneand

獨����摩瑩潮���摩浥��晴��畤��

���癥慳�業��特���捥癥特�浩�爀

瑯�慴慳�杮�瑯���物��摩浥���

HEwARD(1978)andP0LLARD勿αム(1982).

周����条��慳���業�瑳����瑯愀

�步����捩���礬慳瑯�捥��步��愀

�摩浥���楮�慮捥�����渭��慯昀

�步����攬���浴�捫���潮敢�

睨楣�慳���灯���楮捥�〰�慮�

1ocateddownto30mbe1owthe1a良ebottom

(F0RsTNER勿〃.,工968).Thissuggeststhatsan-

dysedimentscanbedepositedinacomparative一

��数敲灯牴楯湯晡�步�

��晥牲楮�潴�慢�敲敦敲�捥��攀

卡歡杵捨�物穡睡卡��潮�晴��牡�睡

����慰�瑯晴��捨楫畢���瑩潮

oftheSomaGroupcanbeinterpretedtobe1a良e

sedimentswhicharecomparative1yrichinsand一

�潮��睥癥爬楴楳湯瑰���整����楮攀

睨整�牴�慢���慴��潦����物�測

��畳�瑳��牡�慣�獣�湧�慳湯瑢��

su舶｡ient1yunderstoodyet.Itisconsideredthat

thesestrataoftheSouthKita良amishowing

cross-beddingweremostprobab1y比rmed

undera1aしe-de1taenvironment.Iftheywere

depositedunderanon-de1taenvironment,rip一

��捲�猱�楮慴楯湯������捲���搭

dingshou1dbeeasi1y此rmedinthesha11ower

�牴潦�步献�慮�慳攬���慳��晴�

卯畴�楴慫���琬慳浥�楯����敲�潮�

tainspredominant1yofsandy且uvia1deposits;
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the1akeintheareamayhavebeeneasi1yin一

且uencedbysandyin且｡w,most1yduetorivers･

Thesequencewiththic止ermuddyrocksin

the且uvia1丘ning-upwardcyc1esinthisareaisin-

�牢���楴�楳瑩�琱��癥�楫攬�浩���

���潮��浩��業畭�楣����朮

�朮㈸���楮�������潮��潭攀

�牴�晴��楣歳�����捥�����潮攀

慮�慮�瑯������楮�瑯��摩浥��

慣����摩���敲�慮����步��

depressionsof且｡odp1ain.

2-2Q只ietLakeorMarshDeposits

���

周�数�楴獣潮����潭楮慮琱�普潮�

�物�獨�敲数�����楮�批����爀

���杲�獨�攬���浥�慣歳��

�慣�獨�周����敲�����

1aminatedsi1tstoneor丘ne-grainedsandstoneat

�浥���瑩�����灯�瑳�ぴ�〰�

th三｡k,arerepresentative1yfoundinthe1ower

�牴潦�敍慫楮��慓慮�瑯���敲�

��楹�慫楓慮�瑯���敲��瑋�

and5)andtheToch止ubo亙｡rmation.

周���浥��普潮��楮�湶楲潮浥��

慮������湧�楣�畤��摩浥��略

瑯獵獰��潮���散潮�����慶��

cumu1atedin1ake(1acustrine)ora11uvia1且｡od

p1ains.Thea11uvia1且｡o(1p1aindepositsareeasi-

�浩��楴�慮���物��整潢���

�慮獰��瑩潮�潮��楮杭����楸���

�灯�瑳��久�慮�����㌺倮㈵��

Therefore,a1akeormarshenvironmentisex一

㏄eding1ysuitab1e£orthedeve1opmentofthic良

��瑯�����

�捥�景牴�慧楴慴��步�灯�瑳浥�楯渭

����爬楴楳����瑩�慫��業�瑳�攀

杲����楳�楢畴楯湧�敲��癡物���

waterdepth,thatis,丘nermateria1increases

withdepth(TwENH0FEL,1932;M亡LLER,

1963;M亡LLERandGEEs,1970).Ontheother

hand,ancient1出esedimentsincontinenta1

��潮獣潮�楮��来���潦�牢潮慴攀

�捫���猱業�瑯�慮�漱潭楴����

瑩潮瑯������礬�慳瑩�慴敲楡�噉���

1965b;PIcARDandHIGH,工972;C0LLINs0N,

1979).巫utsuchnon-marinecarbonaterocks

��潴景�摩���牡�楣潦��楴慫�椀

region.Inthisregion,themuddy･1akedeposits

areinterbedde〔1sporadica11ywithgradedsand-

�潮��敲������慴��慮�����

1aminatedsandstoneinsomep1a㏄s.Graded

���敷��湯�楮�捥��步�灯�瑳

(HoUB0LTandJ0NKER,ユg68)aswe11asin

o1derones(SANDER,工968).Thesegradedbe(1s

����楮�慳�慮獰����灯�瑩潮批�爭

biditycurrents且｡wingdown1akebottom,The

數���晴���歡浩��潮獵��瑳�慴

somesedimentswereaccumu1atedby且｡odcur-

������步��潭�

�潭���癥�獣物�楯測��数�楴獣潭�

灯�摯�慣�獨�散潮����潢敲�慴���

�����数�浥牡�慌�数�楴���

a11uvia1Hoodp1ain,associatedwith且uvia1

�灯�瑳�

3.遇eachRidge-Coas屹1M服shAssocia-

tion(A逓R)

周�数�楴������潦���整�敲�

�楣�������潮��敲����楴����

�睡��捲��楮杲������楳瑩�瑯爀

湯瑯�敲癥�������数�楴���浩�爀

瑯��楳�楢畴��楮��楳�楢畴���灯�瑳潮

thewho1e,thesandstoneis丘nergrainedan(1

��敲�牴��慮�慴潦��楳�楢畴��

�灯�瑳���癥爬��浯�瑯晴�楮�

�牢�����楳慳�捨慳�瑯㌰����

潦�楳慳�捩慴楯������楳獨潭敷��

�牢潮慣�畳楮����献周�慮�瑯�

来�牡����捲����楮杯晰��牴�攀

慮摩�慳�癥慮�������楮�浥�牴献

Cross-bedsetsrangeinthic良nessbetween0.2

慮������物��整獵��瑯�

thic良inthecaseoftheMakinohamaSandstone

�����

周��数�楴��景�摩��牴潦�攀

KogoshioFormation(Kg-iandKg-4:刑g.32),

�敵灰敲浯��牴潦�敍慫楮��慓慮搭

�潮敍��爬���敲浯��牴潦�攀

���歩卡��潮敍��爬慮�潭��敲

景�慴楯���異���瑰�瑯晴�

TochikuboEormationaユsomaybere此rredto

���数�楴献�������物��灯�瑳

���潮�捴�����癥景�慴楯����

�灯�瑳獵�������数�楴楯�潯��捥

楮�慳���慳���癥爬���敲楮����

parat三ve1ywe11-sortingofsandgrains,thereisa
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�朮㌲�摩浥���楣��捴楯���瑋札�晴��杯獨楯��慴楯測慴��慳�浥硴�浩�潦��猱整潦佳���

Karakuwa.Depositioninmixedenvironmentsofsh釦1owmarineandnon-marine(Huvia1sequence)isshown.Arrowsin

捩�����浩捩����楣慴数���牲�瑤楲散瑩潮�晣����摩湧慮�漱��歳�獰散瑩癥��

工argepossibi1itythatthedepositsarebeachdistributarychame1depositsoftheKinderscou-

物摧�慮�獵捨慳�慳�����楮捥��渭瑩慮�����業�瑳�灰敲�牢潮�敲��

���慴�獨��獣潭�牡瑩癥����������朱慮��灯牴�批���

捥���楳�由�慶敢��敲���潭����

coasta1backmarshAsseen缶｡mEigure33,

distributaryofestuarineenvironmentswithex-4.Sha至夏｡wM雛i鵬肋｡iesAssoci就io⑬

����慣桲�来�����獷敲�����物�晡捩�慳�捩慴楯���潦

��畭慢�潮慣�����渮周�数�楴���楮捩��数�楴獣�牡捴敲楳瑩�晴�

maybecompa･ab1ewiththemed三um-sca1eJu･assicinthesouthe･nKitakamiBe1t.This

cross-beddedcosetswhichareunder1ainbytheassociationisrichincoarse-to丘ne-grained
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Fig･33Diag･amshowingsuggesteddispo･itionofva･ioussedimenta･yenvi･onmentsoftheJu･assicnon-ma･inedeposits

intheSouthKitakamiBe1t.Thisi11ustrationisbasedonsedimentoiogica1dataoftheOshikaarea｡

�歯��慮�瑯���摩湧慢���浯�畳��

fossi1s.However,itisdi冊｡u1ttoexact1y

�瑩����数�潦�灯�瑩潮楮慳���

�物��癩���琮��������

de丘nedthe``sha11owseas,,astheseasofdepths

of10t0200m.Ta胎ngthisintoconsideration,

theJu･assicsha11owmarinesedimentsarecon-

sideredtobe(1epositedonthesea且｡oratmost

100mdeepo旺theshore1ine.

剥条�楮���牡�楣潦����

���浩���楴瑯牡��業�瑳������

楮�数���慳�捩慴楯測��畳整�摩�楮�

瑩潮�����������敲瑩��牢�捨�

an(1sub1ittora1sedimentsisinsu冊｡ient.

Thisassociationisc1assi丘edintotheio11ow-

楮杳�敲����晴��灯�瑳睨楣桷敲攀

£ormedundervarioussha11owseaconditions.
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唾一且TransgressiveSha11owMarineSandy

�灯�瑳���

�慮���������物����数�楴�

�散潭灯�摭�琱��慳�癥瑯���

･･･…一t･丘･･一9･･i･･d…d･t…(F･･i･･…d

戩����琱���湧捲����楮条�

�牡���浩�瑩潮��杲����瑯晴�

���潮�獣�牡捴敲��批��楴�周�攀

�灯�瑳�����牡捴敲��批��摩湧慢��

���物��癡���獰散楡��物杯��献

�����楮�慮�数�楴��景�摩��

threestagesofBajocian,UpperOx£ordianand

�牲楡�慮楮�敍���畢������楮

thefourstagesofHettangian,把勾｡cian,Titho-

�慮慮摂敲物慳楡���坥��卵��琮�

thesedeposits,the昼勾｡cianonesaremostexten-

�癥�數灯�摩���牡�楣楮����

Kita良amiBe1t.Thethic止nessofthesedeposits

楳来�牡�������晳�敲���潦浥��

����畴楮�浥�����捨�㈰ね�

浯�慳楮�散慳�晴�味畫楮�牡卡��

stoneMemberintheOshikaarea(亙ig.19).

周整牡�杲��癥獨����楮�慮�

�灯�瑳���楴档���杲���慮�瑯��

andgradethroughmedium-and丘ne-grained

���潮���慮�獨���獣�摩湧��爬

慮摩�慮�慳����敲異睡�楮瑯�楣�

sha1ebedsofprobab1eo伍shorebasin一且｡or

�灯�瑳�潮朱潭敲慴����摩�瑳���

�牴楮�浥�慣����灯�瑳慳慷��

gradegra〔1ua11yfromnearshorefaciesinto

○旺shoremud,suggestingatransgressiveen-

vironmentchanging缶｡msha11ow-waterto

�数�慴敲�

Itiswe11良nownthatinsha11owseasa1arge

���潦��獣慮�慣����摯�

�慣�猨�捫獨�攬景�獨���獨�敦慣��

獵�楴瑯牡�慮��慮�慮�慶����癥爬

捨慮���獨���步���潮敢����

formedundertheiniuenceofstrongriver一且｡od

�坏牓���

The〔1etai1softhesedimentaryenvironment

oftheJu･assicsh副1owmarinesandstonebeds,

�睥癥爬��潴���瑯潤癥特睥��散慵�

���業��特��捴��潦��敢����潴

yetsu冊｡ient1yc1ear.Itisobscurewhether

�������捴����灰�牡��潦�攀

Ju･assicsandstonebedsatmanyexposu･esare

��楮���整潤楳慰健�慮捥�晴�

�牡瑩楣慴楯��������潮朱祷��敲楮最

�潴��慣瑯��捴��礬楮����慮搭

�潮敢���浩�瑩潮楳摩�楮捴�摩獰�祥��

�浥數灯獵��畴湯瑳�湯����慴潴�爀

���瑩�湯瑦�慰�琮�����������

�潮散潮�������捩�捥浥�楮本

�摩浥���������癥特�����敲瘭

�慴�浥睥慴��������畴��敲�

obscureatother缶eshoutcrops.Accordingto

REINEcKandsINGH(工97亭),J0HNs0N(工977)

慮�������楴楳��步��慴���

jo･ityofrecentandancientsha11owma･ine

�摩浥����������捴���献

周数�����捥����畧桷�捨

sedimentsaretranspc三rtedintosha11owseasare

癥特摩癥�散潭�楣慴����数�捥��

werec1assi丘edbySwIFT勿αZ.(1971)as比1-

�������楮杯捥慮�牲�瑳�����爭

���㌩浥��漱�楣��牲�瑳�楲散�楮搬

睡癥慮�瑯�獵牧�������牲�瑳�

������灯楮�摯畴�慴�晴����

cesses,storman(丑tida1currentsarethemost

業灯牴慮�������献��楳睡礬�攀

shauowseasedimentsoftheSouthKit荻ami

�����摩�楮���桴潦�散潮捥�潦

���摯浩����瑩��潭楮慴���

�卓��

�摩獣畳�湧������物��灯�瑳潦

theJu･assicinthesouthKitakamiBe1t,itis

�捥���潴慫数��来�牡�楣��楴楯�楮�

瑯���敲慴楯渮�����獣物��慴敲��

JurassicbasinofthesouthKitakamip･obab1y

睡��浥����慮��慷楴����癡�

��潮楴�慳����周敲敦�攬�整牡�灯爭

�瑩潮潦�摩浥����楮�畤楮杯捥慮�爭

����瑩潮�慢�数���票�湯業灯爭

tante伍ectuponthedeposition.Accordingto

certainreports(e.g.M0GI,工963),tida1action

isgenera11ypowerfu1inin1andseas,an〔1thus

�潯��慣����湧来��猱潰���攀

����癥���周敢�獷�捨��浴��渭

獰楣畯畳�癥���瑯晢�����楮晥牲�

瑯��灯�瑳楮慮楮�牴����������攀

景�摩���睥��瑯晴���浩��敲

(亙ig.34≡刑.In-3A)andtheKobitawatashi

Member(PI.III-3B;TAKIzAwA,工975)inthe

OshiしaPeninsu1aandtheKogoshio正｡rmation
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Thincoarsesands七Qne
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Si1tyfinesands七〇ne

Cross-beddedmediumsands七〇ne

Showingupwaエd-fininggrainsize

Channe1s七ruc七ure(七idaユ｡hanne1?)

･fi11edwi七hgradedcoarse七〇fine

Horizonta⊥burrowssandstone

Ve]=七ica1burrows(bioturbated)

�

Channe1struc七ure

YYSandy1aminite,bioturba七ed

�

�湯��湮敬

�

YyBioturbated七hin-beddedsands七〇ne&sandy

獨�攀

Massive.s七ructure1esssi1tyfinesands七〇ne
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��楮慴��潭慮����獨����楮�湶楲潮浥��

�札�慮�札�楮���慫畷���

�楳睥����楳���瑩���������

灯睥�由慣瑩潮�晴���牲�瑳�楮��

'wavehaveimportante伍ectsuponthesedimen-

�特�����晳慮��睥癥爬慳�条���

Jurassicstrata,itisd冊｡u1ttoreconstructsome

concretebedformsan〔1processesorcurrents

睨楣桷敲散潮�楢畴��潴��灯�瑩潮�

��畳整��摩浥�����������

formsarenotfu11yc1ari丘edatpresent.

InsomepartsoftheTsuk三nouraSandstone

MemberandtheAratozaki亙｡rmationofB勾｡-

捩慮慧敷��獨����楮�慮�数�楴�

arebestdeve1oped,thichcoarse-grainedsand一

�潮敢���楮�牢���楴�慮�獨�攀

���

��瑩潮潦�������������

suchasムαん〃〃α,Ko6紗ω〃〃∫and万｡刎ゴ｡∂oη,be-

ingassignedtotheCyrenoid(``0or〃ωZα,')一

faciesofHAYAMI(1962).Theseおssi1ssuggest

�慧〰��湖楲�浥��

���略����味畫楮�牡卡��潮攀

MemberandtheAratozah正｡rmationaremain一

1yof1ittora1facies,butpartsofthemarepro一

bab工yoftemporary1agoonorembayment

origin.Dur三ngthedepositionoftheTsukinoura

慮���慴潺慫�慰�瑯晴�獨����睡�

�潢慢����批慢�物敲�牡���愀

1agoonwasformed.Aprobab工etida1channe1

�慶敲�湧��物摧�������杯潮慮�

������慷慳灯�楢�景��慮�慳慣�

��慮�����摯浩���慮�数�楴楯�

慳楮�潤�������敢�瑩�����
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����敲������祭畤�晴�

味畫楮�牡��敲慮���慴潺慫�潭�

tionwereaccumuIatedprobab1ytowardo任一

shore缶eefromanysub1ittora1waveaction.

周��慮����慮�獨����整��楴�

some丘nermud(sha1es)whichwereprobab1y

depositedfurthero任shore,areinterbedded

������潭�極�杲���慮�瑯�献

周��慮�瑯��祥���浴漳浩�

thickness,arec1assi丘edintothreetypes;1en-

瑩���慮�瑯�����������摩湧

�����������捴����慮�瑯�

withso1emarkssuchasgrooveand且utecasts

����慮������浩�����慮�瑯�

(most1y丘ne-9rained;type3).

�����楯畳���晳慮�楮����

瑩潮���慮�瑯�潦���獣潮�����

havegenerated缶｡mmega-ripp1esorsma11-

獣��慮�慶�����慶敢��牡�灯牴�

probab1y缶｡ma1ittora1zonetoasub1ittora1

��批瑩�����献周���瑯�楳牡��

mixedwithgranu1aror丘nepebb1es.Thesand-

�潮�晴��楳���散潮�楮楮杣潭�

�牡瑩癥�慢����牢潮慣�畳��物��

慮摩瑳������楣慴�灰�����湯爭

�睡������������晳慮�瑯�

showsgrade〔1beddingatsomep1aces,butthe

gradingb㏄omesindistinctasthe1ayersin-

捲��楮�楣�����睨漱攬�畳����

����湧�硯�牢�楴��������摩�

of且yschfacies.Actua11y,anumberofexamp1es

潦獵捨慮捩�瑳����物��灯�瑳楮�

terbeddedwithturbidite-1i良esandstoneshave

beenreportedbyWALKER(工969.1970),

READING(1970),BART0LINI勿αZ.(1975)and

McBRIDE舳Z.(1975).Theyhavemaintained

thatthesedepositswere£ormedbyriver-

generated且｡odcurrents.Astorecent

�摩浥���牢�楴��步�摩浥���敲慴�

byriver一且｡odsareknown缶｡mtheo伍shoreof

themouthoftheKongoRiver(HEEzEN功αZ.,

1964)anda1so缶｡mthatoftherivermouth

楮�敷����慳��敧楯湯�牡�攀

(NEsTER0F勿αZ.,工968).Thereおre,itiscon-

����������潮�晴��楳潦��

energyoriginan(1isriver-generated且｡od

�灯�瑳�

周数�����浩�����慮�瑯���攀

㌩�潢慢���楮慴��潭獵�楴瑯牡�慮�

��物�慮�慳�慮獰��摩�潭畤���

vironmentssuchasdeepero任shoreareasby

却������

��������獵歩湯�慓慮�瑯�

��敲慮���慴潺慫���瑩潮��

潴������物��灯�瑳潦��捩慮慧攀

��業���潭灯�瑩潮慮摭潤�晶敲瑩��

癡物慴楯湯昱楴�晡捩����牡�浯湯瑯�

湯畳��潭�������潮敵��摩��

獵�楴瑯牡�慮�獨��

IntheSouthKita良amiBe1t,thetransgressive

獨����楮�慮�数�楴�晋業浥物摧楡�

慧散潮��潦�摩浥��整���������

ofB勾｡cian,anddonotcontaincong1omerate.

Themedium-to丘ne-grainedsandstoneofthe

�睥��瑯晴���浩��敲楮�攀

佳�歡��獨��桲��捲����楮本��

�楳楮条��慴楯湯晣�慮��楸�潯�慮搭

�潮��������潮敲慴�牲楣��慴物�

insomep1a㏄s(Eig.34).The1attermayhave

��景��楮��������潮獷楴桷�步爀

睡癥慣瑩潮�慮�敦�浥�周���捥潦

����歳楮��慮��略��畧来����

��湶楲潮浥��獣����整睥�慳���

sca1ewave一五〇rmedsandbarsonshorefaceandin-

�牢����献���敲��灯�楢�楴�晴�

���捥潦�慧潯����畴�慳���牴潦

���摩�������楡��楳慰���

瑯����楮�敦畴��

周�����物���晡捩�潦�攀

Nakanosawa亙｡rmationintheSomaGroup,

����湧歯����歳�獣潭灯�摭�渭

1yofcoarse-9rainedsan〔1stoneinthesouth

������楣慴楮杤潭楮慮瑳�業��瑩潮

楮��獨���慳睨敲整��慣瑩潮睡�

strong.Ontheotherhand,medium-to丘ne-

杲���慮�瑯�������畳����

��楸楳���敲慢�慢���楮�浥

�慣��獰散楡����湯牴�慳琬��摩湧

慢���潰����癡��獵捨慳�捴楮��

1i㎡ids,astartidsandtrigoniids.TheTorinosu

��晡捩�睨楣档潭�楳�����数��渭

�瑩癥�健��慳�据敲楴楣�癡�敦慵�潦

��測獨����晡捩��牲�灯�楮�潴�

○伍shore``sha11owmoundassociation''一domi-

natedcomponents(TAMURA,工96工).Inthe

卯������慷慳�潢慢�湯瑶敲���
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棚｡昌｡一｡､目･､､･､日､｡､｡｡､直

����浥慳���捴楯湯晴��歡湯�睡��慴楯測卯��

withmanygent1eundu1ationsonthe且｡or.

�慮����湫獰�獵��祥硴���

○舐shore.However,thebedformsandstruc-

���晴�����摩��癥湯瑢��由�

C1ari丘ed.

��敧��������物�卡��

�灯�瑳���

Someregressivesandbodiesoccurbetw㏄n

thea11uvia1faciesassociationandthe且ysch

faciesassociationtobedescribe〔11ater.These

�敲数����批���敲浯��牴�札�

潦�����潅��瑩潮楮���慫畷愀

�����睥����瑯晴��歩湯��

��敲楮�敏獨楫��愬慮���睥浯�

�牴潦��楹�慨��敲楮�敏獨楫愀

area.Theseare五〇unda1sointheCretaceousof

�敏獨楫��愨��������

�獨������㈬�慮����攀

�灯�瑳��楳����晣���杲������

�潮敷楴桲��歡�散����摩湧�楸�

��數潴楣����瑳潭���������

distinct1ydi冊erentfromtheunder1ying且ysch

facies,andyie1dmarinefossi1sinψeKogoshio

��瑩潮慮�����歩��敲�潮�

獰楣畯畳�癥���瑯晴慢由�捲����楮最

iswe11knowninsandwavesofo伍shore(NIo,

1976;FLEMMING,1978)ortida1且｡odde1tas

(HAYEs,1980;MAsUDA6〃.,工981)asinthe

牧杲��癥獨����楮�慮�瑯�獷楴�

1imestonepebb1esdescribedhere.The1ower一
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浯��牴�晢潴桴��杯獨楯��慴楯��

��楹�慫����潮�楮慢���

工imestonepebb1esderived缶｡mreeHike

�浥�潮攬睨楣桷慳�潢慢�景��楮愀

浯�潰�獨���������批癩漱��

���慮���牡�灯牴�慰偲潸業慴��

�牡��瑯���������灯�瑳楮���

瑩潮�票慶敢���浥��瑩��批��

waves,judging缶｡mthere1ationtotheunder1y-

ingformationandthepa1eocurrents･However,

��湧獰散楡���瑩潮瑯�散���杲���

���潮散潮�楮楮来硯瑩�敢����琱�

granites)andveryabun〔1ant1imestonepebb1es,

��敲���楣��楳�楢畴楯湯晴��灯�瑳

andthepresenceofover1ying且uvia1deposits,it

楳���敲��慴���数�楴�晴��杯獨楯

andtheKiyosakiwere£ormedbytida1且｡od-

��慳�業��瑩潮牡�敲�慮批��睡癥献

Thus,suchdepositsprobab1yresu1ted旺｡mpeb-

����敲��獷�捨睥��慮獰����

�湧獨�散�����湧�敢�捨瑯景�瑩��

��慴桲��瑩���湮�����浥�献

周��略��琳浴漱�慢�整���

潦�敍慫楮��慍��物獲敧��摭�渭

1yaso伍shoresandbardeposits,jリdging缶｡m

we11-deve1opedcross-beddingan〔1re1ative1y

睥��牴����潮�

仏3EmbaymentMuddyDeposits(S亙M)

��祭��畤��数�楴�������

deve1opedintheLowe･JurassicNi･anohama

��慴楯���坥��卵��琮周����

�慣歩獨�癡��慢�������散潭灯�

���慮��捥��楮�潦��祢�捫獨�攀

缶equent1yinter1aminatedandinterbeddedwith

癥特楮�慮�瑯������潮敢���楮

���敲潦�癥牡�整敲��捫���楳�渭

��牡�����捥���獰��楣���渭

tains丘ne-9raine(1pyrite.

Baysarec1assi丘e〔1intothetwotypes,steep

猱潰��来��猱潰�����摯��楲

topographicpro丘1es(M0GI,工963).TheLower

�牡�楣�摩浥���瑩潮�慢�敷敲敦��

��潢慢�楮��慴�牴�敢����瑩���

thatinbayswithsmoothpro丘1ebeaches,sand

barsarenotdeve1opedbecauseofwea良waveac-

瑩潮�ぇ����

周�慮�瑯�楮�牢�������昀

�灯�瑳�散�牡捴敲��批慰�散楡�攀

para11e11aminationwitha此wripP1emarhs･

周���楴�晴����数�楴���癥

b㏄nderived缶｡msuspension1oad,showing

sandy1aminationformedprobab1yby且｡odsor

���特����������

5.逓asi双M皿d亙aciesAssoci就ion

5一五Q只ietBasinMudDeposits(避qM)

周��畤��灯�瑳��楳瑯�慣��

(thick-tomedium-beddedb1ac良sha1econtain-

楮杭�楮敢��猩慮摩�楣慴��業��瑩潮

onatranqui1andstab1ebasin且｡or.These

�灯�瑳�敦��楮�敍��整�灰敲

�牡�楣�獨極牡�������敲

JurassicHosou･aFormationinthewestem

Subbe1t,andtheB勾｡cianTsuna止izaka,

卡�牡楨�����畆��瑩潮���攀

�����摩慮��浩��慴楯���

���卵��琮周���物�獨�敢��慮�

aremost1ybetween工50mand500min

�楣��献�������������

浯湯椨��潮�楮楮杳潭敢��癥��潭攀

�慣�������潤由��敵��楴���

��敦��瑩潮���楮����慳���攀

�却坡��

周�数�楴��敲��杲�������

獨����楮�慮����楮�牢���楴�

･pi･･di･g･･d･db･d･(t･･bidit･･)i･it･t･…i-

瑩潮��牴�瑩獣潮�����瑳畳���

materia1ofsi1tandc1ayre1eased缶｡mriversin-

tosedimentarybasinswasdi任usedand

�灯��摩�������楯畳�物��爭

������浥���灯�瑳楮��瑩潮��

�癥���瑯晴���楮杰��獵��瑳

somestagesofinterruptionofsedimentation･

5-2AgitatedBasinMudDeposits(遇AM)

�楴慴����畤�灯�瑳�散潭灯��

chie且yof1aminatedsha1e.Streaky,sandyorsi1-

tyinterca1ationsand1aminationsare缶equent1y

deve1opedinthissha1e.These〔1epositsoccurin

�浥�慣��楮���捥�潴��癥慮�

������瑢慳楮��数�楴献���

�牴�������潰�獨�楮条��牡�

捨慮来�潭��畩整�����周���爬

�潮杯�敲�楮����敲�慣��晴�

Mone亙｡rmation,apartoftheKozumi

Memberandthe1owerpartoftheArato亙｡rma-

瑩潮���楣步����捥潦��数�楴�昀
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�楳��������椨���牴���捥�猩

潦���歡睡��慴楯測睨敲�瑩�楸�

��潴��慣���浯��慮�ね楮

�楣��献

周楳�浩�����睡�敲���潭

�灯�瑳景��楮���睨楣桷敲�����

批楮��楴��慣瑩潮�晣���獣慵���慣�

瑯�潴�牴�湯�楮�祭�楮散���献

Thesedepositsprobab1yweregenerated缶｡m

��湧獵獰��潮��捏���湧��瑩癥�

����慴敲楡������潦����牴�

潦�牢�楴����������物癥爭

generated且｡odcurrents.Oftheabove£orma-

瑩潮����楮慴�獨��晢潴桴����爭

�瑩潮慮����浩��敲楳楮晥牲�琰

�慮��慣��晴��摩�献周楳楳��摯�

��潤�昱慴敲�慮摶敲瑩��慣�獣�湧��

�睡獰�灯����睲楴敲�����

����瑩��牡楮���物����敲�慮

丘nesands)inriver且｡odwaterswas

transportedbysuspensioncurrentsof工｡w

ener駆intothebasin.Themateria1thendi任us-

�慮�敲�数�楴��敲敢祢潴瑯浣����

ofdown-s1ope且｡wtypeandformedthemidd1e

Ayukawa正｡rmationcomprisingdepositsof

摩����愨���猱潰�������周攀

工｡werArato亙｡rmationisconsideredtobethe

��慣��晴��摩��慳���浥�楯��

���

Theterm“agitatedbasihmuddeposits,,is

derivedfromDeRAAMαZ.(1965),WALKER

��������������睨楣�

����灰����潮�瑯��愬獨���

�物���杯潮�灯�瑳��敲�����

withturbidites)formedunderthein且uenceof

睡癥�瑩��������灯�瑳潦����

d1epartofAyu止awaFormation,amongothers,

��業��瑯��数�楴���������

慵��献

6.醐ysch亙&ciesAssoci就io搬(亙S亙･亙n亙)

��捨晡捩�慳�捩慴楯�潮������昀

���潮��獨����極�瑯�楮����

rhythmica1temation(Sub危｡iesj1andj2),ac一

｡ompaniedbythick-beddedmediumsandstone

(亙aciese),and1aminatedsha1e(Sub危｡iesi1

andi｡).

��敍���畢�����灯�瑳潦��捨

亙aciesAssociationaremostthick1yandexten-

�癥�數灯�摩���楮�����瑩潮潦

�敏獨楫慇�異��物��������

intheupperha1foftheMone正｡rmationofthe

�牡�睡��瀬��潦睨楣��潮�潴�

�景�楡��業浥物摧楡湯晴���爀

�牡�楣���癥���敢慳楮��慣�献�楳

���敲��慴慳��睡��浥摩��

�杲��癥�慧�晳�業��瑩潮潦��慴攀

�牡�楣�����敲慴整��摩��牲�瑳�

IntheWestemSubbe1t,the且ysch-type

�灯�瑳����潰�楮���敲��潦�攀

AratoEormation(Tab1e工3).Inthesedimen-

tarybasinoftheAratoEormation,the且ysch

晡捩��癥���������来潦�慮���

�潮睨楣��楣慴�牡�����湧潦�攀

��渮

�獨�湲数���慴��������

癡物��楮�潦獵�慣���慳�捩慴���

eachotherintheUpPerJurassic且yschfaciesin

������歡浩�����楮��瑩�

tuentsofthese且ysch-typedepositsare1isted

�����牲数���慴���業��特���

����湧獨�������

1.Th呈阯beddedsha1e-sandstonea1ternation

㈮

㌮

�

�

�

(S･bf･･i･･j｡)

Medium-beddedsandstone-shaユea1tema-

ti･n(Subf･･i･･jユ)

Thicトtomedium-beddedmedium-

杲���慮�瑯��慣���

Thin1y1aminatedshaIe(Subfaciesiユ)

����敲������楮���潮攀

1･y…(Subf･･i･･i｡)

����慣歳���慣���

�潮������整��楮晡捩���

������畢�摩��晡捩��敲瑩���

��敦慣�獣�湧�����敲数�捥��

…h･th･･…y･･pid1y(Eig･.i8,20,22).

Genera1王y,thethicknessoftheabovesixfacies

isfoundtorange缶｡ma£ewmeterstoabout50

洮

�楳���敲�散���摩���瑣��

�慴慣���楮札��楣步�湧�����

��捥��物���景��楮朱楴�晡捩�楮

慳捥�楮杯�敲�������慣���爀

�浩������慣����楮�������

���潮���慴楯�卵�慣�獪㈩��極�

������潮�獨���敲�瑩潮�畢晡捩�

.267一�



洲脇ηゲ伽0ω1･ψαZ8αWφノα妙､

吻1,361Vo.5

㌻

簑

400一

300一

200一

����畳湯���
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Convolu†elomin〇十ion

R1PPlecross-lominoセion
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Mossive,sfruc寸ureless

溝誰砕ト舳爬
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0一

ω
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�

Dis寸｡l
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�

墓50賛

LL婦､･匡彩;1着･

�

{oつ

○つ･薫'1.'

ω

一三=}30■'

.'･鰍

20娑･三彦羨董1

　

�

拳鴛･多;①

�

ωω■ド甲i

�

�

漲戀

�����浯�

deposi†s†urbidifes

�

Fluxo寸urbidけes

�朮㌶�摩浥�漱�楣��捴楯�潦��畫歩�慓��慮�慮�瑯���敲�獨楫���晴��捴楯�������

inHyschtypedeposits.The1e乱threesectionscontainturbiditesandstonebeds(Faciesj)andtherightoneHuxotur-

�摩�猨�捩���
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j1)andthick-tomedium-beddedmedium-g･ain一

����瑯��慣�����楳�湮敲獵捨

asequenceshowsade丘nitevertica1change

�潭�����潭楮慴�晡捩�瑯��慮搭

�潮�摯浩���慣�献周楣步�湧�����

��捥���晡��楮本景�摭�散潭浯渭

�楮���敲�牴潦��畫歩�慍��物�

�敷����瑯晴�佳�歡���慮楮�攀

����牴����慮���睥��瑯晴�

����慴楯湯晴��牡�睡���

sma11amountofthinning-or丘ning-upwardse-

��捥��潢���楮��異健��瑯晴�

��極牡��敲楮�敷����瑯晴�

佳�歡���

�獨���慢��慮����㌷慮��

sandstonebedsofthe且yschfaciesmostIyoccur

慳杲����捨�慣�物�楣潦��恂����

��捥∬慮�����晥牡�整潴��摩��

���潮慵��敲������硯�牢�楴�昀

�捩��

Eaciese(thick-tomedium-beddedmedium一

歯

���攬湯杲��最

�偐�

cross-1am1nati◎n

��楮最

���

��潴�

�山��

���

�1■��

���

�■��

㈰��

�岬��

��

伉��

��'ω心一ω一いひ｡o◎o◎o�

���〔〔目

杲���慮�瑯�猩楳捨�慣�物������

c1astcong1omerateanddishstructure(Fi蟹田36).

Itoccasiona11yshowschanne1st卿｡tures(Fig.

㌹�卯浥潦�楳晡捩�楳楮晥牲���慶攀

�灯��摯癥�畢�物�捨慮��睨楣档畴楮�

tosubmarines工｡pes.

�����瑩潮��搭����湧�浥牡�

hasbeenreported缶｡manumberofmodem

･｡1上｣

呈･･L｣

�　

…

ニ

シ｣一｣

二L皿∴

�

�

�

■300

　

■o

�

�

���

�

平豊:､｣

◎Oヨ◎Oヨ

艦､｣

�朮㌷��略��楳�楢畴楯湯晳�略�整��楮�攀

�獣�慣����楡瑩潮潦�敍潮���瑩潮�

�牡�睡�����捥�������㈮

㌔｣止｣.

1二=;箒:紬L止｣

�景�

景爀

���敲�

潯潯潯潯�

坥���て楯�

潯潯潯潯�

��敲�散晩潮

�朮㌸��略��楳�楢畴楯湯晳�略�整��楮�攀

�獣�慣����楡瑩潮潦��畫歩�慳��慮�慮搭

stoneMember.ForsequencetypesseeTab1e12｡
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L__｣m

�朮㌹卵��楮散�湮���捴������極牡

����卡��潮敍��牡瑋�浩�牡潦�攀

佳�歡健��畬�

andancientchanne1deposits(SHEPARD功αZ.,

�����慮摎��������慮�

���������慮��������

Eurthermore,a㏄ordingtoSTAUF肥R(1967),

��偉���㈩�げ����㈩����

慮�������慮�������

(1982),di･h･t…t･････…h･…t･･i･･i･･11y

���瑩����捨慮��数�楴獷楴��

�楣�祢������潮��略��周楳獵�

灯牴��慢��数�楴楯���敲�整慴楯湯昀

�数���晡捩��

Theconspicuous北atureintheUpper

Ju･assic且yschfaciesoftheMidd1esubbe1tis

thejuxtapositionofturbidites(亙aciesj)and

1aminatedsha1e(Subfaciesii､).This1aminated

獨��獣潮����潢敦�浥摩���瑩癥�

獨��睥�慴敲�癩���瑳���獵��

queous〔1e1taasmentioned1ater,andafair

���潦�整��摩�楳����畭�瑯�

£ormedinnotsodeepwaterenvironmentaccor-

dipg1y.Eorre胎rence,simi1ardepositstoSub-

晡捩���慶敢�湲数�����敲潦慮�

捩�瑤��楣慮�����物��灯�瑳�攀

RAAF舳Z.,1965;WALKER,1969;READING,

1970;DeRAAF勿αZ.,1977).

周��楮慴�獨��卵�慣��楢�獣潮�

����潢���晡捩�潦�牢�楴攬慮�

��瑩癥������楮慴�獨�整潢�癥爭

�湫慮����灯�瑳楮��楣楮楴�晳畢�

�物�捨慮���楮���浥�������

�灯�瑳�����敲�慣��晴��睥��昀

oftheArato亙｡rmationoftheShizugawaarea

慮��湯牴�浦慣��晴�����慴楯�

oftheKara良uwaarea,1aminatedsha1eofSub-

faciesiibiswe11deve1opedtogetherwithaたw

turbiditesandstonebeds.Inthe£ormerarea,as

wi11bedescribed1ater,in且｡wofsandfromthe

��敲���晴����卵��瑩��敲��

慮��由���数�楴獣慮�數����潢攀

摩���牢�楴������捥潦������

捨慮������猱��瑯�数�獵�瑩潮潦愀

捨慮������楮�楮�睥�睡��

周���楮���慴����楮���潮攀

1･y…(S･bf･･i･･i｡)缶･q･㎝t1y････…ψ…t

toEaciese(且uxoturbidites)whichprobab1y

�灯��摯���献周��灯�瑩潮潦�整��

���潮��敲����楮卵�慣����

�癥���整潢潴瑯浴牡捴楯�����猨楮�

�畤楮杲敷�步��業�瑳�獰����瑢�

Hs亡(1964)andKEITHandERIEDMAN(工977).

Simi1ardepositsina且yschsequen㏄toSub-

faciesi2havebeenreported止｡motherancient

獵��楮����数�楴���物慮獵��楮攀

s1opedepositsofNewYor止andVermont(Cur-

�������浩���浥�潮�慮�慮搭

�潮�晡捩����呈慮�剉��丨���

�捨慥慮獵��楮��敲捨慮��数�楴�昀

坥����牡�愨��敷楴����物灰��

慮��楮慴����潮�批���ぎ��㈩�

慮����物慮異�牢慳楮����灯�瑳潦

�牴桎�睡��牲��物灰���瑳瑯�

£acies)byPIcKERING(工982).

����畢�物�猱潰�慮�慮獨慶敢��

���敲�瑯����慴楯�潦�灯�瑩潮潦

�牢�楴�楮����猨���慮����

�����瑯来�敲��慮畭��晳�摩�

潮�捥�獵��楮敦慮��晡渭癡����

p1ex(SHEPARD勿αZ.,1969;N0RMARK,1969),

�敲�慴楯�潦�牢�楴�慮���楡��慣��

瑯��瑩潮潦�灯�瑩潮�癥��摩獣畳��

����慮��������慨楮��癥爭

瑩����物���晡捩���瑩潮���潮�

��牡瑩潮��整��楴桴��獵��晴�

above-mentionedstudies,itisne㏄ssaryto

�楳��睨整�牴��摩浥��礱�慴楯�潦�攀

Jurassic且yschfacieswe･emajo･submarine

猱潰�慮�畢�物�晡���潭散瑩潮��

thegeneticinte･p･etationoftheUpPerJurassic

�牢�楴�慮���灯�瑩潮���敲湯晴�

且yschfacies,thisprob1emisdiscussedinthe

�硴捨慰��

月形五舳α伽･η伽τγα･･力∬〃月舳ω加伽

刀少56ゐ月α6加∫

The£ormationsof丑yschfaciesmentioned

above,particu1ar1ytheEu良kiuraMember,the

異���景晴�����慴楯���攀

�慴潅��瑩潮�����慮�牡捥景��献
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〃ω･1“･伽･伽1･犯加伽8･α挽K滅･〃肋11､州･ブ伽α∫1〃α刎(τα肱ωωα｡凡㎜ケれ･ψ

����

Tracefossi1sfromtheJurassicHysch-typedeposits･

���捨湯来��

FO]=ma七ion

Straighセ､branchedforms

0乃｡η∂r{亡θε

肋0蝸0p848(?)

坩�楮朮��慮捨�景��

"αψ肋θ肋伽肋0pS加

〃θ0ηθγθ4古θε

8θαzαz{亡〃ろα(?)

�慮�物湧景��

Oos㎜o〃αψθ

�獨慰��������

印�楴��慣�

200p～00ε

P～θ08ψ万0η

U-shaped七rai1s(typeb)

�久

十1

十

十

十

十十

OG工NOH㎜

一

｡｡l

l△

��

��

十十

十十

㎜

十

十

十

十

十

副搨�

1amina七ed

獨�攀

1amina七ed

獨�攀

�

�浩���

獨�攀

〃

七urbidi七ess.

1amina七ed

獨�攀

〃

△:

��

rare+:CO㎜On

�畴���牴

十十:abundan七

����敲���

周整牡捥景����湯��牴�楮摩�瑯�潦

�摩浥��祥湶楲潮浥�献周���漱�楣�

c1assi丘｡ationofthesefossi1saccor〔1ingt0

�������捨������������

giveninTab1e工5.Comparedwiththetrace

fossi1assemb1age缶｡mHyschfaciesinEurope

慮摯�敲����慴潦������絡浩楳

poorinvariety,butthe丘veofthetota1seven

speciesidenti丘edoccurveryabundant1y･

Amongthesetracefossi1s,Zooψ伽05cf.

Zα㎜ケれα肋50ccursinthegradedbedsoftheMone

慮��湯����慴楯�������楳

��捩��慢�����楮摩癩�潮���睥爀

�牡���浩�瑩潮�������捲��

�浩�瑩潮�晴�恠�畭慳�略����浥�

瑩浥獷楴���楳楯�搨異�������楮�

tion).0万｡ηゴκ〃3sp.occursa1sointheabovefor-

�瑩潮����癡物慢������昱瑯�

�楮摩�整敲�瑯����条物�猱���

�浩�瑯�浩���楮�楮��浩������

intheFukkiuraMemberoftheOshiヒaarea.

005刎07肋μθsp.hasanarrowtube1to2mm

��楮摩�整敲��楳景�摯���

�浩������慣���楮�故畫歩�愀

��敲潦����睥���牴潦�敏獨楫愀

��慮���慴���瑩潮潦����条睡

area.P伽05ψo〃sp.occurswithinmicaceous

1∵善･㌧

To†olE

呈

景爀

�祥牓

OOOE一門ωOOOOOOOE

坥�敲�散琱潛��敲�散瑩潮

Fig.40Re1ationshipbetweensequencetypeand企equen-

cyofoccurrenceoftracefossi1Zooψ砂60∫intheFukkiura

����卡��潮敍��爬佳�歡�

�〉

�〉

㌰〉

㈰〉

汯漉

o�一門ωOOOOOOOE一向⑩ooooo

�■{一^〔

�浩�����慢�����潭�浩�瑯

�浩�楮�����晡捩�潦�敍潮���

�瑩潮����牡瑯��慴楯渮�獨慰��

���潦���敲楮��敷�捨�����爭

ing-1ikeHθ加一州挽｡ク3タ5,areveryabundant
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��捩����楮�浩�����潦��畫�

歩�慍���晴�����牴潦�敏獨�愀

���

周�整牡捥景��獣潮��潦整������

�獣楣�楡慮��摩�捨�愬����湧�楴�爀

��捨�慮��浩捨�������物�渭

���湲�慴楯�潴���楮杰�����慣攀

景����略�楯��睨漱��慳�杮�瑯�攀

lV〃θ伽∫toZooψ砂605faciesofSEILAcHER

�������潢慴��瑯数楢慴����

ofKsIAzIEwIcz(工977).

However,the丑yschfaciesoftheJurassicin

thestudiedarea1acksjV;6〃売孤andPα1θo"6少｡η,

characteristicoftheN舳伽5facies.Tracefossi1s

�散潮��牡����楣�摩湶������物湧

near1ya1waysinthe“exc1usiveswarm"inthe

�畤����周敲敦�整���慣敦���慵�

mayrei㏄tconsiderab1ypecu1iarenvironments

orwater〔1epth,forinstance,notopenseabutin-

����

����敲���湲�慴楯�潴�景��昀

theJu･assicsedimentarybasins,theN舳伽

晡捩�潦���潢慴����捨�慣�物���

Oo∫η一〇肋αク加and戸妙605ψん｡犯suggestsabasin

且｡or,andtheZooψ砂603-0万｡ηみ〃ω``fauna''an

intermedi航ebetweenbasin一且｡orandsha11ow

�愬�潢慢�慢慳楮猱潰�卯浥�牴�爀

evidenceofthetrace£ossi1faunasa1sosupPorts

���潴���������慳獨�����

southempartsoftheKarahuwaandOshiしa

��献周楳楳��楳������慴敲�晡捩�

捨慮来���礬����潰浥�潦�潸業�

晡捩�楮�����

7･Textnra1RropertiesofSandstones

�楳����浴��散�楮杤�捲�瑩潮�

thattheJurassic.b･mationsofthesouth

��歡浩����楳瑯晡��牡湧�昀

�摩浥���慣��物�������楯畳

sedimentaryenvironments.Di舐erentsedimen-

taryenVirOnmentSWOu1dreSu1tind冊erent

浥捨慮楳浯晴牡�灯牴慴楯���畳�灯��

tionofc1asticswithdi価erentgrain-sizecomposi-

tions.Ofmanystudiesonthere1ationbetw㏄n

�癩�����杲�渭�����楴楯測�攀

methodsofERIEDMAN(工961)andVIsHER

����浯湧潴����慰���敲整潴�

studyoftheJu･assicfo･mationsthroughg･ain-

��慮���潦�楮�捴楯��

Wh㎝thedataarep1ottedontheFRIED-

���楡杲�睨楣桲�慴�瑯�癩����

��楳瑩�瑩潮�湲�敲��捨摯�楮����

楮�杵����獨����楮�慮�慣��昀

���摩����浯��敲���敲�敲��

�����敷��慮��瑩湧潦湯浥慮�

ingfu1di伍erence.Thissuggeststhatthesha11ow

�物���摩�潴��牧����瑩湧批

wavesa丘eritstransportationbyriversintothe

十1.O

十0,5

ω

ω

①

⊂

…:o

①

上

Uつ

一〇.5

一1,O

●F1uv1日1

ΦSha11o刊mar1nε

､ムF1ysch-type

､々'FRlEDMAN(1961)

(beαch)､(ri〉er)

･･:Φ･$Φ%
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1'屋

､ム

､⑭

O,51.01･5

卯牴楮最

�朮�偬潴潦�敷��慮��瑩湧��湧�楳��景牢�捨慮��敲����剉��丬�捨�������

���
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獨������瑩�楴睡�畩捫��灯���

a量erashortperiodoftransportation.

周���楳�楢畴楯湯晴����潮�潦

di伍erentsedimentaryfaciesshownonthe

噉����条物�浩������杲慰桧��

��敲�潦���敲慢�癡物整��朮��周攀

p1otsofthe且uvia1depositsarecomposedmost1y

潦�����琱楮�������晴�獨���

marinesanddepositsaregivenasacombina一

瑩潮潦���������琱楮�����略�

“coarsetai1''.Thus,thegraphpattemsofthe

獨����楮�数�楴��浴���

mechanismoftransportdi伍erentfromthatof

the且uvia1deposits.Itisnotedthatt11eturbidite

�灯�瑳浯��獨�摩�物�瑩潮潦慮���

�牡�桴�������敲慢����牡摩�琮

周楳浥慮����浥捨慮楳浯晴牡�灯牴�

瑩潮�数�楴楯�慳���慮�慰����畧�

Shollo}mヨr『n筥961

��

一

一

F1y;oh,ma;…れ厘b6d{2ヨコ

一
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一2'102345
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〃
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肋"θ伽ψ加θ･･1･ψα18舳η〃ψれ､附36,N･.5

�敲散����浥摯畢瑳慳瑯����楴�昀

theVIsHER'smethodfordir㏄tcorre1ationbet-

睥�杲慰�慴������牲��捴�攀

transportm㏄hanismofsuspension_sa1ta-

瑩潮�牡捴楯�潰由慴楯���睲楴敲����

�慴�楳浥�潤���灰��瑯�数���

case.Essentia1di伍erenceinp1otisnotseenbet-

weenthe且uxoturbidites(massive,thickbed)

慮���牢�楴��������杮楳慢�

�����楮�敦�浥�

�楳湯����畢晡捩�������潮攀

showsabrea良｡fthe1ineintheine-grainedpart

潦楴獣畭由慴�散�癥����楳楮���慴�

inthe1aminate(1sha1eofthe且yschassociation.

����楴�数�楴楯���捥�楳�捥牴�測

�楳杲慰�慴�浩�晳業������瑯�慴

ofthe且uvia1丘nesandstoneanddi冊erentfrom

divisionTc(interva1ofripp工ecross-1amina-

瑩潮�晴��牢�楴楣���潮�周楳���

�潮敢�灯�楢�楮�畤����瑯晴牡�

瑩潮��牲�瑳瑯��牴���摩����敲�

more,the且uvia1sandstonehasatendencyfor

theamountofmicatoincreasewiththe丘ning

潦杲����獷慳灯楮�摯畴批�敷物�爀

��������周楳�����楮�批

������潮�������慴��慵��

behaviorofmicasdi冊ersfromotherc1astic

grainsduetoitsp工atyform.

W.亙RAM週WORKCOM招OSX珊ON

○亙COARS亙CLAST亙CSAN皿

RROV亙NANC亙

LCo碑｡･紬0HfCo皿g1o鵬蝸t･

TheJu･assicfo･mationshaveamode･ate

���潦�湧�浥牡�����潦����

慮�潢���潮朱潭敲慴�獰�癡���爭

瑩����������瑯晴�����牡�楣

andthe1owerpartoftheUpPe･Jurassic(Pro-

bab1yox比rdian).TheJu･assiccong1ome･ate

楳獣�捥楮�敗���畢�����慳楴楳

慢���楮�敍���畢��瑯��慳琮�

thischapter,reたrenceismadetotheTriassic

�湧�浥牡�慳睥畦��数�灯�潦數�

�楮慴楯������楣来�楳瑯特潦�攀

卯畴�楴慫���琮

1一且TriassicCong1omerate

TheHiraisoFormationoftheInaiGroupcon一

�楮��捫�湧�浥牡�慴楴�慳��牴慮�

�����瑳異���琮周散潮朱潭敲慴�昀

�效楲����慴楯���������攀

K句imaCong1omerate(IcHIKAwA,工951),is

£oundnearOkatsutothenorthoftheOshi良a

健��由�周楳�湧�浥牡�捲潰�畴

repeated1yowingtofo1ds,andhasdi冊erent

kindsofgrave1sineachoutcrop.Asseen缶｡m

亙igure43,thecong1omerateonthewestem

�湧潦�敏歡瑳��楣瑩�����慢��

dantfe1sicvo1canicroc良grave1swith1arge

�由��潦�浥�潮����慳琬楴��牡癥�

潦癡物��楮�潦�捫����牡�瑩�

浥�浯���癯�慮楣慮��業��特潮��

慳獨���慢���

周散潮朱潭敲慴�獰潯����搬��楳瑩湧

浯��潦�㈰���杲慶�獷楴���敲�

�牧敢��敲猨�朮���慶���整���

phicrocks,一especia11yofcrysta11ineschist,

serpentiniteandgabbroaresigni丘｡antin

���慴楮�����慮捥��畧����

�慮瑩瑩�����瑯�杲慶��晴��

�湧�浥牡���潭整業�物捨楮景���

楮�畤楮权���晥�畳�牡�獵捨慳

1)伽れ･吻〃舳･p.･nd8ψ乃･ω伽3γ･η･p.(…1

���楣慴楯����歯瑯���晴�

�業����条楷慓敲�献周楳�渭

朱潭敲慴���潮�楮猱�来�由����　

��楮���浤楡浥��潦�湧�浥牡�

睨楣�獰�獵浥��慶敢���楲��潭

��敲浩慮卡歡浯瑯穡睡��湯�牡�爭

�瑩��

1-2Midd1eJu･assiccong1ome･ate

周楳�湧�浥牡����楮��獵歩湯�愬

�����慴潺慫���瑩潮献�楳物捨楮

杲慶��晤慣楴攬慮���慮�敵�捲慴楣

graniteaccompaniedbythoseofsha1eand丘ne

���潮�晴��������杲慶��昀

��捥�����批���捫��景��

Howeve･,thegrave1softheMidd1eJu･assic

cong1omeratecontainasmaI1varietyofroc良s

�������整��潦�楡�楣潮�周攀

roc良sherereferredtosi1iceousrocksinc1ude

��晥�潦��捥��慮�瑯��捨敲��

vein-quartz.ThegraveIsderived缶｡mtheInai

Grouparegenera11y且atshapedandsubangu-

��周����湧慴��牡��瑯���楮�

tionorbeddingofthecong1omerate.Thecon一
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��慴楯湯晴�����瀬卯畴�楴慫�椨��爀

TAKIzAwA,1977).Asteriskindicates釦teredrocks.
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��慴楯���佳�歡�����湧���

imumthic㎞essamongtheMesozoiccon-
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卯����潮朱潭敲慴������敲�楮
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�瑩潮����楮������杵�猴㌀

慮搴���步���晴��楡�楣慮���攀
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瑩潮潦�潴楴攬慮����摯牲漱�湧
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�景����湯捲�瑳慮摶敲礱�来灯�獨

晥�獰��

Inthecong1omerateoftheOginohama亙｡r-

�瑩潮�敢��潦�摩浥����歳楮�畤攀

�浦��整������潭���潮攬獨�攀

anc1siiceoussedimentaryrocしssuchasquart-

�����潮��捨敲琮周楳�����慮搭

�潮�慳����瑯�����牴穩�潴�

癯�浥��浥摩畭�����杲����牴稀

grainsthereinaresurroundedby丘ne-9rained

��楸����桵��楳���潮���潴

獨�慮�畩杲慮由��硴�整�楣�潦���
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Mostoft兵emetamorphicrocksareofpe1itic

�捫��獨�獣���楴��杲�湲�歳�

�浹�捫��景��

��散潮朱潭敲慴�晴��楮�����

�瑩潮��杲慶���慮�����潦

杲慮楴楣�捫��敲����瑯楮捲��異�

睡�����敲�敲�楳�散慳敷楴桴�

���潦��批���整���楣慮�

�摩浥����歳�����

周散潮朱潭敲慴�晴���睡物瑯来���

瑩潮楳癥特�浩�牴潴�瑯晴��楮��愀

��慴楯�湧牡癥�潭灯�瑩潮�����攬

tota1thic止nessandstrati丘｡ation.Grave1sof

杲慮楴楣�捨獣潮�楴畴��瑯晴��渭

朱潭敲慴���敧牡癥�����慳�湯爭

�睡�����業畭潦�敲������

摩湧瑯�丰�����杲慮楴楣�捫��

浯�����牡瑩��浥�楴攬�慮楴��

杮���整��楣��浥�楴�周��数��

瑯�慳瑩����慳瑩��礱潮楴楣慮摯晳����

��桴����摩湧灯��物瑩��浥�楴攬

�潮��浩���楴攬�慮楴数�����

杲慰�捧牡����杲慶���敲�慮杲慮楴楣

�捫��浩湯�潭���楴桴���潦�攀

�楮�����瑩潮�������潮攬

猱慴攬�浩�������牴���捫��

浥�浯��捲�歳�

�瑯�敵灰敲浯��牡�楣�杯獨楯�爭

mationandTomizawa亙｡rmation,thecoarse

���潮敢�獣潮�楮杲慶�獷�捨�攀

�浩�物湲�歴�整潴��潦�敏�湯��

慮�獨楷�楴�散潮朱潭敲慴�慮摭��癥爬

�������敲慢��牧�浯�瑯晤慣楴楣

vo1canicrocksinsomeparts.Q只antitative1y,

quartzoserocしssuchasmeta-quartzarenite

andveinquartzareabundant.亙romthe

�浩穡睡��慴楯湯晴�卯������

勿α1.(1976)reportedthefrequentoccurrenceof

����牴穩����献

1一省LowerCretaceousCong1omerate

Thecong1omeratecon丘rmedtobeof

CretaceousagecropsoutintheDomeヒiSand-

�潮敍���晴�佳�������

grave1softhecong1omerateareof胎1sicvo1canic

慮�杲慮楴楣�捫獷楴�楮����潦���

���捫献�潮�����癯�慮楣�捫�

捨�慣�物�楣����楳瑯晤慣楴������

asm勾｡rcomponentsandasma11amountof

慮������捩瑩�����楣��癥特

朱慳���慣��睥����捴�攬��物�湧

慳�����潦�浩捥��業畭摩�整敲

20cm)insomecases.Thesevo1canicroc良

杲慶�����琱���慳�由��潦㌰�　

��������洩楮摩�整敲�潭攀

潦����畢�湧由���杲慶��晤慣楴楣

pyroc1asticroc良sinc1udingwe1dedtu任sudden1y

apPearintheupPermostJurassicst･ata･ep･e-

���批�敵灰敲浯��杯獨楯��敲

AyukawaandTomizawa亙｡rmations.

2･Co醐呼｡s並量｡皿｡fSa巫ds辻｡ne

周�楮敲����楴楯湯晴��牡�楣���
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潦��潺��慮�瑯�潦������歡浩
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MIKAMI(1969,i9川.

TheJurassicsandstoneismost1y£e1dspathic
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潦�健��慳��慮�瑯��浯湧�攀

Jurassicoutcropa･easofthesouthKit荻ami

1Be1tarequitesimi工artoeachother.A此w

regiona1di冊erencesinsandstonecomposition

a･e･ecogni･edamongtheMidd1eJurassicsand-

stoneswhichshowtheIargestamountofrocし

缶agmentsinOshi良a,1essinShizugawaandthe

�慳瑩��慫畷��卯��

IntheJurassicsandstone,manyqua･tz

杲��數���慶祥硴楮捴楯渮�瑯晥�獰��
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灯�獨晥�獰�楳���敲慢����杲���

慮�潭整業�景����来�杲��湧牡楮

size.⊆とμartz,Potashfe1dsparandp1agioc1ase

�敢��癥��慶�敲��浯���潭

杲慮楴楣牧捫献

Rockfragmentscontain£e1sicvo1canicrocks,

慮��瑩捲�歳��牴慮��牴��浥�浯爭

�楣�捫��楮�������楴�����

minera1saregenera1工yverysma11withtheexcep-

瑩潮潦�慴���来�潴楴煩���楮��愀

��慴楯渮周��敢楯瑩�����楮攬穩爭
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捨�物�慳慳散潮�特浩�牡��潭散慳��
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�朮����潮散潭灯�瑩潮潦���慳���

TriassicstrataoftheSouthKitakami丑e1t(modi丘ed

仕｡mTAKIzAwA,1977).Samp1esfromtheOshikaarea,

��潮��潺��慮�瑯��晴���慴�����

MI鮎MI(1969.1971).qquartz;F,比1dspar;R,rock

企agmentsandotherminera1s.

The(1uantityofroc長缶agmentsdecreasesup-

wardintheJurassic.Thesomaa･eaisanexcep-

tionwheretheupPe･mostJurassicTomizawa

��慴楯�潮�楮�牡�敲�牧�浯�瑯昀

rock缶agmentsoffe1sicvo1canicrocしs.

�獨���湯���瑱�牴穡���楳��

monintherespective工｡werpartsofthe

�杯獨楯��歡睡慮摔潭�慷����

瑩潮���牡�礬�楳�����楴散潮�楮�

������湧慴�慳琹�敲捥�潦瑯��

detrita1minera工s.Thequartzgrainsaremost1y

coarse-grainedandsubangu1artoangu工arand

s㏄mtohavebeenreworkedveryhtt1e.This

�����楴���敲���浩�物�潭灯��

瑩潮瑯��牴����楴�晴���楮���

Pr㏄ambrian,butisdi伍erentfromthe1atterin
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Jurassicqua･tzosesandstoneofthesomaarea.
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�捨慮来��潴�楣�晥�獰慴�����

�牡瑩杲慰�������������慳楮杯昀

晥�獰����瑩��慢�整桲�景�慴楯��

�瑢楳����灯�獨晥�獰�楳癥特����

gra三nedandisconsideredtohavebeenmore

stab玉ethanthep1agioc1aseagainstweathering.

周敦���物�����潮敢��慮��癥

���牴穡���楳�浯�數�畳���潴慳�

fe工dspar.Thesandstoneabovethequartz

areniteisverycoarse-grainedo丘enwith

杲慮由���湧�浥牡瑩�慮�瑯���慣琬楴

isthemostcoa･segrainedamongtheJurassic

���潮�潦������歡浩�

���楮�杵�����牡瑩杲慰���

捨慮来�晳慮�瑯����楴楯�桲����

�敷�����卵��瑩�楣慴整���

sourcesoftheJurassicsandstoneweresimi1a･

o･ofthesamekindof･ocks.TheJu･assicsan(1-

stonesdi伍ergreat1y止｡mtheTriassicand

��潺�����瑩潮�慳景��献

周�物慳�挨��������潮��

arkosicbutrichinroc良缶agmentscompared

withtheJurassicsandstone.Therock缶ag-

浥��晴��楡�楣���潮������

caseoftheTriassiccong工｡merate,ofvarious

歩����歳�����潮�晴��睥爀

�楡�楣�牡楳���瑩潮睨楣档潮�楮�

f;e1sicvo1canicrocたs,variouskindsofcrysta11ine

schist,hom此玉sofmuddyrocks,1imestone,and

��慢���捴��牡����瑯�捲�歳

(9arbbro,Pyroxen三teandserpentinite),thusbe-

ingre此rredtoimmature1ithicsandstone(most-

���楴������潮�晴����

TriassicFuしkoshiFormationispoorerin

unstab1eminera1sandrock缶agmentsand

物捨敲楮���慮����牴���瑯晴�

�牡楳���瑩潮�桵�����潮�晴�

����楳慳�杮�瑯晥�獰慴������

wacしe.TheTriassicsandstonecontainsacon-

siderab五eamountofvariousco1oredminera1s,

��捩��数�潴�

���楮����潺��慮�瑯����

MI(1969,工971)notedthatquartzisvery企wat

�慳瑩���癯�慮慮����晥�畳���

�潮�����浯��桴��慮�瑯���

posedchie且yofvo1canicrockfragments.There

�整����晴�健�楡�慮�瑯�����

楮杲楣�����敲灯�楮晥�獰����

bothhaveabundantvo工｡anicroch缶agments,

�畳�楮杯昱楴�捴���慮�慳���剥爭

浩慮���潮����琱慣歩湧楮�畴潮楣

andmetamorphicrock廿agments.

周�敲瑩���湧�楮浩�牡�潭灯�瑩潮�

潦�����楣慮��潺��慮�瑯��晴�

SouthKitakamiBe工taresummarizedas
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Fig･46vertica1changesinsandstonecompositionoftheUpPerJurassicandLowercretaceousofthreeareasofthe

���卵��琮

£o11ows.Thepa1eozoic1ithicsan(1stoneconsists

most1yofvo1canicrock缶agments,andthe

Mesozoic･onedecreasesupwardgradua11yin

rock缶agmentsandincreasesinquartzand

晥�������礬��慮�瑯���浥�

獵�牌�������慮�瑯�楮�敵�敲�

浯��牡�楣���畧来�������捥潦

thesandstonechangedwithtime缶｡mex-

��整楣瑯�摯来�瑩捲�歳�

'3.更･･欄･n…fth･畑…i･眺p･･it･

Asnotedabove,theJurassiccong1ome･ate

containsabundant1ygrave1sofgraniticrocとs

慮摯�敲�捫���獨�����摩浥���

rocksand五e1sicvo1canicrock.Mostofthe

Jurassicsandstoneconsistschie且yofquartz,

potash£e1dsparandp1agioc1asewithminor

amountofrock丘agments.Thisshowsthatthe

杲����瑩潮潦������慯晴��牡�楣

�灯�瑳睡��異���牡�瑩捲�歳�

Thesegraniticroc}sandthea㏄ompanying

��批���捫����晥��癥癡物��

typesofwe11-deve1opedsch三stoseormy1onitic

��捴������湧�獣�����礱潮楴楣

��捴�����敲�整�慳潮�晴�

charactericsofthegraniticrocksrichin“tec-

瑯�������楣慴����������潦

thesourcerocksbe1ongingtoasortof“Pa1eo一

��捴�����睨楣桷慳景��慳��由瑯昀

楮��整散瑯�������睡獣潭灯��

潦癡物��散瑯��献周敦慣�����楡�楣

�湧�浥牡�楮癯����杲慶��昀

捲���楮�捨楳瑳慮��牡��捲�歳獵���

aユsothisidea.The£e1sicvo1canicroc良sdonot

showthee冊ectoftherma1metamorphismand

�畳���潢慢�睥�湯瑩�����

杲慮楴楣�捫献

�楳獵�����慴���敲灯牴楯湯晴�

��捥��潦���慳��数�楴獣潮���潦

graniticrocしswithstrong1yschistoseor

my1oniticstructuresa㏄ompaniedbyhom制s

潦�摩浥����歯物����敵灰敲灯爭

tionof£e1sicvo1canicrocksover1yingthe

graniticrocしs.Mostoftheupperportionhad

獵���癥���敲潤�慷��物湧�牡�楣

瑩浥�

Itisinferredfromtheinterca1ationoftu旺in

theupPe･mostJurassicthat北1sicvo1canicactivi-

tytookp1a㏄immediate1ybeforetheCreta-

捥��慮��由�摩���牲��楡�����楣

且｡wscoveringthesourcearea.

VH.皿瓦ROST且丁亙ONA見疋ATT瓦RNS

○亙TH皿U更Ψ亙RJURAssxc

IntheSouthKitaka甲iBe1t,manycross-bed一
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Jurassicstrata.Thesestructuresprovi〔1eac1ue

瑯�整牡�灯牴摩�捴楯湯晣�������

�慳瑩�楮�整業�晤数�楴楯渮

�睥癥爬������浥慳���瑳睥�

湯����潭�晴�業�楣慴���捴��

楮�湧�浥牡����散慵���������

weresubjectedtotherotationofthegrave1sin一

vo1ve〔1duringthefo工ding(seeChapterII).The

瑯�����牲���摩湧�慫��潭�攀

�牡�楣�牡����畴��慮���潦�攀

Cretaceousstataareabout250.Correction£or

thee伍ectoffo1dingorti1tingonthemeasured

癡��睡����敲�潦�敲祭�獵��

p1ungevaユue.
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Fig･48bPa1eocu･･entdata企｡mtheJu･assicfo･mations

潦�敏獨楫��愨味畫楮�牡��慴楯温�

��楳���潮�敢慳楳潦��慴敲�慮摶敲�

瑩���湧�潦晡捩�慮�慣����楡瑩潮慮�

�散潭灯�瑩潮慮��牡捴敲�晣��楣��潮�

��瑩潮���数���牲�瑤楲散瑩潮献

且.担釦eOC雌re雌S

叉4KarakuwaArea

�杵��獨�獰���牲�瑤慴慯����

症｡mthestudyoftheJurassicoftheKa･akuwa

area.Ijtisc1ear缶｡mthe丘gurethatmostof

�散����摩湧�����楮慴楯�慮�漱攀

marksindicatenorthwardpaユeocurrents,except

楮��獨楷�楴����瑩潮�瑩��潮潴�

thattherearesevera11inesofeviden㏄forsome

subordinatepa1eocurrentswhich且｡wedapprox-

業慴��潴�睥�慴�敲票��潮献����

湯瑳��楮�杵�������摩湧���

丘vereadings)atthebaseoftheKosabaForma-

瑩潮獨����睥�睡��睥�睡����

�牲���

���昬�������獷敲敲���

瑯睡����������楮��渭�物�

depositsand且yschtypedepositsespecia11yof

�敵�敲��潦���慳���慴����

睥�杲�琱�潮�楢畴��潴��慮獰�瑯昀

捉慳瑩����潴��慮搬�敲敷敲���摩�

1atera1transportcurrents且｡wingtothesouthor

tothewestwhentheIshiwaritoge亙｡rmation

慮��卡歡杵捨�物穡睡��敲睥�

deposited｡

』20shikaArea

周��慳����瑩潮�����歡��

�癥��捲����楮���楲湯渭�物�

�灯�瑳慮�漱��歳慮�����楮慴楯��

their且ysch-typedeposits(Eig.斗8).These

�摩浥���������楣慴整������

�牲�瑳�睥��摯浩���湯牴�湯牴�

��睡�慳楮�散慳�晴��牡�睡���

�����癥���捥潦獵��楮慴���牡�

currentsispresentedinthe且ysch-typedeposits,

buton1ya£ewcurrentstructuresindicatenorth-

westwardoreastward且｡ws.

周散����摩湧潦��楹�慫楓慮�瑯�

��敲��楳瑩湧浯��潦��癩��灯�瑳

楮摩��獲慴���楡�散���摩�捴��

睨楣档慮�来�牡���潢整�������

��楳浥�敲潦������牴潦�攀

Oshikaarea,thedi伍erenttwocurrentdirec-

瑩潮�潴�湯牴�慳���潴��畴�慳��

��慴��獨����ね�楣��略���

thesouthempa･t,theis工etofAji-shima,

�睥癥爬�散���摩�捴楯���灰�砭

imate1yeastwardandtheydi伍erverymuch

仕｡mthoseoftheunder1yingFuk}iuraMem-

��周数���牲�瑳瑯��慳瑩���睥爀

�牴潦��楹�慫���牡���牡�楣

andabruptfacieschange缶｡mtheunder1ying

formationareofsigni丘｡anceininferringthe

��瑩潮潦�������

ReferenceismadetoFigure49cited杜｡m

�������睨楣����数���爭

���晴�浩���牴���捥�猩潦�攀

�畫慷���瑩潮潦�敏獨楫���周攀

丘gureindicatespredominantcurrents且｡wing

tothenorthwithsubordinatecurrents且｡wing

瑯�������瑯��慳瑩�潭数�瑳�

周���数�瑯晴��界慷���瑩潮楳

�潢慢�慴�楢畴�瑯����数�楴楯��

�摩浥��祢慳楮��慮��睡����湧

gradient.Ana1ytica1studyofthes1ump£o1ds

showstheexistenceofaneastwardinc工ining

工atera1s1opeonthewestsideofthesedimentary

��渮周���捥��畢�摩����睡�

�牲�瑳�祢敲�慴�瑯��業���牲��

pattemoftheunder1yingKiyosaたiSandstone

��敲浥�楯���癥�
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且一3SomaArea

���潭��愬慳�����昀

������浥慳���瑳睥���批

浥慮�晴�捲����楮杯晴���癩�慮�

獨����楮���楡瑩潮猨�朮��周散��

��摩�捴楯���瑯�湯牴桷�摩��

�楮��畧桶敲��楡������敲���

afewcurrents且｡wingsouthwardareobserved

潮�楮������物�慳�捩慴楯湯晴�

�

SomaG【oupS

�佳�戶�楮最

lNNERC1RcLE=･NakanosawaFm

OuTERCIRcLE=TochikuboF叔BR0作NL1NE)

�浩穡睡��が��久�

�朮����������潭捲����楮杦��攀

somaJurassicst･ata.

�歡湯�睡��慴楯測����楳�浯�湯

灯�楢�楴�晴���捥潦獵��潮�����

Thevariab1ecurrentdir㏄tionsa1soseemto

�癥������潴�来潭整特慮摯�敲�渭

摩瑩潮�晴��摩浥��祢慳楮�

1一堪ShizugawaArea

��敦��瑩潮���坥��卵��琬

������楮景�慴楯�慳条�敲�潮�

慢�����畧慷����湯�畤祷慳

��潦�敍��畭���

Thecross-bed〔1inginthecoarsesandstone

��潦��牡瑯穡歩��慴楯������

睡��牲�瑳����整��摩瑩�慮�瑯�潦

��牡瑯��慴楯���睥�敲��

southwester亘ycurrentdirections(亙ig.5i).The

且uxoturbiditicsandstonebedsaccompaniedby

捨慮������獨慶敧��散慳瑩�楣慴楮条

southwestwardcurrentdirection.it£o11ows

�潭��敦慣瑳�慴楮����牡�楣瑩浥�攀

coarsemateria1ofthe且yschfaciesofthe

��畧慷��慷慳�物癥��浴���

睨楣�������批�故慳��畢���

且_5DirectionsofSubmarineChanne1sand

匱畭�漱�

IntheJu･assicformations,Particu1ar1yinthe

且yschfacies,sma11-sca1echame1structuresand

s1umpfo1dsarefound.The三rdirectionsareim-

灯牴慮瑩湲散潮��捴楮��来潭整特潦�攀

�摩浥��祢慳楮献�楳���敲�潴��瑯
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丘ndouttheirdirectionsinmanycases.Forthis

���攬捨慮����慮���景����

慳獵浥�潢������物�����爀

�潮条��楲散瑩潮���潴�摯����

杲慰�据整献

Theexamp玉esoftheKitsunesakiMemberof

�敏獨楫����獨�����攵㈮坩�

猱畭灯癥�漱�慳獵浥��慶���楮�攀

摩�捴楯湯晴�楲�浯癥爬������噉�椀

shows1umpmovementtothewest.S1um戸｡ver-

b1dsinthepebb1ymドdstoneextendinthe

湯牴桴���摩�捴楯�楴�灰�����

浥�瑯�敷�琮卵��楮散�湮���捴��

whichare丘11edwithpebb1ysandstoneandcon-

朱潭敲慴��敲�浥���楣武��楮�攀

�畴�慳���瑯晴��瑣���慯晴���

瑳��慫����硴�摩���畴�慳��

湯牴桷�瑤楲散瑩潮�

周散���杲�����楣獷楴��牧攀

���潦�湧�浥牡�潦��楴獵��歩

Memberare工｡ca11ydistributedinthe

southeastempartoftheOshikaarea(Fig.59≡

皿1.VII).Consideringthis,togetherwiththe

猱畭�漱�慮��湮���捴��潦�攀

浥�敲��睲楴敲�物癥�������潮

�慴���業��特��湯晴��業�愨�

獵��楮���摩�楮�潴�睥�潮楴�慳�

��畴�慳瑳����散�湮���楮杣潮�

朱潭敲慴楣�摩浥�獨������攬�潭

睨楣�敢�����慴敲楡�慳�慮獰���

摩�捴�楮瑯�敢慳楮�����潴����

IntheEuk長iuraMember,afewchame1struc-

����慢���猱畭���������

景��周�楲散瑩潮潦�散�湮���捴��

isnotdetermined.Thes工umpstructuresare

浯��潦�����慮摭�琱���楮��

of1essthan工mthickwithinthesha1e-

dominatedfacies.Thedirectionsofthes工ump

景�楮条���楣慴整���猱畭�����

睡��浴��畴�牴��畴桷�琮周�攀

dir㏄tionsaredi冊erentfromthoseoftheKi-

瑳��慨��敲�

周�牡瑯��慴楯湯晴���畧慷��愀

���獣�湮���捴��慮���景�献�

獨�����噉��捨慮������獣畴楮�

瑯�浩�����慮��渭������瑩潮

楮������敲��瑯晴���慮摩��

浥摩畭�潴�渭������慴楯���湯爭

thernpart.AtA良aiwasa良iinthesoutheastern

partofthearea,channe1一五11ingsandstonehas

慮�瑩����捫��潦�敲㌰���攀

来�牡�楲散瑩潮潦�散�浥��灰�����

�湯牴�慳琮��歡穡���湯牴���瑯昀

���愬�����獣�散�湮���潢���

ed.ThechameI一五11ingsandstoneisatthemost

��楣歡���楲散瑩潮�晴�捨慮���攀

楮晥牲�瑯�湯牴��畴�������

�畴桷�琮
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月α〃功加φ肋60βolog66α18α㈹ηφノ;α〃αれ､吻1.36,No.5

〈!�'V���

民�/�､�､1一'､'■�

儿��

儿��

ノ�､�､､■/��

ノ�/���

●�/�/�レ�'1

漉��

ノ�/�/1�'�

儿��

/�/////o�/1�∫�

儿��

���

/�//�11�/･�

���

���

����

���

'!//パ//1/!一�'���

���

����

�Il/�､��

�111�､��

儿��

///1/1�1/l/�､��

､�､､/､�､��

､�ぺ���

Sτumpoverfolds

楮�����瑯�

����

〈/

～

鐵薮1ク匁

!等

再^

☀

暖･一｣

一昔

L◎c.2

里

㌫㌢

蟹嚢川舳一｡｡｡;｡出｡■㎜….｡上.｡

口｣･1･凹･1舳1o仲｡百｡叩L一㎞

mI1山､1.1…16｡｡叩

Submαrinechαnne1s

����

�朮���捴楯�潦猱畭����琨�����獵��楮散�湮���捴�����瑳��慫楓慮�瑯�慮�

Sha1eMember,inadditi㎝tothe-processoftiltcorrectiononastereographicnet.

���牡瑯��慴楯����敲慢��牧攀

��敲潦���獣����景���景�摩�

the1aminatedsha1e,andthoseof玉argesca1eare

�癥��������特�����楮慴�

獨�����癥��湧����慣歳����

慶敲慧�楲散瑩潮潦����浯癥浥�楳

�瑩���潢�����浴�湯牴桴潴�

south.Theobservedexamp1esarefromN工OoW

瑯匱は��潅瑯��慮��琱��浴�

湯牴�慳�潴��畴桷�琮周���敲癡瑩潮�

獵�����灯��楳�慴���慳��

�摩浥��祢慳楮潦����条睡����

�����摩灰楮�潴��畴桷�琮周攀

pa1eocurrentdirections(亙ig.5i)areapProx-

imate工yconsistentwiththedirectionofthis

s1opeandareofs工｡pedowntype.
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2･眺建｡･拙㎝･且R…双･㈱･ti･Hfth･

U呼雛J雌assicc1as由seq双e双｡es

�浥�楯��敦�攬�敕�敲�牡�楣摯�

mainoftheSouthKitakami思e1tisdividedinto

�敍����坥�敲�畢��獷�捨�癥

���慢���潮捨�慣�物�楣���楲

1ithofacies.TheUpPe･Ju･assicoftheMidd1e

卵��瑳����湧��捩�慴���業��特

晡捩������瑩湧��楮��湯渭�物�

�牡���慳������慳攬捨慮来�晦慣��

慳�捩慴楯��獣�摩湧��牡�漱���

sha11owmarine_o舐shorebasinmud_且ysch

type-sha11owmarine-a11uvia1(distributary)一

(1akeormarsh)_a11uvia1(且uvia1)faciesas-

sociations.Suchavertica1sequenceiso丑en

��慴��潯牴桲�瑩浥献��楳�捴楯測�渭

sideringthesedimentaryfaciesanden一

癩���瑳��楮����数���牲��

���潭��浩�瑩潮������景爀

睨慴歩�潦�灯�瑩潮����獰�癡��楮

�敕�敲�牡�楣�摩浥��祢慳楮�

2一五Interre1ationshipsofthefaciesassocia-

瑩�匀

○タク〃ノ〃πα∬あ加挽6Kα7αた〃ωαλ〃α

周�畭�物�摶敲瑩����物���

facieschangesoftheUpPerJurassicfo･mations

dedu㏄dfromFi即re18aregiveninFigure53.

佰灯����牡�牲慮来浥�潦晡捩�楮�攀

�摩浥�慴楯湯晴���睡物瑯来慮�潮攀

Formationssuggests1argedi伍erenceandop-

灯��摩�捴楯湯晴�楲��捥献

剥条�楮����睡物瑯来��慴楯測�攀

����慳瑩�睥�獵灰���潭����慮�

景��慮��癩�晡���湯牴���瑯昀
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楮捩�������敲����畴�坩��攀

��慮����潅��瑩潮��散��楣�

睥�獵灰������潭������慰�砭

業�晡捩�楮����潦�敢慳楮慮�摩��

晡捩�楮�����

周����晡捩�潦�敍潮�潭慴楯�

isaproxima1且yschfaciesrichinturbiditeand

且uxoturbiditesandstone,whi1ethenorthern

faciesisofdista1且yschyithpredominant

�浩�����������慴楯�

��浥�硴�浥��楮瑯����慮��

containedichnofらunaa1socomestoshowa

deeperbasinenvironmenttothenorth.遣et-

weenthesha11owseaandtheo伍shorebasinbot-

瑯�慢慳楮猱潰敷慳景�����搬�爭

biditeand且uxoturbiditedepositedthereon.

�牴桷���杲�慴楯湯晴�猱潰敷慳愀

��潭�潮��潮楮�敢慳楮���牢��

��牲�瑳睥�潦瑯���獣�整潴牡�灯牴

�捨��祭慴敲楡��潴�湯牴���瑯昀

���業��特�����畳潮��楳��

晡捩�睨楣档潮������晉�楮慴�獨�攀

睡�数�楴�楮����敲��琮���敲楮最

sha11owmarinesandbedswithabmdantin一
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traformationa11imestonepebb1esdir㏄t1yover1y-

ingtheMone亙｡rmation,thediagrammatic

sedimentarypro丘1eduringthedepositionis

獨�����攵�周楳���潮�敕灰敲

Jurassicsedimentationis･efe･ab1etothe

剉���摩浥�慴楯�潤�������

亙urtherdiscuss三〇nisgivenofthesedimentation

浯���慣楮��慴��慳楳潮����楣

�摩浥�慴楯渮

TheKogoshio亙｡rmationisrichina11uvia1

�灯�瑳楮�������楮����楴楳物捨

inmarinedepositswithwe11-sortedand丘ner-

杲���慮�瑯�慮�����物�晡捩��

�獣���杲�����楣獷敲整牡�灯牴�批

riversmost1y缶｡mthesouth.

趾｡mtheaboveobservations,thepa1eogeo-

杲慰���数���慴楯湯晴��摩浥�慴楯湯昀

theMoneandKogoshio亙｡rmationsisgivenin

亙igure55.TheMoneFomationshowsa

���牧牡摩�瑯晳�業��特��測睨敲��

�����潅��瑩潮楮摩������

���散�����敲��畧��杲��潮�

慣瑩癥��湧批�慳瑩�慮�桵獲�畉�摩�

来��牧牡摩�琮

乙ψμ7ノ〃α∬壬6加肋605肋肋五〃α

周敕�敲�牡�楣�牡�������獣�

晡捩�慳�捩慴楯�慮����癩�晡捩�

慳�捩慴楯��慣�慣����楡瑩潮浥慳�楮最

�癥牡����浥��楮�楣��献周敕�

perJu･assicsedimentaryfaciesoftheoshika

��捨慮来��栱�猱慴敲����楮慧��

摩�慮捥�慮�慴潦���慫畷���周楳�

瑯来�敲���敷�敲摩�物�瑩潮潦�敕�

���慳���慴���敲�整�慳���捥潦

���業��特���慶楮杢���来物���

���慮楮���慫畷���

However,thec1asticsofboththe且yschand

���當楡�数�楴�晴����慳睥�獵�

p1ied缶｡mthesouthwithamoredista1faciesto

�������畧来���������業��

�特����晴����慳睡�業���

regard1essofthedi伍erentsizeofthesedimen-

�特��渮卩浩�物���������慳楳

��潢���楮�����癥���瑯晰敢�

���當楡�数�楴��礬晡��灯�瑳���

�畴�慳���牴潦���慷���攀

�歩湯��卡��潮敍��物�楳�楢畴�

���������物獣潮����潢攀

rough1ycoevaユwiththeIshiwaritoge亙｡rma-

瑩潮���瑳��慫楓慮�瑯�慮���

��敲楳����潦��������

����浥摩畭�牡楮����潮攬���

���潮��敲�����獨����浩��

�獨����潦��敲�歳�敲敧����

sediment-gravity丑｡wdepositsonthebasin

猱潰���散潮��礬�牧�獣�散�����

dingis缶equent1yobservedinmostofthesand-

�潮�潦�敍慫楮��慍��爬睨楣�

weredeposited缶｡mbed1oad.Apebb1yfacies

(proxima1且ysch)is此undintheKitsunesaki

Memberassubmarinechanne1一五11ingdeposits

�異健����灯�瑳���牴����捥潦

the1atera1supP1yfortheUpPe･Jurassiciscon-

sideredtohavebeendi冊erentfromthemain

��捥潦��潮��摩��異��

㈭���漱�楣慳�捴�晴����

猱潰�

����潭���癥���健��慳��

景�慴楯�楮���慫畷��佳�歡���

showaquitesimi工armodeofsedimentation.

周��瑰���数��来�牡�楣�慮�

�摩浥����慴楯���������慳�攀

獣��瑩�摩���攵��灯�瑩潮潦�攀

�牡�楣�獣����灯�瑳楳�����慶攀

�������慴����敢慳楮猱潰攬慮�

�����敧�浥��晴��摩浥��祢慳楮

慮���灯�瑩潮潦��癥��湧湯渭�物�

SequenCe･

Ing6nera1,且ysch-typedepositsaremost工y

���敲�慳�牢�楴�慮��捥������

楮��潴��獨慳����慳畢�物��慮瑯

theirsedimentaryenvironm㎝t(WALKER,

1975.1978≡WALKERandMUTTI,工973).Here,

thewriterproposessubmarines1ope£ormednot

t㏄tonica1工yasthesedimentaryenvironmentfor

severa1subfaciesofthe且ysch-typedepositsof

theJu･assic£ormations.

�癡物�獰�瑳潦�敷����晡捴��

whichcontributedtothe£ormationofthes1opes

�敵獵������瑯�恠�捴潮楣�慳慴�

tributab1etoincreasinggra〔1ientcausedbycon-

trastingtectonicmovementsofup1i舟ing

�捌杲��慮�楮歩湧���協��奡�

������

Concemingthedepositionofthe且ysch

associationoftheOginohama亙｡rmation,itis
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Fig･56Pa1eogeographic釦mapshowingdepositionalpatternsoftheUpPerJurassicnon-marinesequenceinboththe

�牡�睡慮��佳�歡��献���楮摩����楲散瑩潮潦�楮�慮獰��瑩潮潦�慳瑩��

��������睥��潢慳楮猱潰���

north-dipPings1opewithaneast-weststri良eon

������潦���業��特����楮

猱潰�慮�湯�敲睥����湧潮敷楴�

湯牴��畴��楫�����������敲楳

a“1atera1s1ope"oftemporaryexistenceandis

presumedtobeas工｡peoftectonicoriginre1ated

totheup1i舟ingof1atera1bacしground.Asimi1ar

situationis£oundinthere1ationbetweenthe

��睡物瑯来��慴楯���效楫�楹�愀

杲慮楴楣��楮���慫畷���

�瑯��������畧桴��睡��渭

摩�瑩潮潦�潮���猱潰��楮���攀

Jurassictime,thes1opewasfo･medrapid1yin

����敲��瑯晴���������慴攀

Jurassic･sincesandymate･ia1wassupP1ied

�楮��潭�������睥������

�票慶敢���浥�桲������睡�
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“£ore-a㏄retion"ofdepositsintheformof

景��瑩湲�灯�整���慳楮杳異��昀

c1astics丘｡mthesouth.Thus,themains1opeis

���敲�瑯�癥��景��湯�散瑯����

���楲�祥���整楣��批�摩浥�慴楯�

itse1f.Thiscaseisreferab工etotheRIcH,s

sedimentationmo(1e1(RIcH,工95工),whichputs

杲���������灯�瑩潮�景�慴楯湯昀

thes工｡pe(c1ino比rm).Inconnectionwiththe

originof``graywac良es,,,SHIKI(工968)main-

tainedthatgradedbedscou1dbedepositede∀en

inthec1inoenvironmentwithsomemodi丘｡a-

tionofthismode工.Hea1sosuggestedthatthe

��散物瑩��湶楲潮浥�猨浤愬�楮��

扮摯�癩���瑳���摩浥��祢慳楮

��敦�浥��敲�敦漱��湧��楴楯��

i)bi･th･f…1･ti･･1yd･･pb･･i･､ii)･g…t

���潦�摩浥�獵��數捥�楮杳畢�

sidence,iii)growthofc工inothemduetopro-

杲�楮杤数�楴楯渮�楳���敲��慴�敕�

perJurassicsedimenta･ybasinwasacceptab1e

瑯��散潮摩瑩潮献

周捥湶楲潮浥�������瑩潮景牴�

�牡�楣�慳瑩��略��潦������歡�

浩��獵��瑳�灯�瑩潮��癩���瑳瑯

bedi伍erent缶｡mamodemcontinenta1s1ope-

fan-she1fcomp1ex,becauseofthe£eaturesof

�灯�瑳慴�楢畴�瑯楮���慯物�渮

����来��楮������牴�楲慮�

cientana1ogoussubmarines1opes(and脂ns)

�癥����畭�批��慵���潢攀

depositiona1p1acesofturbiditeor且ysch-type

�灯�瑳慳�癩敷�批協��奡����

��㈩慮����慮��������

��������������猱潰���

�健��慳��慳楮潦������歡浩

���潢慢�睡�����爭獣�敢慳楮

s1opesfacingonsma1王andre1ative1ysha11ow,

1and-encirc1ed“troughs,,.

Thiskindofs1opeformedthrough㏄rtain

sedimentarypro㏄ssprobab1yp1ayedanimpor-

tantro1eindepositionofthe且yschfaciesofthe

Oginohama亙｡rmationandtheMone亙｡rma-

瑩潮��楮�����牡�楣�慴�整�景爭

�瑩潮獷敲�数�楴�楮�敍���畢���

丘11ing-upandsha11owingofthebasinwerepro-

杲��湧�����獨��楡杲��瑩捩�

��牡瑩潮潦�楳���献

㈭㍄��楣��業��瑩潮楮���牡�

��卯畴�楴慫�椀

Itisprobab玉ethatthesedimentarybodycon-

sistingof且yschassociationandtheover1ying

a11uviaユdepositsrepresentedby且uvia工deposits

��晤��楣�摩浥�慴楯渮

�楳睥���測�����略���攀

捨�慣�物��������湧異睡����

duringaregression(DeRAAF勿α1.,1965;

SELLY,1970;○KADA,197工b;TANAKAand

TERA0KA,i973).Inor〔1ertocon丘rmde工taic

�摩浥�慴楯測�������楮杯晳�業��

�特�癩���瑳慮摯�����湯�敲�

睨整����潮���敲瑩��潦�灯�瑳慴�

�楢畴慢�瑯�潤��楣獨�昬偲潤��楣猱潰攀

(d･1t･･1･p･),d･1t･缶･nt･nd･n-d･1t･･ub･n-

癩���瑳�潭�����睡����

recognized(TAYL0R,1963≡DeRAAF勿α1.,

�����������

TheUpPerJurassic且ysch-typedepositsof

������歡浩剥�������業��楮

��潦慣��潤��楣���捥�晴�慢��砭

�����瑩�獵���畳�����業�瑳

(especia11yonde1taics1opeand〔1ista1de1ta-

�潮瑳�業�瑳�湯�楮��潴���瑳潦

�敷����楳��琱��畤��摩浥��

獵捨慳�浩��摭畤����慫祭畤�

beds(RAAF功α1.,工965;GREENsMITH,工966;

KANEs,1970;OKADA,197工b).However,it

mayhaveimportantsigni丘｡ancethatstreaky

�浩�����猨卵�慣�������慢��

��慮�畸�灯��楴桴��摩瑩�慮�瑯�

(P1.v-1,2)intheUpPerJurassic且ysch-type

�灯�瑳睨楣����畭�瑯�潦�杲��癥

SequenCe･

Here,itshou1dbeconsideredwhether且ysch-

���摩浥�獷���慢�瑯����

��慳����浴�癩敷灯楮瑯晴�����

sedimentation,detai1edsedimento1ogica1r㏄x-

aminationsonthesu㏄essivesequencesof且ysch

tonon-ma･inedepositsintheUpPerJurassicof

theSouthKita良amiBe1taregivenasfo11ows.

�杵���癥���浮��捴楯湯晴�

���特�牡�������瑳��慫楡�

�歩湯����敲献�潴�������

sectionshowsvertica1facieschangeoftheboun一

(1arystratabetweentheHysch-type〔iepositsand

��潮��楮��癩��灯�瑳��景�敲
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�敲敧����数�楴��������慳

浥�楯����敲��������潮敢�楮

the1owestpartoftheMa良inohamaMemberis

massiveandstructure1esswith且utecastsand

��捥���瑩瑳�����慮�瑯�楳�条��

edasa且uxoturbiditewhichsuggeststransport

慮�数�楴楯�票������牲�瑳��

bab1yofriver一且｡odorigin.Itisover1aincom-

posite1ybycoarse-grainedsandstonewith1arge一

獣�散����摩湧潦��楮���楣��献

周敲敦�攬�敢���祢整睥����癥

�潭���楮摩����慮�瑩潮�潭�攀

``1astturbidite(且uxoturbidite)''tothe“initia1

獨����楮�数�楴���敲慴�批�慣瑩潮

�牲�琬慮摩��物�������潴�睡癥�

basede丘nedbyRIcH(工95王)Thisindicatesa

���敲慢�慢��獨���湧潦���業��

�特�癩���琮周��癥��瑩潮���

��慮�瑯��摩獰�獵浥�潢�数�楴��

�整潰潦�����

3C皿

㈰

』

ω

�

ω

婁

ω

〇

一

椀

伺

｡『

�

�

伺

｡

⊆

何

Σ

萎繁

嚢多義

峯徽;

Tabu1arortroughcross-beddeせpebb1y

VeryCOarSe-tOCOarSε一9rainedSandStOn色S

一Intraformationa1sha1e-c1astcong1o皿erate

一Chame1stmcture,probab1yoriginated

����敲

���������������

�㈱慴��祷���牴����楴�

㎜εdium-9]=ainedSandStOneS

�特晩��牡楮����潮�

劣''…

馨拳甥鋒

〕T･b･ユ…m･･一b･dd･dp･bb1y･･｡d･･㎝｡

メ希篶111,llll:ll二1111

���潮��敲猨�浥杲�����

慮���潮�汢����

MaSSiVe,nOn-9raded血ediu皿一grained

卡�却�攀

ト

COarSe-grainεd

r血ediu皿一9rained

fine-9rainεd

獨�攀

卡�却�攀

�

Φ

目

白

ω

一

�
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�

ω

目

一

･H

■

･H
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■
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一
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■

眈
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�
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�
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�

①

巾

�朮���浮��捴楯湯晴������慴慢整睥���楴獵��歩慮���歩湯�歩��敲�獨�楮条�慮�

sitionfromo冊shoremarinethroughsha11owmarinetonon-marineenvironments.
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��楳�慮�瑩潮����捥���楳湯�

景���捫獨���慮�獨�敷�捨楳�渭

sideredtobecharacteristicoftheo舐shorepart

潦獨����楮�湶楲潮浥�潦�敢慳楮�

周楳獨������捥潦慷��������

楮���灯�瑩潮���癥爬�楳�慮�瑩潮�

sとquencecanbeexp1ainedbythatthesha11ow

seapartofthebasinwasa1most丘11edwithsands

OriginatinginenOrmOuSin且uX缶0mriVerSintO

����������敲���慮瑳異��昀

������敲�畳�慶数��捥����

摯浩��搨�������渮周���楳

�����慶数�杲���楲散琱��潴�

����楮睨敲�潮潴潮������慣�

獨�������異健��瑯晴�

味畫楮�牡��慴楯�慳��摯��

�慨��潮���癥�敢慳�晴�

MakinohamaMember,achanne1structure丘11-

������慮����������慮搭

stoneisobserved.Thisindicatesthein且uence

ofariverchanne1(distributary).Sixto丘丑een

浥��慢�整����敲��捲�����

���潮敢�獷�捨�敢��癥��慶敢��

景��批睥�����慮�潦��獨�攀

depositon(probab1ysandbardeposits)accom一

���批��慮�獨��晶敲�����愀

��楮��睡�慢��

亙romtheaboveexaminationsthe1owerpart

oftheMakinosa止iMemberiscorre1ativet0

d･1t･一社･･t(･ub･q･･…d･1t･t･p)d･p･･it･

血｡ntingtode1tas1ope.Themains1opeargued

���物��敲�整�瑯�癥�����猱潰攬

andthe且ysch-typedepositsoftheKitsunesaki

��敲�散潮����潢���猱潰攀

�灯�瑳��異�牢��敲�晴���慳��

issharp1y〔1emarcatedbythe1owestpebb1ysand-

stoneoftheMakinosa止iMember.Thede1ta

s1opep1ayεdanimportantpartinproducingthe

Hysch-typedepositsrough1yre危r乱b1etotur-

�摩��������歳��潮������

p1at比rm)bedsinthisde1taicsequenceare

��������摩�物��特慮���癩�

depositsoftheMaしinosakiMember.

Thus,thesuccessivestrata缶｡mtheupper-

浯�潦��獵歩湯����瑩潮�����

��潭�瑤数�楴猩��畧桴��瑳��慫椀

��敲���猱潰�数�楴猩瑯���敲�牴

oftheMakinohamaMember(de1ta一缶｡nt

�灯�瑳��畧栱��楣慴�獨���湧��

����湧�����略�攬慮�慮�數�

������獵���癥湯牴桷��摶慮捥潦

���猱潰���浯�牡���数��渮�

獨�����慳���������楳慴�

tribute〔1tothedeve1opmentnotonashe1fsuch

慳��潤���楮�����������

且｡orwithinanin1andseabasin.Are工ative1y

st㏄pde1tas1opeisassumedtohaveexistedin

�敢慳楮�潭���楴桴���潦��畤�

摯浩�������瑩潮�����

Theana1ogousexampesofthe且yschse-

��捥�灯��摩����猱潰�湶楲潮浥�

havebe㎝reportedintheEoceneMati呵aSand-

�潮�晃����愨�之�������

�整慣�畳瑯����������灯�數�

ico(McBRIDE功αZ.,1975)andtheCar-

��晥�畳��敲獣�瑩慮�����略��昀

�牴�湧���が�乳ぎ�������

工978).TheMati呵aSandstonehasthicker

�杲��癥獨����楮�数�楴����

othe･s三nc1udingtheKitakamiJu･assic,andis

灯�敲楮��癯�潦�癩��灯�瑳慳潮�

���数�楴献周�楮���畴楡��略���

物捨敲楮��慳����瑯��物�猱�

����慮���敲献����敲����

��歡浩�牡�楣楳�����猱��牡捴敲��

�批�敦���琱�数�����牲�捥潦

thi･k-b･dd･d…d･t･n･(Hu･･tu･bidit･･)th･･ugh-

������捥�

周�楴��慮�杲��癥���捥��浴�

Fu良kiuraMembertotheKiyosakiMember

����慮��浴�����慴楯�潴�

�杯獨楯��慴楯��朮㌲��癥特�浩�爀

瑯�整牡�楴楯��浴��瑳��慫���爀

totheMakinohamaFormationwithsome工｡ca1

癡物慴楯渮���由琬��楴��慮���捥�

oftheformerarereferab1etothede工taicmotif

1i良ethe1atter.Theabruptchangesoffaciesin

��整牡�楴楯��湮潴��物���楴楯湯昀

gent1egradient缶｡mshore1inetoo舐shore.Pro-

��礬�����物����獵��捨慮来潦

杲���慴������慢潴瑯浯晴���渮

周���潮潦��敦慣�獣�湧�楳�渭

�������獰潮�潴�灯�瑩潮潦�攀

wave-basegεneratedbywaveactions.Sucha

�物��獲散����瑢潴�慳�潦�攀

�杯獨楯��慴楯�������歩
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Fig･58Co1umnarsectionoftheboundarystratabetweentheFukkiuraandtheKiyosakiMembers,showingatransition

�潭��慳��瑯潮����

Member.Thecross如dded,coarse-grained

sandstone(arenite)witha1argeamountofi阯

����瑩潮��浥�潮数敢��數楳瑳楮��

����瑳������潮敢��楲散琱��敲

���楣���瑩湧��潦���潮�睡捫�

andsha1ewiththick-beddedsandstone(且uxo-

�牢�楴���慢�敢慳����潮�潦�攀

�杯獨楯慮�����歩�潢慢�睥�

�灯��摭��������潮�湶楲潮浥�

�畢慱略����瑯�楮�步�湮敲���攀

caseofthe1owestpartoftheMaしinohama

��敲浥�楯����敲��異���瑯昀

theMoneEormationandtheEuh良iuraMem-

berwhichconsistmain1yof且ysch-typedeposits

�敢��癥��慶敢�����湯���愀

猱潰���摩瑩潮�����慮��楮慴�

獨��晴��睥��瑯晴�����慴楯�

慮����浩��敲楳�晥牡�整潰��

��愨��潭�琩��慮摯渭��慢���

���������睥��瑳潦������

(K㌫1c)andtheKiyosaki(Ky一工).

��捨���数�楴獵�敲�散潮摩瑩潮�昀

���癥��瑩潮��摩浥����捥�楮�

摩���慴���業�瑳睨楣桷敲整牡��

灯牴�批物癥��潢慢��由�慳���捨�攀

���敲慢��数灯牴楯湯晴��摩浥���

basinduring且｡ods.Inconnectionwiththis,it

獨���湯���琱�来����潯�

fragments(P玉.VI皿1)areo丑enfoundinthe

���潮敢��晴��瑳��慫楡��畫�

kiuraMembers.T㌔eyareconsideredtohave

beentransportedby且｡odedriversontothesea

��潭�

OTsUKA"αム(1973)reportedthatabundant

��桧��杲慳����潤�������

��畢�物���敷敲数楣步���浴�

�慢潴瑯��畴�ね�数楮���潦

Sagamトnada.Theya1sodescribedthatthe
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3Lam,natedsha1es(Fac1esi〕and
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�����������昱畸潴��摩��

�畢�物�彳���湧汯浥牡��

�敢�祭畤�潮�

�牡捴楯��潴瑯浣����

Fig.60Deposition釦･econst･uctionoftheUpPe･Ju･assicsequenceoftheo･hikaa･ea.Diag･am･Ashow･thedeposition

潦���敲��潦�敏�湯����慴楯���摩慮瑩浥�慮�楡杲����灯�瑩潮潦�敕灰敲��潦�攀

�楮�����瑩潮慮��楯睥��瑰�瑯晴��畫慷���瑩潮�業浥物摧楡�潔楴��慮瑩浥�
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��敢�慫睡獣慵���畢�物�猱畭�湧

��牢�楴�����整�漱���晳�業��

whichwasdeposited缶｡mriver-generated且｡od

�牲�瑳�捴��礬�散慢���歯����

fewhoursa丑erpassingofthepeakoftheriver

且｡odatthemouthduetoaveryheavyrainin

����㈮周楳獨����牧��牧���攀

物癥爭来�牡������牲�瑳慮��

灯�楢�楴���散������捨����爀

灯牴楯�潦�����潭�瑩�潴��慴杲��

����癥�����楴���慮瑰��

debriswasobtained缶｡mtheboxcoresamp1es

attheseabottomabout500to1土00mdeepin

theLaJo11asubmarinefan-va11ey(sHEPARD勿

αZ.,1969).A1sothegenerationofturbiditycur-

rents止｡mriver且｡odshasbeenpostu1atedby

HEEzEN勿αZ.(i964)toexp1ainthecorre1ation

ofcab1ebreaksand且｡odsatthemouthofthe

�湧��敲��潴�慮捩��������

�乳ぎ���慮��������畧桴

thattheturbiditesforming且yschfacieswere

�潤��批猱�楮杤�湯晴��摩��牲�瑳

whichtransformed缶｡mhigh1yconcentrated

mudwatergeneratedbyriver且｡oding.These

referen㏄sindicatewithoutdoubtsomeofthe

deepwatersedimentstohavedeposited缶｡m

1arge且00dCurrentS仕0mriVerS.

正romtheabove,itisevidentthatthereisan

intimateanaユ｡gybetweenthe且yschtype

�灯�瑳潦�敕�敲�牡�楣慮��慢��砭

���潦�牢�楴��步�灯�瑳��楳�敲敢�

�潰���慴浯�潦�整��摩��牲�瑳

werenottheresu1tofs工umpingors1idingof

��慢����潦�摩浥����敲攀

来�牡��楲散琱祢��楮�硯晷慴敲���

���楴��業�瑦��物癥物�潴���渮

�慢����晳��歹��楮慴�獨��卵�

faciesi1割a1ternatedwithturbiditesandstonein

theJurassicof出esouthKitakami(P1.v-1,2)

mayhaveb㏄ndepositedinde1taicenviron-

浥���猱�楮慴�獨�敷慳�潢慢�

来�牡����������物潤楣��

sma11er且｡od-currentsorstormsinasha11ower

�物��癩���琮周畳��灯�瑩潮�

浯��晴�����慳�捩��畭�慳楮

亙igure60.Thismode1presentedhereiscon-

捥浥�楴���楣�灯�瑩潮慳睥�����

pe･Ju･assica1王uvia工depositswe･efo･medon

1ow且at1andwhichwascoveredbyseawater

�景��瑳���潢慢��慴獵捨��敲

������景��慳�潮朱祭���物湧

慮�慴敲��浩杲慴楮杲�敲睨楣�牡���

○任intomanydistributariesatthemouth.

Moreover,apossibi1ityisthatathighdisヒharge

且｡wsemanating仕｡mthedistributariesofthe

on-de1taashigh-con㏄ntrationsedimentgravity

且｡wsproceededontothede工tas1ope.De1tapro-

杲�慴楯測楮楴楡瑩潮慮�癥�����潮�

浥�潦摩�物��特捨���慮��瑣�湧潦

�����������癥��物����

�散潭�數晡捩���瑩潮獨�����楮�攀

UpPe･Ju･assicofthesouthKitakami.Inthis

睡礬���業��特浯��晡���物癥爀

浩杲慴楯���浩�����整���楮楮��

frequentvertica1facieschangesofthe且ysch

晡捩�慳�捩慴楯�潦�敕�敲�牡�楣�

VXH.皿亙RO班丁且ONALH且STORY

AN皿疋AL皿OG週OGRA正HXC

皿yOLUTXON

周��瑩����捨�慣筥物�楣潦�攀

JurassicbasininthesouthKita良amiBe1tis

de伍erentiationofthesedimentarybasinwith

瑩浥����������楮�物慳�捴業攀

慳楮��健�楡測���業��特���慳

慳業��������敲楮��卯畴�

��歡浩��������物���捨慮来�昀

thefacies.Du･ingJu･assictime,howeve･,the

sedimentarybasind冊erentiatedintotwonorth-

�畴桴��楮��畧�睨楣��湯��異��

批�敗�����敍���畢��献周�

aregreat1ydi伍erentinamountofsubsiden㏄

andsedimentaryfacies缶｡meachother.

TheJurassicst･ataintheMidd1esubbe1t

獨�杲�瑶敲瑩��慣�獣�湧�慳���

���批�潭���摩浥������晴牡��

杲��潮慮�敧��楯�獷����慴��牡�

ones.Layingstressonthedi冊erenceof

��潦慣��整睥��敗���慮���攀

Subbe1ts,Itshou1dbeconsi〔1eredthatthe

depositiona1historyoftheJ叫assicwiththecre-

taceousoftheSouthKitakami昼e1tisdivided

楮瑯景��慧�慳獨����杵�猶���㈮
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工･皿&r1yJ双亙盈ssic

���睥��浥��潮条�摩����

north-southdir㏄tionwas£ormedinthe

坥��卵��瑩��摩湧����条睡�

�獨極牡慮��畭�����散�癥�楮�

1y丘nesandandsandymudrichinorganicmat-

������睡獣潭�牡瑩癥�獨���慮�

�潢慢�������瑯��慧潯�楴桧�慴

breedingofbrackishbivaユvesandgastropodsto

景�獨���献卩�整�卩��物慮����

�票慶�������条睡慮摩瑳�癩��

(HAYAMI,196工a).Thecoarserc1asticsdepos-

楴��楮��潮������牧楮潦�楳��

���楮�湧�畴瑯�敷�琮周畳��浯畴�

wasa伍ectedbytheopenseawaterandincreased

楴獷��慮�数����癥�����

��杮慴�慳�效��牡�慮���楯��

十���㈩��獣潮�畳楯��異灯牴�批

ammonoid-bearing丘nermuddyrocksofthe

������瑩潮���敲�瑍�畭�

楮����湯�浯湯�����渮周攀

���慮捥潦�摩浥�����業�慳湯�

b㏄nmadec1earaboutitsposition,butitisprov-

�瑯�癥湯����慴�慳�潴�睥��

2･Mida且eJ双亙&ssic

������来潦�故���牡�楣�敧��

�潮慮���潮��牲�慮��卯畴�

KitakamiBe1twasfo1王｡wedbyaconsiderab1y

�牧整牡�杲��潮楮求��楡�業�周楳�慮�

杲��潮�癥��潴��������

卵��瑳�����敲慢�牡�摩�慮�散�攀

the1argestdu･ingtheMidd1eJu･assic.

��潦慣�獷慳������整桲����

獵��瑳��慳����潦獨����楮攀

��慮�畩整���畤��慣潭浯�

�潦慣��晡�潮��慮���癥獷�捨

獨��慴���慷慳潦������浥渭

癩���琮周��慫畷��卯����

睥������獨��睥��慮��楮�

termediatezonebetweenbothsubbe工tswaspro-

bab工yasiteofdepositionwithoutbarrier.

However,justa丘erthistransgression,the

��畧慷��慨�慳�����湧瑯�攀

睥��瑯������浯�牡�����湧

潦�敢慳楮�慮楮潴�牡�慳���潤��

sediment-gravity且｡ws.Duringthistransgres一

�潮�潴�畢��獨�����畩整���

��慣������癩慮瑩浥�浯�瑯昀

����潮睡��杲���楮�散����牴潦

�敍���畢����瑩�楮�敏獨����

周散��敲�慳瑩�潦�楳慧������

卵���敲�楴瑯牡�慮��灯�瑳�����

業畭�楣����〰浯���佳�歡慮�

�牡�睡�������琨求��楡温�潮�

g1omerateisthethickestwith工argegrave1s(cob-

b1es)三ntheOshikaarea,butisnotfoundinthe

�����慴潴�睥��琱��瑯�散潮�

�畳楯������捥��睡�潴���潦

theMidd1eJu･assicbasin.Thesou･ceareawas

�����楮�潦杲慮楴楣�捫��晥�楣

慮���楴楣癯�慮楣�捨献��摩瑩潮��

�楡�楣�����慳數灯������慮�

b㏄amethesour㏄rocks£ortheear1yMidd1e

�牡�楣�灯�瑳楮�������潤潦

Oshika.Themainsour㏄rocksinthe

Karakuwaa･eawe･eg･anit〇三ds.Judging缶｡m

thecoaserandthic良ersedimentsinthenor-

�����牴潦���慫畷��愬����

��捥獵��瑳瑯�癥��瑯�����

��������卯�������捥��

睡獣潭灯�摭���晡�浥�瑩捧牡����

慳�����潦浥�浯��捲�歳�

IntheSh1zugawaare早｡ftheWestemSub-

�����牡��湧�晴������敲晡捩�

(Arato･akiEormation)oftheMidd1eJurassic

isseen丘｡mcong1omerate-bearingcoarse-9rain-

����潮�����瑯浥摩畭�牡楮�

���潮���睥��畤�湧�潭����

���������獨�楮杳�業��牡��

灯牴瑯睡�����睥��睥��瑩獣潮�畤�

edthatthesedimentsweretransported缶｡mthe

��捥��瑯��慳�捲������卵�

be1t.The且yschfaciesintheover1yingAratofor-

�瑩潮睡獰��捥��慰��数�楮杯晴�

獨����楮敢慳楮楮�����慮����攀

phase.Itisentire1ydi伍erentfromthe且ysch

faciesintheMidd1eSubbe1twiththeover工ying

湯渭�物��灯�瑳睨楣桷敲敦�浥��敲

�杲��癥��楴楯����瑩��摭��

摩�捴楯湯晴���������捨慮�����

���晴����瑩潮楳�畴桷����瑩潮�

�����周散��敢���潦����来

慳���晴�味畫楮�牡慮��慢����

瑩潮������卵����灯�楢��浥
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缶｡mthatsubbe1t.Duringthedepositionofthe

�睥牁牡瑯��慴楯測獨����楮�慮�

慣����摩�����卵������

constant1y且｡wedfromthereintothesedimen-

�特��湯晴���畧慷�����坥��

卵���潦�浴��摩�献��敗���畢�

�����摩浥��祢慳楮��来�����

����楮��牡�瑯�敍���畢���

DuringtheMid-Ju･assic,noc1eardi冊e･entia-

瑩潮潦�摩浥��祢慳楮楮瑯�敗���慮�

Midd1eSubbe1tstoo良p1ace.

3･La･teJurassic

周楳�慧��潴敷��������楣

depositona1historyoftheSouthKita良amiBe1t,

astherewassigniicantdi伍erentiationof

sed三mentaryfaciesandamountofsubsidence

����潴桴�獵��瑳�

��敗���畢����楮���物潤

��整�景�敲�慧整潴���敲��慮�

浯湯瑯湯畳��瑢慳楮��潮瑩��瑯

�灯��楴��敲��瑩潮潦慳�����潦

丘nesandydeposits.IntheMidd1eSubbe1t,the

��浩湧潦�楳�慧敷慳���批�攀

慰健�慮捥潦���潮�摯浩����慴愀

�慫慧��楲�慷���瑳��慫�����

慮��慧����瑩潮�潢整��瑩癥�

慳�杮�瑯��慴����癩慮������景爭

dian.In且｡wofsandysedimentsincreasedsharp-

�慳�捩慴��������楮杯晩瑳�摩浥渭

�特�癩���琬慮����楮札異睡���

��捥獷敲数��捥�周楳�����癩���

批��敲瑩���湧��潭��畩整���

mudtoproxima1且ysch-1ikedepositsofnorther-

���牡摩湧�����業��瑩潮楮�攀

Oshikaarea,proxima11a良edepositsinthe

�牡�睡��慮�����物����

depositsintheSomaarea,andfurtherto且uvia1

depositsevenwithcong工｡meratica11uvia1fan

�灯�瑳楮���慫畷��佳�歡��献

Thicしnessofthesedepositsissevera1timesas

�捨慳�慴潦�敗���畢��瑯�獵�楮

greatdi冊erentia1subsidencewithabarrierbe-

������畢��献

Distributionofdi伍erentsedimentaryfacies

慮�異��晣��散��楣��楮����

Ju･assica･esummarizedinFigu･e56.The

Somaarea,thoughnotgiveninthis丘駅re,has

a且uvio-1akefaciespossib1ywithpart1ysha11ow

�物�晡捩�����潦�捫楮条�渭

朱潭敲慴楣��癩�晡捩��

����景�楡�業攬慴牡�杲��潮

����摩�����卵��������

���畢������祭畤慮�畩整���

��数�楴�楮慳捥�楮杯�敲�畴�攀

卯���楳獣�捥楮���数�楴献周攀

�慮���楯湯晴���来睡�晳��敲獣�攀

thanthatofB勾｡cianandcharacterizedbythe

yie1dingof戸〃幼肋肋∫,arepresentativeam-

浯湯�潦���牡�楣�

���敲��慮瑩浥����楮敢慳楮潦

�敍���畢����慫畷��佳�歡�

startedtoreceivethein且｡wofsandymateria1

�楮���畧桴��摩��牲�瑳灯�楢�

a冊ectedbytherisingofthesourcearea.Thisin一

且｡winthesubbe1twasoriginated仕｡m

1ongitudina1currents缶｡mthesouth,a1most

���琱慴敲�獵灰�獵捨慳睨慴��牲�楮

``ear1yOx£ordiantime"｡The且ysch-typedepos-

itsthuswereprobab1y£ormedonthede1ta

s1opesandatthe£ootofthes1opesunderthecon-

摩瑩潮潦�����業��瑩潮������

e伍ectsof且｡od且｡wsofariverandprobab1e

�����牡������慮�敲数�獵��

��潴景��慴�������潭楮

来�牡�周�数�楴���慳�楳��慣��

瑯睡������

�物湧�楳�物潤楮��潭���獨���

seaenvironmentcontinuedwithstrongere伍ects

ofopen-seawater.Onano伍shoresubmarine

ban良,1imestonedepositedwithgood1atera1con-

瑩�楴��������瑩���癥����

��潮��慳瑳��晴���������

獵�敲来摩������業���攀

Kara良uwaandOshikaareas,1imestonewhich

�灯�����瑳業由���猱����慢��

���慳楮����瑩潮��散捩慳慢�整�

且yschdepositsnotedabove.This1imestoneis

����瑯�癥景��������湯晴�

���散慵�潦�����捥潦����畳

�漱楴楣�慮�瑯�楮�整���献

Brie且y,thesedimentationoftheUpper

Ju･assic(oxfo･dian-Kimme･idgian)indicates

comp1etedi冊erentiationoftheJurassicbasinin-

瑯�敗�������卵��瑳��

sedimentationtoo良p1a㏄ineachsubbe1tin一

一300一�



ノ舳α∬1･∫β伽刎伽1･η1刎伽8･α挽K絨α〃肋11,N･γ肋刎1〃αη(τ脇ωωα,ル刎ゴれ･ψ

����琱祷楴栱楴琱��敲��瑩潮獨���

���卵��瑩獣�牡捴敲��批�数�摯�

楮慮捥潦���爭杲��摭慴敲楡�楴���

��瑯獣��瑩潮潦�摩浥�慴楯渮

4.LatestJ双rassicto皿猟五iestc肥taceo浬s

��潮楡��慴��湯瑦��楮�敍���

���潦�敗���卵��琮周楳獨��

�浥灯�楢�楴��瑤数�楴楯����業��

noto㏄urinthisarea.However,inthe

Shizugawaareaofthesamesubbe1t丘nesand

慮摭畤睨楣��潦�楳������物�

originweredepositedduringTithoniantime･

周���業�瑳��摯�潮睨慴��瑯�

睡癥��敲牡捥睨敲整�����湧��

wereerodedaway,asexemp1i丘edbythe

卯�湯����慴楯渮

IntheMidd1eSubbe1t,the且yschorsha11ow

��慣��晴���楯畳�慧敷慳��慣�批

湯渭�物��敲���������慮杵�爀

�����慮�����捥潦���慮�

seemstobeheavi1yweathere〔1graniticrocks.It

楳灯�楢��慴��数�楴楯��楴�晴��

��獷慳慮���������獵捨慳愀

��楮楮杵�楳�潮�������潦�攀

����楮����敲��慮�慮���楯渮

周楳浩�瑢敲�慴����敦��瑩潮潦�攀

r㏄Hike1imestonesmentionedear1ier.This

����牡�楣���潮敧牡���楮捲���瑳

���瑯晦�������慮摩瑢散潭�

�������慮�瑯��灯��摭�琱��

且uvia1environment.ItssupP1ywasmost1y缶｡m

�������敲��浯��潸業�晡捩�楮

����潦�敍���畢���

���������捥�猨��潭楡温��

岨idd1eSubbe1tsu伍eredthethirdtransgression

���楣此数�楴楯湯普敲楴楣�����攀

佳�歡������睡�楮��晡�牧攀

���潦��祭慴敲楡��潴���潭楡�

�愬慮����湯渭�物��灯�瑳慮�

慧楴慴�獵���畳����浥摩���畴�

��������卵���捥����牲�

楮��慳����潦��畢�������瑩�

��畭�瑯��敲�由瑯普敷�捴潮楣摯��

睡�楮朮周�楲散瑩潮潦��異��晣��楣�

睡��浴��畴桴潴�湯牴桷楴桴����

���湧湯牴桷��

��敗���畢�������獨極牡

��數�物�捥���潭楡��楮�湶慳楯�

aseviden㏄dbytheJusanhamaGroup.This

杲��獣潭灯�摭���晡���慮�瑯�

潦獨����晡捩��潢慢�潦������攀

慧���瑯晴��畫慷���慴楯湯晴�

Oshi良aarea.Thereispossib1ysomeinterre1a-

瑩潮����潴��慴�

�物湧��慴��楴潮楡����浩慮

瑩浥���睡�捩摶漱���楮����攀

areaanditresu1tedinthesupP工yofagreat

���潦����整物�����楮�牡�瑩�

��物��

Asseen缶｡mtheabove,duringthisstage

�慴���慳�������捲整慣�畳��

��湧�浥����摩浥�慴楯����搭

��畢��睥������業��瑯���晴�

���牡�楣��祷敲数����潮瑩��

缶｡mthepreviousstage.IntheWestemSub-

�����睥�慢���獵灰�潦���

�慳瑩�慮摭�步摯獣��瑩潮潦�摩浥�慴楯�

��������畩整��楴楯�潦�攀

��楯畳�慧��

ThisJu･assictocretaceoussedimenta･y

����敲睥�睥慫捲畳��敦��瑩潮

景���批慮��瑩�����楣癯�慮楳浩�

�潢慢��畴敲�楡�業�

��敲�湧����潦����杲慰�慮�

sedimentationoftheJurassic,up1i舟ed1andas

��慴敲���捥���畭�瑯�癥數楳�摯�

��慳瑯晴����桲������浥�慴楯�

潦�敕�敲�牡�楣楮��獨楫��愬慮�

�浩�物������瑯��牡楳�捉�椀

��瀨�����������慷慳��

��批�丰���慮��������

isnear1yconsistentwiththe“OfunatoIs1ands"

whichhavebeenassumedbyKIMURA〃αZ｡

����

Themagneticanoma1yzoneo旺theSanriku

�慳瑳��楮�杵���潴�楮��瑩潮瑯

theabove“eastempa1eo-1and,,｡Themagnetic

��數����也却����慢���潦

㈰�慮��湧�潦浯��慮������

theis1etofKinkasanandMt.Hi良amiyama.

周�物�湯晴��湯���������

獵浥����慮摔����慳慨��瑯

浥摩畭�牡��杮整楣��獵捨慳杲慮楴楣

�捫�楴瑩湧慴慶敲����灯�瑩潮��爀

�����潭����整桲���慮潭��
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獵�潮�慮��敷��浯晴�浩獣潭散��

��������捥��漱��捲�歳慴�攀

����潦�敏獨楫��楮獵�慮�楴桴�

��敧慵牡癯�慮楣景�慴楯湯晴��牡��

waareatothenorth.Theseremarしab1e1inear

�牡湧��瑳獨�慴散瑯������牡捴敲�

�獨���湯������歡浩杲慮楴楣

��潦��潺������物慮慧�����

�����數��楯湯晴�慢��湯��

������捥潦��獨楷�楴��潮�

朱潭敲慴�獣潮��敲�瑯�癥���攀

Hikamigranitic6ody(KAN0,工959).

周敧牡癥�潦��捨楳瑯�浥�浯���

�捫��杲慮楴楣�捫����牡�楣�渭

g1omeratemusthavebeenderived缶｡ma

��捥�����摩���杮整楣慮潭��

������畭�楯�慮���湧�獵�

灯牴�批�����捥潦�效楫��牡�瑩�

body.Thissou･ceareaintheJurassictime

睨楣����楮���慮�版楫�楴　

Kinkasanisca11edherethe“Hikami-Kinkasan

����捴潮楣�����牴�慳獵�瑩潮�慴

�楳��睡��捴潮楣��潦���整慣�畳

瑩浥��������

周�慧�瑩�湯����摩�灰��

慢���慴��畴��潦����礬�瑩�

reappearso旺thecityofSomaasaresu1tof

慢�琲に浯晨��潮��楳��瑩潮瑯睡�

theno･thwest.TheJu･assicstrataofthesoma

���整��畴���牧楮�晡捩�楮�攀

Jurassicsequen㏄softhesouthKitakamiBe1t,

慮����浯��步�瑯�癥�灯��摩�

������楴栱慮摯�畢�物�異�慶�

瑯��慳琮�睥癥爬�敢慳楮�����慧攀

潦潰��慷楴�捴�散������敲����

��業�瑯��������楴�潦�攀

�歡湯�睡��慴楯湯晋業浥物摧���

���楴��慮慧�

�灯�瑩潮�����晴��牡�楣���

discussedabove,togetherwiththe“pa1eo-tec-

瑯��慮�❷�捨�潢慢�數楳��潴����

����畳敦由楮景�慴楯�潮捥浩湧�攀

����杲慰�潦������歡浩���爭

楮���牡�楣健物潤���牡�楣�����

杲慰�����楮�杵���

周��慳�捩�慮��慯晴��畴�

��歡浩��睡��瑰����潭散��

�����慮��睨楣����楮��湮敲�

������潦��慰慮��猱慮�

(``TedoriSea'')throughthenorthems三deof

theAbu㎞maMountains.Thisisbasedonthe

£o11owingtworeasons｡亙irst1ytheJurassic

depositsaregenera11yofo舐shoreordista1facies

楮�敗���畢�����������昀

theMidd1eS曲be1t.Thisindicatestheex-

楳���晡�慰������摩湧瑯睡��攀

west.second1ytheMidd1eJu･assicofthesouth

��歡浩�����������潮��

andino㏄ramidsofborea1typeasintheTedori

����������楮献周��攀

representedbyK砂μr加∫sp.(K0BAYAsHI,

1947),1…舳舳･･f.1･ψ･nd五㎜･〃･nd…

�浩�牴潴���潭���卩�物愨����

��������牡�楣慮���

�整慣�畳晡�慳�癥慣潮��牡��畭�爀

潦獰散�獣潭浯�潴��物湯獵晡�慯晴�

���潮�晳��睥��������

���周畳�瑩獣潮�畤��慴���慳��

formationsoftheSouthKitakami彊e1tareofin-

termediatetypebetw㏄nthoseoftheInnerand

ふ��潮�潦�畴桷��慰慮��捨�慣�爀

��潮瑯���

亙X.CONCLUSIONS

工)TheJu･assicb･mationsofthesouth

Kitakami昼e1tareregardedasepicontinenta1

�灯�瑳��摯�楮慮楮���慢慳楮慣��

���批湯渭�物���癩��灯�瑳��業�

meridgianorear1yTithoniantime,theJu･assic

basinwasunderthein且uenceofanopenseaat

�慳��灯牡��周楳楳獨�������捥

潦�牡���楮杣����獲�歳慮����

currenceofthe“Torinosu-typefauna''.

2)Thebasinwasdistinct1ydi舐erentiatedin-

totwominorbasinswhicharenowo㏄upiedby

�敗�������卵��瑳�琱慴�瑍��

d1eJu･assico･ea･1iestLateJurassictime.A丘er

thedi伍erentiation,agreatdi価erencein

�摩浥���慣����癩���瑳��牲�

����潴�畢���慮��捥�敲潦�灯��

tionmigratedintotheeast.Esp㏄ia11yinthe

Oshikaarea,theamountofsじるsiden㏄wasthe

杲���楮���慳��慳楮慮���獵�慮�

�牡����敲�瑩浥���捌慳�散���

獰潮摩湧���捥楮�敗���畢���
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摯浩湯�楮����汯�楣�

谷｡｡i.t･･｡｡｡｡･f･1i｡･｡f.1｡｡1i｡｡

蓑･i･舳･

Fig.62MapsshowingsuggestedpaleogeographyofthesouthKitakamiBe1tduringJu･assictime.Thethicknessof

depo･itsisshownbyisopach1inesfo･eachstage.Insetisapaleogeog･aphicmapofNo･theastJapandu･ingmidd1eto1ate

Jurassictime(modi丘edf･o平TAKIzAwA,(i977).

㌩����牡�楣瑩浥�杲��浯�瑯昀

coarsec1asticswhicharecomposedchie且yof

�歯��慮�瑯�慮�潮朱潭敲慴�数�楴�

楮�敍���畢���琱��慰�瑯晴�

coarsec1asticsweresupP1iedfromthe“t㏄tonic

1and''totheeastoftheJurassicbasin.Theposi一

瑩潮潦���癥��楳���敲�瑯�牲�

獰潮�楴桴��牲�也�潮�昱慮搭��

�杮整楣慮潭��潴���潦��楴慫�椀

���楮献

�周敦漱��湧晡捩�慳�捩慴楯��攀

��杮��楮���慳���慴�獨���
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marine,o舐shorebasinmud,且ysch,a11uvia1an(1

�步慳�捩慴楯�楮慳捥�楮杯�敲��

��慴���略��潦��牡��楡瑩潮���

threemajorcyc1esoftransgressiontoregress三〇n

楮�敍���畢�����慳��慳��

慳�捩慴楯���瑩�湯渭�物��灯�瑳��

notpres㎝tintheWestemSubbe1t.Conse-

��琱礬楴楳��畭��慴���慳�捩�慮�

�慯�������睥��物湧慴�慳瑍��

d1etoLateJu･assictimeandwasconnected

����湮敲�慯晴���������

(``Tedorisea")オnda1sowiththeouterseaof

theIs1ands(“Torinosusea").

5)F1y･･hf･･i････…i･ti･n･･p･…nt･dby

�牢�楴�������牡浯�瑯昱�楮慴�

sha1esand且uxoturbidites.Asregar(1sdeposi-

tiona1environmentofthe且yschfacies,thereis

�浯�湯�摩浥���散�摯晡�����

晡捩�慳楮�楣慴楮杣潮瑩���猱潰����数

�慢慳楮�����敲�整�慳�癩湧��

duetorapi(1depositionona1oca1(1e1taics1ope･

周��慳楯�������晰���慧浥��

withintheturbi(1itesand且uxoturbiditesshows

thatpartsofthe且yschsedimentsareprobab1y

慴�楢畴�瑯物癥版潯搭来�牡����摩��爭

���灯�瑩潮�

6)Basedupontherapidchanges肚｡m

且yschthroughsha11owmarine(partia11y1ac』

楮�楮瑯��癩�晡捩�慳�捩慴楯測�攀

��潭楮慮捥潦����睡��������

慮��潯�敲��楮�����慣����

tionofthe且ysch-a11uvia1sequenceinthe

�牡�楣潦�敍���畢��楳慳獵浥��

�癥�獵���潭慮��敲���牡摩湧

de1taicdeposition.Mostofthe且yschfacies

慳�捩慴楯�獲敧����数�楴����愀

猱潰����略���瑩獰���整�散���

�敦漱��湧景�����瑩潮��慳�潦愀

de1ta:on-de1ta(Huvia1anddistributary),de1ta一

缶｡nt(regressivesha11owmarine),de1tas1ope

(且y･･h)･･dp･･一d･1t･(di･t･1t･･bidit…nd

���畤慳�捩慴楯温�

剥晥�湃攵

��丬������畤���當楡瑩��摩浥��

瑩潮�楸��潴���潭�睥��剥�慮搭

stone,Ang1o-We1shBasin.胴6刎舳1010馴,vo1.3,p.

����

����楮楮札異睡�獣�����當楡���

cessions.Zわ3ψoo1ル`α冊6加∫κτ0ω1.ノ｡〃π一,vo1･4,P･

㈲�㈴�

�����癩敷潦��物���捨�慣�物�

ticsofrecenta11uvia1sediments.8泌伽肋五〇鰍,vo1.

5,p.89_191｡

���却畤���當楡瑩��摩浥�慴楯渺�

comparisonof丘ning-upwardscyc1othems,with

獰散楡�敦敲�捥瑯�������潭灯�瑩潮

andinterpretation｡ノ;o〃.83必刎舳`一P勿ブ｡Z･,vo1･40,

�㈹�㌲㌮

andFRIEND,P.F､(1968)DepositionoftheCat-

skmfacies,Appa1achianregi㎝:Withnoteson

someotherOldRedSandstonebasin,1れKLEIN,

��嘱�������潺������楣

��楮����業��瑩潮�������牴�

America.Gω1,806.ノ刎一,助κ｡肋μτ,n〇一06,p.

���

�乄�央�����楮潦��潭�牲敧由����昀

�摩浥�慴楯湯晴����楣�牡�楮�攀

KitakamiMassif,no･theastJapan｡〃舳.ハα･一助.

〃〃J.α祀3亙6〃6.K"9"ωα～ブれあ.,no.79,P.1-i4.

RARRET,P.J.(1965)Geo1o駆｡fthea･eabetweenAxe1

HeibergandShac凹et㎝g1aciers,queenMaud

Range,Antarctica,lM醐Z3α1"〃ノ｡〃γ一αo1-Gθψ妙一

癯��倮㌴�㌷�

BART0LINI,C.BERLAT0,B.andB0RTOL0TTI,U.(工975)

���楯捥����睡�牴��摩����

WesternTuscany.83伽3れ`､G301.,vo1-i4,p,77-

�㈮

��獅乂�������漱��晡�當楡�慮����

aridregions.(;30ム806｡｣4刎.1…砒〃｡,vo1,65,P.175-

椹�

�啣�������灯�瑩潮潦�浥�健��剥�

卡��潮散潮朱潭敲慴�楮�������

studyinthesigni丘｡anceofbedding.860〃､ノ｡〃､

0ω1.,voL3,P.139-167.

BoUMA,A.H.(玉962)8脇刎棚｡lo馴φJ0閉3〃J6舳ψ5伽■

gτα〃肋6ψψτo〃乃ま｡ノあ6ゴω加たψr勿ακo加.E1sevier,

��敲�����

��久�刮�慮��������㌩却��

generatedcoquinoidsandstone:Genesisofhi雪h-

�敲��物��摩浣���浴��健��慳��

ofWyomingandMontana.0ω1,806一■肌8α".,

vo1.84,P.工685-1698.

cANT,D.J.･ndwALKER,R.G.(1976)De･e1opmentof

abraided-Huvia1faciesmode五fortheDevon五an

BatteryPointSandstone,q県6bec.0ω胴.ノ｡αれ万〃肋

86～｡,vo1.工3,p.102一ユエ9.

CAssHYAP,S.M.(工970)Sedimentarycyc1esanden-

vironmentsofdepositionoftheBarakarCo釦
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ノ｡ωπ.83♂加〃械.1セ炉｡1｡,vo1.39,P･194-221･

����数捨慮���慳�癥��慮���
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ノ〃｡冊｡gザ∠∬06､θωム0o〃ω凸.ノα〃ωれ,no.i9,P.103-

n4(inJapanesewithEng1ishab･tract).
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南部北上帯におけるジュラ紀層の堆積

簿沢文教

要旨

南部北上帯のジュラ紀層はラ中生層における3列の向斜状配列の内,西列(志津ハト橋浦･水沼の各

地域)と中列(唐桑｡牡鹿･相馬)とに点在して分布し,南北約160km,東西25kmの狭長な範囲に分布

する.それらは,岩相｡含有化石･堆積構造等の諸特徴に着目して層相解析がなされ,19の層相(F･･ies)

が識別された.各層相の形成条件の吟味と層相相互の提携関係とから,大まかな堆積環境に対応する6

つの堆積相群(FaciesassociatiOn)が識別される.

すなわち,①沖積組相(山麓扇状地｡側方移動河川･分流河川),②湖沼組相,⑧浜堤一湿地組相,④

浅海組相(瀕海｡潟を含む),⑤フリッシュ組相(タｰビダイト･葉理頁岩など),及び⑥堆積盆底泥組相

の諸組相で,それぞれ60-650mの厚さをもつ.これらの垂直的出現順序は,④→⑥→⑤→⑧→②･①で

あり,中列のジュラ系では,この海成層→陸成層の堆積サイクノレカミ2回くり返えされる.牡鹿地方のみ

は白亜系にも1堆積サイクノレが認められる､

以上の層相解析に古流向や粗粒砕屑物の組成を加味して,堆積様式や古地理を次のように考察した.

i)陸成層は中列の地層の30%以上を占め,上部ジュラ系に良く発達する.酉列は層厚が中列の3

分の1程度と薄く,全て海成層で占められる.粗粒砕屑物は前者で優勢,後者は主に泥質岩からなる.

このような両列の層相の対立と堆積盈の分化は,ジュラ紀後期に最も顕著に現れた.

ii)中列における沖積組相は,北向きの海川流と東または北東からの側方扇状地の発達が,オック

スフォｰド階に認められる､

拙)中列によく発達する上部ジュラ系フリッシュ組相は北に向って前進･成長したデルタの斜面

とその前面部に形成された､その主要な構成物である級化砂岩層(タｰビダイト)や厚層理砂岩層の多

くは,河川の洪水流に起源する北向きの堆積物重力流によって形成された.海成葉理頁岩の頻繁な発達

も河川の強い影響を受けたデノレタ環境での生成を示唆している.

iV)上記のi)､ii)及び砕屑物の組成から判断して,堆積盈の東側には片状花闇岩･変成岩を有する

構造帯的陸地の存在が推定される､ジュラ紀堆積盆は全体として内海的環境にあり,一時は西方に沖合

相を配し,古日本列島の内側の海とも連絡していた.

V)相馬のジュラ系一白亜系は,北上プロパｰの唐桑一牡鹿のそれと層相や砕屑物の構成の大部分

において共通し,両者は同一奉列の堆積盈と後背地に由来した.

(受付:1984年12月13目;受理:1985年3月29目)

一311一�



β〃〃｡(享601.8α㈹.ノαク初れ､脆1.3ζjVo.5

P1肋1

��癩��捩���捩慴楯渮

1.Ripple-dr肚｡ross-laminated丘ne-grainedsandstoneinmidd1epartofa丘ning-upwardsequenceofnon-marine

�灯�瑳�慫楮��慓慮�瑯���敲�獨楫�

㈮�牧�獣�散����摩湧潦����牴�畧桴������杲���慮�瑯�潦卵�慣�獣��杯獨楯���

tion,K肌akuwa-Thissandstoneisregardedaspoint-bardepositsoriginated止｡mameanderingriver.

Stratigraphictopto1e丘一

3.Trangitiona1sequen㏄缶｡m1owersandstoneparttouppershalepartin丘ning-upwardsequenceofnon-marine

deposits,KogoshioFormation,Karakuwa.Thissequenceischaracterizedbyshaユe(siltstone)thin1yinterbedd-

edorinterlaminatedwith丘ne-grainedsandstone,andisprobablyoriginated舟｡m1eveedepositsofameandering

r三Ver.

�����牴����潮朱潭敲慴散潮�楮楮��牡景�瑩潮�獨�散����歩湯��卡��潮敍��爬

Oshika.Thisfaciesisre此rabletoa11uvialfandeposits(probab1ymid-fandeposits).�



1;απG601.8〃㈹､ノ;αψαη､吻ム3ζNo.5

Hα〃∬

A11uvia1andLakeFaciesAs呂｡ciation

1一正aciesd,beddedandlaminatedine-tomedium-grainedsandstoneinterbeddedwithsha1eo㏄asiona11ycontain-

楮杰�������楴��潦��楹�慫楓慮�瑯���敲�獨楫�却牡瑩杲慰�捴潰瑯�敲�桴��

SakaguchiirizawaSandstoneMember-Thesequen㏄ofP工ate1Ashowscoarseningandthickeningupwardse-

quence.ThesequenceofPlat1Bconsistsofsandy1amin三te(Subfaciesi3),andshowsripple-dri丘｡ross-1amina-

tion(upperhalf)withpar■le玉1amination(1owerhalf).Thesefaciesareconsideredtobeagitatedlakedeposits

(P･･b･b1yl･k･d･lt･d･p･･it･).

2.Subfaciesb2,massivetothick-beddedmedium-grainedsandstone吐equent1yshow三ngcross-bedding,uppermost

p趾toftheMakinohamaSandstoneMember,Oshika-Thissandstoneisconsiderablywell-sorted,andispossib1y

originated舟｡mbeachridge(coasta1sanddune)deposits,

3.Subfaciesc2,Massivetoverythick-beddedcoarse-grainedsandstone仕equent1yshowing1arge-scalecross-bed-

摩湧慮�潯���異睡��捲���湧牡�������睥��瑯晴����歩卡��潮敍��爀

�����������数�瑯晴����歩卡��潮敍��爬佳�歡�潴�慮�瑯��晴����歩

Memberareprobablyoriginated仕｡mdistributarychannel〔leposits.

��慨�浥��楲��批睨楴�楮敷�捨楳㌳��湧�



β砒〃.(享εo1.8α㈹.ノ"〃"れ,脆1,3ζ1Vo.5

Pzα加1z7

�����楮�慣����楡瑩潮�

������瑩潮��浥�潮��慳瑣潮朱潭敲慴�晴��睥��瑰�瑯晴��畫慷���瑩潮慴�����

extremityofAji-sh三ma,Oshika(1A),割ndtheIowermostpartoftheKogoshioFormat三〇nattheeasternextremi-

tyofOshima,Kar刮kuwa(1B)｡Matrixconsistsofcalcareouscoarsearkosicsandstone.Limestoneclastsaredark

grayimpure1imestonecontainingabundant血agmentsofcorals,ca1careousalgae,crinoidsandmo11uscs.

2.Tabu1arcross-beddedquartzosesandstone,o㏄asiona11ycontainingintraformationaユ1imestoneclasts,1owermost

�牴潦���歡睡��慴楯測��獨業�

3.Vertica1burrowswithins11ty丘ne-grainedsandstoneinthe1owermostoftheKozum1Sha1eMember(3A)atthe

睥�潦��浩���物����牲����瑯��晡捥潦慳慮�瑯��摯�畢晡捩�戲��楮����攀

�牴潦�畫慷���瑩潮���獨楫愬��獨業�
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刀肋1r

��捨�捩���捩慴楯�����極牡卡��潮����敍��爬佳�歡�

1.Thin-beddedsha1e-sandstonea1te･nation(Faciesj2:“shaly且ysch"),westemextremityofMakinosaki.

却牡瑩杲慰�捴潰瑯物�琮

2.Medium-beddedsandstone-shalealtemati㎝(亙aciesjl:“norma1Hysch"),nea･Atsui一･ak1.Stratig･aphictoPto

1e舟一Hammergivessca1e.

3.Thick-beddedmedium-grainedsandstone(Faciese:Huxoturbidites),nearTomari.Stratigraphictoptole舟｡

Thissandstoneo㏄asiona11yshowsdishstructureasshowninP1ateV-3.�



月α〃.

(享30Z.8α閉.ノαψαれ､吻Z.36,1》o.5

Hαたr

��捨�捩���捩慴楯�����極牡獨���卡��潮敍��爬佳�歡�

1A.Laminatedsha1e(mainlySubfaciesi2)showingsiumpoverfolds三nsmallscale,nearAtsui-zak三.

Thisfaciesiscons三deredtobenotdista1turbiditesbutslopedeposits.

1B.Strong1yundu1atorycurrent-ripplemarks,aユmosttendingtothe1ingoidtype,Tomari.Ripp1emarksofthis

type缶equent1yo㏄urontopsurfaceofcross-1aminatedsandstoneswithinSubfaciesi2.

2.Gradedsandstonebeds(turbidites)interbeddedw三thlaminatedsha1e(Sub危｡iesi､),Tomari.Stratigraphic

topto1e丘.Penci1(lowerrightofthepicture)givessca1e.

3･Di･h･t･････…f…mm･･typ･(A)･･d･1･･g･一…1･typ･(B)i･F･･i…,thi･k-b･dd･dm･di･m-9･･i･･d

���潮����極牡��潭���
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戸z肋〃

��捨�捩���捩慴楯�����畧慷���

LSubmarinechannelcuttinginto1aminatedshales(Subfaciesi』)and丘11edwiththick-beddedsandstones(Facie竃

e,Huxoturbidites),1owerpartoftheAratoFormation,Akaiwa-zakiofShizugawa.Thisch乱nnelstructurein-

dicatesastretchofthenortheastdirection.Itscユ｡se-upviewwhithinthequadrang1eisgiveninP1ateiB,

2･Medium-beddedsandstone-shaユealtemation(Subfaciesj』)inthelowerpa･toftheAratoFomation,Naka･aiof

Shizugawa.Arrowindicateschanne1-1ike豊andstonebody.

�周楮�������慮�瑯����瑩潮�畢晡捩�����汯睥��瑯晴��慴���瑩潮�牡瑯��捩�
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���版�捨��������瑳��慫楓慮�瑯�慮�����敲��佳�歡���

1.S1umpoverfoldsinsandstone-sha1ealtemationnearOhara-hamaofOshika.S1umpmovementprobably舟｡m

r三ght(east)tole丘(west).
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卵捨�湧�浥牡�晡捩�楳摩�物��摩��癥特��物捴�����祥慳���牴潦�敏獨楫���

�楮潭整敲�慳��牴潦�散潮�潭敲慴敢����獣��

3.Acoarseningupwardsequencein且yschfac三esassociation,consistingoflaminatedshale(rightside),medium-

������潮�獨����慴楯測�楣�瑯浥摩畭����慮�瑯�慮摯牴��湧汯浥牡��慫楮�慫�

eastempartoftheOshikaarea.Stratigraphictoptole針.�
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戸わ〃7z77

1.Largep1班nt(wood)fossi1舵agmentswithammonoidbssi1(encirc1edbywhite1ine)withinmedium-bedded

sandstone-shalealtemation(Eaciesjllturbidites),亙ukkiuraMember,Tomari,Oshika.Scaleatlowe･･1ghtof

�数楣��楳�����

2,Aggregativeintraformationa1sha1ec1astswithinFac三ese,thick-beddedmedium-grainedsandstone,Fukkiura

��敲�畫歩�愬佳�歡�

3.L乱rgestcalcareousnoduleswithinFaciesf,thick-tomedium-beddedblackshaIe,Tsukinour副Formationnear

Yoriiso,Oshika.Notethesee1ongationnotpara11eltothebeddingplane(ind五｡atedbydashed1ines)butpara11e1
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