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Late　Ceno名oie　Geohistory　in　the　Northern　Fossa

　　　　　　　　　　Magna　Region，　Central　Japan

By

Takao　YANO
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（Received，　January　17，1986）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ABSTRACT

　　　　In　the　northern　Fossa　Magna　region　situated　at　a　junction　of　the　Honshu　Arc　and　the

Izu．Ogasawara　Arc，　an　extremely　thick　series　of　Upper　Cenozoic　strata　is　extensively　de・

veloped．　In　this　paper，　the　stratigraphy　is　described　in　detai1，　and　the　sedilhentary　and

tectonic　histbry　is　reconstructed　on　the　basis　of　the　analyses　of　sedimentary　environment

and　geologic　st士uctur6．　　　　　　　　　　　　　　　　　　　　　・

　　　　The　Upper　Cenozoic　system　in’this　region　is　divided　into　seven　formationsi　namely，

the’Uchimura，　Bessho，　Aoki，09awa，　Shigarami，　Sarumaru　andToyono　Formations　in
ascending　order．　They　are　moderately　deformed　by　folds　an“fa山s．．　Six．types　of　fold

and　six　systems　of　fau1色are　discriminated．　The　subsidence　pattern　qnd　sedjment．ary　envi・

’ronment　qre　analyzed　through　exami耳ing　the　chahge　in　thickness　qnd　litho－and　bio・facies，

as　well　a6幽 paleocurrents．　　　　　　．　　　　　　　　　　　　　　　　駈　　　　　　　、

　　　　The　Late　Cenozoi6　geohistory　in　the　northern　Fossa　Magna、　region層is　diVided　into　two

stages，　though　they　overlap　each’other　in　their　’transitional　period’．　The　first　stage　during

Miocene　to　Early　Pleistocene’ 　’is　ch寧racterized　by　a　series　pf　movements　including　initial

volc△nism　a血d’subsequent　sub白idence，》1utonism　and　folding．・The　sedimentation　of　pre≧

flysch，　flysρh　and　molasse　facies　have　taken　place．　The　history　in　this　stage　may　be　com－

parable　with　that　l of“geosyhcline”．　The　development　of　sedimentary　basin　with　a　polari－

ty　toward　back一琶rc　sid6．　and　the　foldipg　of　strata　have　essentially　；esulted　from　th．e　gro．w一th

of　regional　asymmetric　upwarping　bf　NE－SW　trend　undqr　the　influence　of　gravity．．．The．

se’cond　stage　during　Pliocene．　to　Quaternary　is　characterized　by　block　faulting　associated，

with　uplifting　of　island　ar6．　Volcanic　chains　and　volcano・tecto耳ic　depressions　of　N・S　and

partly　NW－SE　trends　were　superimposed　upon　the　structUral　frameWork　con§tructed　in　thel

first　stage．　The　migration　of　depocenters　of　sedimentary　basins　newly　generat6d　in’this

stage　is　oblique　to　that　in　the　first　stage，　and　seems’　to　have　contihued　until　the　preSe’nt．

　　　　It　is　c6nsidered　that　thθLate　Cenozoic　geohistory　in　the　northern　Fossa　Magna　re－

gion　has　been　tectonically　controlled　by　superposition　of　the　block・faulting　with　a　trend

parallel　to　the　Izu・Ogasawara　Arc　upon　the　asymmetric　upwarping　with　an　axis　parallel

to　the　Northeast　Japan　Arc．
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1．INTRODUCT夏ON

　　　　Central　Japan　is　situated　at　a　junction　of　three

island　arcs，　namely，　the　Northeast　Japan，　the　Izu。

Ogasawara　（Bonin）and　the　Southwest　Japan　Arc．

This　junction　is　characterized　by　a　syntaxis　in　the

zonal　arrangement　of　the　pre。Neogene　basements
（Fossa　Magna　Syntaxis；Hara，1979），　and　by　a　large・

scale　“Graben”filled　with　the　thick　Neogene　sedi．

ments（Fossa　Magna；Naumann，1893），　as　well　as　by

the　remarkable　uplifting　during　Quaternary　time

generating　the　most　mountainous　highland　in　Japan
（Fig．1）．

　　　　On　the　geology　of　the　northern　part　of　the　Fossa

Magna　region，　many　contributions　have　been　made

since　the　1920’s．　The　epoch－making　studies　were　pro－

duced　by　Homma　（1931）and　Kobayashi（1957）．
Homma（1931）established　the　standard　of　stratigra．

phy，　clarified　the　framework　of　geologic　structure，

and　discussed　the　origin　of　sedimentary　basins　and　the

mechanism　of　folding．　After　the　last　war，　Kobayshi

（1957）　interpreted　the　Late　Cenozoic　geohistory　of

this　region　in　view　of　the　geosynclinal　orogenesis　theo－

ry　based　on　the　advancements　of　stratigraphical

study．

　　　　　The　recent　progresses　of　research　in　many

branches　of　geology（e．g．，　sedimentology，　structural

geology，　paleontology，　geochronology　and　petrology）

have　made　it　one　of　the　most　important　themes　to

restore　the　Late　Cenozoic　geohistory　of　the　northern

Fossa　Magna　based　upon　a　precise　reexamination　on

the　stratigraphy　and　geologic　structure．　The　tectonic

controllers　of　the　Neogene　and　Quaternary　systems，

furthermore，　may　be　extracted　from　the　detailed　geo－

history．

　　　　　The　author　has　studied　mainly　the　stratigraphy

・9
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FIG．1．　Tectonic　division　of　Central　Japan　（compiled

　　　　　　from　Minato　et　al．，1956；Geol．　Surv．　Japan，

　　　　　　1977；Huzita，1980；Chihara　and　Komatsu，1982）．

and　geologic　structure　of　the　thick　Upper　Cenozoic

strata　in　the　central　part　of　the　northern　Fossa

Magna　region．　In　this　paper，　the　stratigraphy　and

geologic　structure　are　described　at　first　with　an　out。

line　of　geology　，　and　subsequently　the　transition　of

sedimentary　basins　and　the　formative　process　of
structural　systems　are　analyzed．　In　conclusion，　geo－

history　is　restored　from　which　the　tectonic　agents

driving　the　growing　process　of　the　Late　Cenozoic　sedi－

mentary　basin　in　the　region　are　induced．
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ll．OuTLINTE　oF　GEoLoGy

A．GENERAL　REMARKs

　　　　Among　the　above－mentioned　three　tectonic　char－

acters　of　Central　Japan，　the　latter　two　are　considered

to　be　originated　from　the　Green　Tuff　Movement
（ljiri，1958）and　the　Island　Arc　Disturbance（Fujita，

1970），respectively．

　　　　Fujita（1972a，　b）summarized　the　geohistorical

process　of　the　Green　Tuff　Movement　which　had　taken

place　in　the　inner　zone　of　island　arc（called　“Green

Tuff　Region”）as　follows：At　the　generative　stage　of

the　movement　in　Early　Miocene　time　many　polygonal

collapse　basins，　being　ten　and　several　kilometers

across，　were　formed　as　a　result　of　local　doming－up，

and　then　the　violent　initial　volcanism　started　in　the

basins　followed　by　a　regional　subsidence．　At　the　de－

veloping　stage　in　Middle　to　Late　Miocene，　the　zone

of　initial　volcanism　and　subsidence　began　to　turn

into　uplifting　zone．　The　latest　Early　to　early　Middle

Miocene　transgression（“Nishikurosawa　Transgres－
sion”）advanced　rapidly，　and　the　depocenter　has　mi－

grated　intermittently　toward　the　marginal　sea　until

Pliocene　time．　The　acid　to　intermediate　plutonism

proceeded　in　the　uplift　zone，　and　the　basic　volcanism

accompanied　with　intrusive　episode　took　place　along
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the　hinge　between　the　uplifting　and　subsiding　zones．

The　marked　deformation　was　characteristic　of　the

vanishing　stage，　and　the　thick　strata　were　folded　and

faulted　at　last．

　　　　The　Green　Tuff　Movement　in　Fossa　Magna　dis－

plays　two　peculiarities．　Although　the　Green　Tuff　Re－

gion　runs　through　the　inner　zone　of　island　arc　in　gen－

era1，　in　Fossa　Magna　it幽 transects　thb　Honshu　Arc　in

N－Sdirection　and　connects　the　Green　Tuff　Basin　of

the　Northeast　Japan　Arc　with　that　of　the　Izu。’
Ogasawara　Arc（Fig．1）．　Also，　the　crustal　movement

in　Fossa　Magna　is　fairly　more　intense’ in　subsidence，

magmatism　and　deformation　than　in　other　regions．

　　　　Concerning　the　arrangement　of　the　sedimentary

basins　generated　by　the　Green　Tuff　Movement
（“Green　Tuff　Basin”for　short）in　Fossa　Magna，
F両ita　et　al．　（1968）　pointed　out　that　the　collapse

basins　at　the　generative　stage　tend　to　concentrate

into　the　several　zones　elongating　in　NE－SW　directio血，

80to　100　km　long，　and　arranged　in　en　6chelon　fashion

of　left－hand．　The　structural　pattern　of　the　Fossa

Magna　region　is　illustrated　in　Fig．2（Yano，1982a）．

The　distinctive　features　of　the　pattern　loomed　up　as
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FIG．2．　Structural　pattern　of　the　Green　Tuff　Basin　in　the

　　　　　　Fossa　Magna．

UZ：Uplift　Zone，　SZ：Subsidence　Zone．

aconfrontation　between　the　subsiding　zones　and　the

uplifting　zones　in　the　developing　stage　of　the　Green

Tuff　Movement．　The　wavelength　of　such　a　large－
scale　undulation　is　estimated　to　be　40　to　50　km．

　　　　Among　such　subparallel　geological　units　the　au－

thor　has　surveyed　the　southwestern　Minochi－Nagaoka

Subsidence　Zone　and　a　part　of　the　Central　Uplift　Zone

（Fig．3）．　This　paper　subjects　the　Green　Tuff　Basin　in

the　southwestern　half　of　these　two　zones　to　investiga。

tion　bqsed　on　the　author’s　reexamination　in　addition

to　previous　works．

　　　　On　the　other　hand，　the　Island　Arc　Disturbタnce

since　Pliocene　or　Middle　Pleistocene　time　has　pro－

duced　the　today’s　arc－trench　system．　It　is　character－

ized　by　the　violent　uplifting　of　island　arc　in　a　man－

ner　of　large－scale　block　movement，　the　arc　volcanism

and　the　intermediate　to　deep　earthquakes　along　the

Wadachi－Benioff　Zone（Fujita，1970）．　For　instance，

the　Itoigawa－Shizuoka　Tectonie　Line　bordering　the

western　margin　of　Fossa　Magna　at　present　is　clari－

fied　to　be　a　result　of　block　faultipg　in　this　stage

（Fujita，1973b）．　In　this　POper　the　representation　of

the　Island　Arc　Disturbance　and　its　relationship　to　the

Green　Tuff　Movement　in　the　Fossa　Magna　r’egion　will

be　discussed　briefly．

B．GEoLoGIcAL　SuBDIvlsloN　oF　NoRTHERN
　　　　　　　　　　　　　FOSSA　MAGNA

　　　　The　structural　elements　of　the　Green　Tuff　Basin

in　the　northem　Fossa　Magria　trend　in　NNE－SSW　di－

rection．　In　detai1，　the　general　trend　turns　from　N－S

direction　in　the　southwestern　area　to　NE－SW　direc。

tion　in　the　portheastern　area，　and　as　a　whole　deline－

ates　somewhat　convex　curve　to　the　northwest．

　　　　The　Green　Tuff　Basin　of　the　northern　Fossa

Magna　is　divided　into　the　Central　Uplift　Zone　and

the　Minochi　Subsidence　Zone　by　the　Matsumoto－
Nagano　Line（Hirabayashi，1969）as　shown　in　Fig．4．

　　　　In　the　Central　Uplift　Zone，　the　lower　sequence

of　the　Upper　Cenozoic　Group　is　exposed　extensively，

accompanied　partly　with　the　middle　to　upper　se－

quence．　The　geological　structure　of　the　zone　is　repre－

sented　by　two　large－scale　domes　elongated　in　NNE－

SSW　to　NE。SW　direction　with　the　concentration　of

plutonic　rocks，　and　by　a　half　basin　occupying　the

western　half　of　the　saddle　between　the　two　domes．

According　to　such　structura1　features，　the　Centra1　Up－

lift　Zone　is　subdivided　into　the　three　portions　named

the　Utsukushigahara　Dome，　the　Shiga　Dome　and　the

Tochiku　Half　Basin．

　　　　In　the　Minochi　Subsidence　Zone，　the　middle　to

upper　sequence　was　accumulated　very　thickly，　and

was　complicatedly　deformed　by　numerous　folds　and
faults．　Two　Ieading　anticlines　subdivide　the　zone
into　three　longitudinal　subzones　of　differential　subsi－

dence，　i．e．，　the　Komiji，　Takafu。Orihashi　and　Hikage

Subzones．

　　　　The　fracturing　and　volcanism　in　N．S　and　NW－

SE　directions　in　Pliocene　to　Early　Pleistocene　time

have　produced　several　volcano－tectonic　depressions．

Namely，　the　Komoro　Depression　on　the　eastern　side，

the　Shigarami　Volcanics　Chain　in　the　central　belt，

the　Omine　Depression（“Omine　Belt”；Kosaka，1979）

on　the　western　margin　and　the　Enrei　Depression　on

the　southern　border　are　superimposed　on　the　Green
Tuff　Basin　obliquely　and　transversely（Fig．4）．
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FIG．6．　Geological　profiles　of　the　northern　Fossa　Magna　region．
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皿．STRATIGRAPHY

　　　　The　pre－Neogene　basements　are　exposed　exten－

sively　in　the　Hida　and　Kiso　Mountain　Ranges　on　the

western　and　southwestern　sides　of　the　Itoigawa－
Shizuoka　Tectonic　Line（Figs．5，6）．　The　following

rocks　are　arranged　from　north　to　south；the　crysta1．

line　schist，　serpentinite　and　Paleozoic　formations　of

the　Hida　Marginal　Tectonic　Belt　accompanied　with

the　Lower　Jurassic　Kuruma　Group，　the　Paleozoic　to

Mesozoic　formations　of　the　Mino　Belt，　the　complex

of　gneiss　and　granite　of　the　Ryoke　Belt　and　the　crys．

talline　schist　of　the　Sambagawa　Belt．　Also，　the

volcano。plutonic　complex　of　Late　Cretaceous　to
Paleogene　age　is　extensively　emplaced　into　the　middle

part　of　the　Hida　Mountain　Range．　On　the　other

hand，　the　basement　rocks　cannot　be　found　in　the

northern　Fossa　Magna　region　itself　except　the
Yokokawagawa　Metamorphic　Rocks（an　equivalent
of　the　Sambagawa　Metamorphic　Rocks；Kawachi　et
al．，1966）which　crops　out　along　a　fault　on　the　north

of　Lake　Suwa．

　　　　　Conversely，　the　Neogene　to　Quaternary　sedi－

ments　extend　widely　over　the　northern　Fossa　Magna，

and　beyond　the　Itoigawa－Shizuoka　Tectonic　Line　a

small　part　of　them　is　preserved　upon　the　basement

rocks．　The　sediments　accumulated　in　and　around　the

northern　Fossa　Magna　during　Miocene　to　Middle
Pleistocene　attain　more　than　20800m　in　total　maxi－

mum　thickness，　and　are　subdivided　into　seven　forma．

tions，　i．e．，　the　Uchimura，　Bessho，　Aoki，　Ogawa，

FIG．4．　Simplified　structural　map　of　the　northern　Fossa

　　　　　　Magna　region．

Shigarami，　Sarumaru　and　Toyono　Formations　in　as。

cending　order（Fig．7）．　The　lowest　formation　crops

out　in　the　large－scale　domes　of　the　Central　Uplift

Zone，　and　the　next　three　formations　are　exposed　in

the　Tochiku　Half　Basin　and　extensively　in　the
Minochi　Subsidence　Zone．　The　further　next　Shigara－

mi　and　Sarumaru　Formations　are　distributed　in　the

Minochi　Subsidence　Zone，　and　also　in　the　Shigara－

mi　Volcanics　Chain　and　the　Omine，　Komoro，　Enrei

Depressions．　The　uppermost　Toyono　Formation　covers

the　underlying　formations　with　a　marked　unconform－

ity　almost　over　the　region．

1．Uchi那召rα　Formation

　　　　The　Uchimura　Formation　is　exposed　extensively

as　cores　of　the　Utsukushigahara　and　Shiga　Domes．

Its　lower　limit　and　total　thickness　are　unknown　be－

cause　of　shallow　erosional　level　and　plutonic　intru－

sion．

　　　　According　to　Uchimura　Collaborative　Research
Group（hereafter　symbolized“C．　R．　G．”）（1953），　Ota

and　Katada（1955），　Inaba（1959），　Yamagishi（1964），

and　Yoshino（1976，1982），　the　characteristics　of　this

formation　are　summerized　as　follows：The　formation，

being　more　than　4900　m　in　sum　of　maximum　thickness

of　the　exposed　succession，　consists　of　lava　flows　and

pyroclastic　rocks　accompanied　with　clastic　rocks，　and

is　stratigraphically　divided　into　the　lower　and　upper

parts．

a）Lower　Uchimura　Formation
　　　　The　Lower　Uchimura　Formation　is　subdivided

into　three　members，　i．e．，　the　Takeshi，　Ichinose　and

Hongo　Members．　The　former　two　are　represented　by

volcanic　facies．　Due　to　marked　hydrothermal　altera－

tion　such　as　chloritization，　epidotization，silicification，

sericitization　and　pyritization，　the　volcanic　rocks　ex－

hibit　greenish　color，　and　therefore　are　called　the
“ Green　Tuff”by　the　Japanese　geologists　customarily．

The　Takeshi　Member　consists　of　basaltic　to　dacitic

volcanics　with　a　thickness　of　1500　m　in　exposed　suc－

cession，　and　is　accompanied　with　a　large　amount　of

black　shale　in　the　Shiga　Dome．　The　Ichinose　Member，

Oto　1300m　thick，　consists　of　dacitic　to　rhyolitic　vol－

canics　and　overlies　conformably　the　Takeshi　Member．

On　the　other　hand，　the　clastic　facies　called　the　Hongo

Member　is　distributed　in　the　western　marginal　part　of

the　Utsukushigahara　Dome．　This　member，　O　to　1600

mthick，　is　composed　of　mudstone，　sandstone　and

conglomerate，　and　tends　to　thin　and　fine　toward　the

east．　　The　volcanic　and　the　clastic　facies　of　the

Lower　Uchimura　Formation　interfinger　mutually　on

the　western　flank　of　the　Utsukushigahara　Dome．

b）Upper　Uchimura　Formation
　　　　　The　Upper　Uchimura　Formation　consists　also

of　the　volcanic　and　the　clastic　facies　which　interfinger

with　each　other　on　the　north　of　Matsumoto　and　com－

plicatedly　in　the　Shiga　Dome．　The　volcanic　facies　is

subdivided　into　the　Kokuzo　Member　in　the　basal　part

and　the　Fujisan　Member　occupying　the　main　part．

The　former　is　made　up　of　moderately　altered　basalt

with　a　thickness　of　O　to　600m　which　exhibits　partial－

ly　pillow　structure，　and　the　latter　of　weakly　altered

glassy　andesite　to　dacite　with　a　thickness　of　400　to

1500m．　The　clastic　facies　called　the　Tazawa　Member，

more　than　1550　m　thick，　consists　mainly　of　black　mud。

stone，　occasionally　containing　volcanic　materials　on
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the　north　of　Matsumoto，　and　frequently　intercalating

layers　of　sandstone　and　conglomerate　around　Mt．

Moriya，　southernmost　part　of　the　Utsukushigahara

Dome．　In　the　Shiga　Dome，　this　member　comprises　so

much　amount　of　andesite　that　it　is　designated　as　the

Toyosaka　Andesite　Member（Fig．7）．

　　　　Thus，　the　Uchimura　Formation　is　characterized

by　the　enormous　volcanic　rocks　of　two　cycles（each

from　basic　to　acid），　and　by　the　peculiar　hydrothermal

alteration　ca11ed　the“Green　Tuff　Alteration”．

posed　of　fine－to　medium－grained　sandstone，　accompa－

nied　with　dacitic　tuff　at　the　base．　This　tuff　is　a　bot－

tom　marker　which　separates　the　Bessho　Formation

from　the　underlying　Tazawa　Member　of　the　Uchimura

Formation．
　　　　The　Bessho　Member　occupying　the　majority　of

the　formation　consists　of　black　shale　and　mudstone，

accompanied　with　a　minor　amount　of　mudstone・

W L偽岨r（iJ“－er．
E

2．Bessho　Formation
　　　　The　Bessho　Formation　is　characterized　by　the

predominance　of　monotonous　black　shale　and　mud・

stone，　being　in　conformable　contact　with　the　Uchimura

Formation．　It　attains　a　maximum　thickness　of　2470

mon　the　north　of　Matsumoto，　but　thins　gradually
toward　the　east　and　abruptly　toward　the　west（Figs．

8，9）．The　formation　is　subdivided　into　the　Hakumaki

and　the　Bessho　Member．

　　　　The　Hakumaki　Member，　15　to　30　m　thick，　is　com・

；
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FIG．8．　Geological　map　of　the　area　to　the　north　of　Matsumoto．
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don｝i無ant　sandstone＿搬疑dst◎轟e　a！もernati◎総．　Sea瀟s　of

91auconitic　sandstone　are　intercalated　near　the　basal

hOrizOn，　and　a　Small　amO概t　Of　vO王CaniC　maもeria三S　iS

c◎ntai臓ed◎n　the　north　of　Matsumoto．　Disturbed

structures　such　as　slump　fold　and　siump　bal玉together

with　pebbly　r薩udsto職e　occur　1◎cally（Fig。8）．

　　　　Thus，　the　Bessho　Formation　plays　a　role　of　key

fo蹴ati◎羅◇ve2　theどegio捻bec灘se　of・it＄re搬arkable

monotonous　facies．　It　is　also　noticed　that　the　thick・

織¢ss　te総ds　t。圭雛㈱ase・fro鵬もhe　axi織1　pa蹴◎the　fユ醗k

of　dome　in　the　Central　Uplift　Zone．

3．Aohi　For7nαtion

　　　　The　Aoki　F◎ど斑atio轟　c◇轟s圭sts　exc1讐s三ve！y　◎f

sandstone・・mudstone　altemation　exhibiting　a　flysch

aρpe蹴羅c¢，　a轟d　c。囎r圭ses　two　upward－f圭登i轟g　cyc1es

of　which　the　upper　cycle　is　more　abundant　in　sa臓d。

sto総e　than徳e　lower．　S疑ch　a　fac三es　is　very　stab王e

over　its　extensive　distribution．

a）Lower　Aoki　Formatio臓

　　　　The　Lower　Aoki　Formation　overlies　conform．

ably　the　Bessho　Formation　and　is　represented　by　the

HQsoda　Sandstone　Mudstone　Member．　It　consists
mainly　of　mas＄ive　mudstone，　mudstone　laminated
w三th　very　fi捻e．gra至簸ed．　sa総dsto無e　and　lnudsto滋e－

dominant　altemation，　accompanied　with　a　minor
a斑（》讐鷺tof　bedd¢d　sa1ユdst（》！玉e　a滋d　conglomerate．　The

base　i＄marked　by　conglomerate　and　sandstone　with

農thick縫ess　of　1◎も065瓢which　aτe　traced　c王early　ever

the　region．　The　lithofacies　tends　to　fine　upward　and

t◎¢◎arseR　s三ight！y　so競thwesもwa，rd。，Dis撫τbed　st蹴¢一

加res諮uch　as　slump　fold　and　slump　ball　as　well　as　peb－

b1y　midst◎轟e　deve至◎P　iR　maRy幽ces，　esp¢ciaUy　at　the

uppermost　horizon　on　the　east・southeast　of　Omachi．

The　me磁ber　has　a斑axi蹴疑z箆tぬ圭ck織ess　of　王650Σ践　o蕊

the　north　of　Matsumoto，　but　thins　gradually　toward

the　eaSt　a織d　abmpt！y　tOWard　t塾e　WeSt（F圭9．9）。1擁

the　Takafu轍Orihashi　and　Hikage　Subzones，　the　thick－

ness　is　unknown　because　the　b◎ttom　is　not’exposed．

b）Upper　Aoki　Formation　　”　　　　　、’

　　　　The　Upper　Aoki　Formation　is　represented　by　the

SeRmi　SaRds乞oRe　Mudstone　Member．　It　co憂sists　main－

Iy　of　mudstone，　sandstone・mudstone　alternation，　and

bedded　sa簸ds乞o滋e　acc◎搬paRied　w三th　COR910merate．

The　Iayers　of　fine．to　medium－grained　sandstone　fre．

q慧e轟t1y　w三th灘ddy　sea搬s，　abo懸t　10　to　200滋th圭ck，

are　intercalated　at　many　horizons．　The　sandstone一

搬幾dst◎擁e　alterxxati◎論shows　disti轟ct　graded　beddixg，

parallel　lamination　and　ripple・cross　lamination．　The

批hofac圭es伽ds　to　fi霊e犠pward　and　t◇c◎翫rse轟t◎・

ward　the　east　of　Omachi．　Structures　showing　pene－

C幡e即ora㈱鷲S㈹S三〇餓re　oめserved◎CCas三〇籍a王王y　i黙

the　upper　part　of　the　member　on　the　eastern　margin　of

s◎uthem　K◎m圭li　Subz◎ne’　and◎n翫e　westem瀟argi撤

of　the　southern　Takafu－Orihashi　Subzone，　The　thick－

ness　changes　abruptly　beyond　the　Saikawa　a鷺d　the

Nishikyo　Anticline，　and　a　maximum（more　than　1840

m）　is　in　the　southwestern　part　of　the　Takafu－

Or圭hashi　s糠bzo捻e．

　　　　Thus，　the　Aoki　Formation　exhibits　a　flysch．1ike

fa¢ies　a嚢d　f◎τ搬s　two慧pward・f圭RiRg　cycles．丁蓋e　ab－

rupt　change　of　thickness　beyond　the　leading　anti－

¢liaes　iR　the　MiR◎chi　s疑bside轟oe　Z◎滋e　is翫！s◎achaでae．

teristic　of　this　formation。

4．09αωαFormαtion

　　　　The　Ogawa　Formatio論disp芸ays臓remarkabユe　dif・

ferentiation　of　sedimentary　facies　in　lateral　direction．

StratigraphicaUy，　it　is　divided　into　the　Lower　Ogawa

a織dthe　UpPer　Ogawa　Formati◎n，　each　of　which　is

subdivided　further　into　two　or　three　members　of

dif£erent　fac三es．　Besides，　the　Kotak三ya燃Facies三s

developed　isolatedly．

a）Kot蕊k圭y蕊蹴蕊Fa，e三es

　　　　According　to　Utsukushigahara　C．　R．　G．（1977），

the　Kot絃k圭ya蹴a　Facies　distτ圭b犠ti総g　i籍the　ce塁tでal　pa黛t

of　the　Utsukushigahara　Dome　is　chamcterized　by　lava

f1◇w§a論d　pyme1ast圭cs◎f　homb！e曲a鍛desite，＆轟d　is

composed・of　th¢唱Kotakiyama　Formation　a臓d　the
W臓τ羅sawa　Tuff　Breccia　Member．㌘he　Kotakiya搬a

Formation，　about　1500m　thick，　rest3　unconformably

up◇箆窃e脚・Ne◎ge籠e　Yok◎kawagawa　Meもa孤or画c
Rocks，　the　Takeshi　Member　of　the　Uchimura　Forma・

もio簸and出e　Q讐artz　D三◎rite葦轟もrudi憂g　int◎the　Take曲三

Member．　The　basal　conglomerate　is　ill－sorted，　com。

prizing　subangu王ar　t◎　angu五ar　cobb1es　a簸d　bou王ders

（2min　maximum　diameter）derived　directly　from　the

Surrounding　basement　rocks．　It　is　confirmed　that　the

lower　a簸d鶏iddle　parts　ofもhe　K◎takiyama　Formatio臓

intercalate　layers　of　mudstone　occasionally　containing

p1a！it　fragm銚lts嚢a！！d滋b疑t　t◎the　bas¢搬e！lts　a至o！！g．the

western　margin．　The　Warusawa　Tuff　Breccia　Member，

ab戯6◎◎癒thiek，　C◎総sists◎f・pym¢1astics　o£h◎m－

blende　andesite　with　arenaceous　mudstone　seams，　cov・

e痴gthe　Kotak圭ya斑a　F◎r漁ti◎織with　a賑塁c◎xxfofm－
ity．　’

　　　　？he　Kotakiya】瞭a，　F◎rmatiOR　is　intr縫ded　by

diorite　with　an　extent　of　1×0．5　km．

b）L・wer　Oga轡a　Fg磁ati・滋

　　　　The　Lower　Ogawa　Formation　is　bomposed　6f　60n－

te瀟pora窺e◎犠s　three　鵜e搬bers，　i．e。，　も蓋e　S縫soもana，

Sanseili　and　Shimoichiba　Members．・The　lat愉two

overlay　conform醐y　the　Senmi　Member　of　A◎ki　For－

mation，　but　the　relationship　betwe¢n　the，　Susobana

Memberand　the　underlyiゴg　strata　is　unknown・for　the

m◎st、瞭t．　　　　　　㌧一；‘4
　　Susobana　Member

　　　　The　S縫s◎b餓a　Me紬er．　isτep欝ese㈱d　by　lava
flows　and　pyrociastic＄of　rhy61ite　to　dacite．’Of，this

member，　the　eXposgres　a！0籍g　the盤oでthwestem　fでi塁ge

of　the　Nagano　Basin　and　along　the　southern　foot　of
Mt．　Hiliτi　aでe　ea11ed　the　S織sob簾a　a熱d　the　Koso　T舷ff

Member，　re8pectively．

　　　　The　base　of　the　S疑soba鎗丁縫ff　Me搬ber　is登ot

exposed　except　the　Asakawa　Mudstone　Member　in　the

轟orむh　of　Naga難◎．　The　Sus◇ba盤T縫ff　Me鵜ber，瀟㈱

than　2060m　thick，　is　subdivided　into　five　units　at　least，

i．e．，S1　to　S5　U轟it三n　asse轟d三難9◎rder　at漁e　s◎疑雛west－

ern　end　of　the　Nagano　Basin（Fig．10）．　Main　constit。

ue訟t　rocks　are　as　fon◎ws；SI　U臓it（more　than　130m

thick），　dacitic　pumice　tuff；S2Unit（more　than　590m

thick），　compact　crystal　tuff，　abundant　in　large　high－

quartz　crys乞als　and　locaUy　welded；S3　U憂it（about　320

mthick），　plagiorhyolitic　lava；S4　Unit（150　to　220m

t｝憾ck）撃P◎罫重）hyritic　p1ag圭◎でhyolite韮ava，　t級r鍵圭糠g　i職t◎

p¢alite　lava　at　the　northeastern　end；S5　Unit（more

th簾8◎0憩thick），灘ssive　dacit圭・αysta1加ff，　c・難一

taining　abundant　large　high－quartz　crystals　besides

P讐擶iee．　The　rocks駿derwe就hydrgt難ermal　glteratiox
along’ the　Hijirigawa　Fault　and　especia11y　along　the
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Sanogawa　Fault．

　　　　On　the　gther　hand，　along　the’southern　foot　of

Mt．　Hiliri　the　Bodaira　Tuff（Morishita　et　al．，1957）

consisting　of　pumiceous　acid　tuff　of　about　10　to　30m

in　thickness，　is　intermittently　intercalated　in　the　upper

part　of　the　Sanseiji　Member　to　be　described　below．　It

is　inferred　to　be　an　extension　of　a　part　of　the　Suso－

bana　Tuff　Member．　The　Koso　Tuff　Member　resting　up－

on　the　Sanseiji　Member　with　a　conformity　is　about
600m　thick　in　the　east（Kato，1980）and　thins　out　fi．

nally　in　the　western　margin　of　the　Komili　Subzone．

This　member　consists　mainly　of　massive　dacitic　crys・

tal　tuff，　containing　abundant　large　high－quartz　crys＿

tals　in　addition　to　pumice　and　partly　welded．　Judging

from　the　lithofacies，　the　Koso　Tuff　Member　is　an

equivalent　of　the　S5　Unit　of　Susobana　Tuff　Member．

　　　　Recently，　the　northwestern　extension　of　the　Suso－

bana　Member　has　been　confirmed　in　the　Takafu．
Orihashi　Subzone．　The　Kolima　Tuff　found　at　the　mid．

dle　horizon　of　the　Oubayama　Sandstone　in　the　south－

ern　part　of　the　subzone　consists　of　massivo　dacitic

pumiceous　crystal　tuff（6m　in　maximum　thickness）

abundant　in　large　high・quartz　crystals（Yano，1983a）．

Based　on　the　resemblanee　in　lithofacies　and　the　com．

position　of　heavy　minerals（Fig．11），　the　Kojima

Tuff　is　a　correlative　with　the　Koso　Tuff　Member

and　also　with　the　S5　Unit　of　Susobana　Tuff　Member．

The　Sumeragi　SK．2　well　boring　for　the　exploitation

of　natural　oil　and　gass　on　the　south　of　Mt．　Mushikura

（Fig．3）has　also　cored　a　dacitic　crystal　tuff　of　about

45m　in　thickness　at　a　depth　of　2000m　under　the
ground（Mining　Society　of　Natural　Gass　and　Japa一

nese　Association　for　Petroleum　Exploitation　in　Conti．

nental　Shelf，1982），　which　remarkably　resembles　to

the　dacitic　tuff　of　S5Unit　of　the　Susobana　Tuff　Mem．

ber．　Thus，　it　became　possible　to　trace　the　top　horizon

of　the　Susobana　Member　into　the　Takafu－Orihashi
Subzone，　and　it　was　clarified　that　only　the　S　5　Unit

displayed　an　　exceptionally　　extensive　　distribution

among　the　five　units　of　Susobana　Member．

　　Sanseiji　Member

　　　　The　Sanseili　Member　conformably　overlies　the

Senmi　Member　of　the　Aoki　Formation，　but　the　change

in　lithofacies　between　the　two　members　is　abrupt．　It

consists　mostly　of　massive　or　thick．bedded　fine・

to　coarse－grained　sandstone，　conglomeratic　sand－

stone　and　pebble　conglomerate，　with　occasional　inter－

calation　of　arenaceous　mudstone　seams．　The　sandstone

is　white・colored　and　arkosic．　The　lower　half　of　this

member　extends　from　the　Tochiku　Half　Basin　to　the

southern　Takafu．Orihashi　Subzone　with　an　uniform

lithofacies　mostly　of　shallow　marine　environment，　but

the　upper　half　shows　a　considerable　facies・variation

from　non－marine　to　shallow　marine　condition．　A

grcenish－colored　carbonaceous　mudstone　with　coal
seams　is　frequently　intercalated　in　non．marine　sedi・

ments．　Some　of　the　coal　seams　were　mined　before．　In

the　north。east　Komili　Subzone　and　the　middle　Takafu・

Orihashi　Subzone，　the　Sanseiji　Member　as　a　whole　con・

sists　of　fine－grained　bedded　sandstone　and　sandstono葡

dominant　sandstone－mudstone　altemation，　and　inter・

fingers　northward　with　the　Shimoichiba　Member．

　　Shimoichiba　Member

　　　　The　Shimoichiba　Member　crops　out　only　along
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FIG．10．　Geological　map　of　the　southwestern　part　of　Nagano　Basin．
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the　middle　stream　of、the　Sai　River　as　a　core　of　the

Saikawa　Anticline，　and　consists　of　mudstone　and　sand－

stone－mudstone　alternationJn　the　Sumeragi　SK。2　wel1，

this　member　is　about　400m　thick（from　2000　to　2430

min　depth），　overlain　by　the　top　maker（S5　Unit）of

the　Susobana　Tuff　Member（Mining　Society　of　Natu．

ral　Gass　and　Japanese　Association　for　Petroleum，　Ex－

ploitation　in　Continental　Shelf，1982）．

　　　　The　total　thickness　of　the　Sanseiji－Shimoiehiba

Member　is　1100min　maximum　at　the　southern　Komiji

Subzone，　but　decreases　gradually　toward　the　east　and

abruptly　toward　the　west．　Also，　it　is　770m　at　the　east－

ern　margin　of　the　middle　Takafu－Orihashi　Subzone，

decreasing　monotonously　toward　the　west．

c）UpPer　Ogawa　Formation
　　　　The　Upper’Ogawa　Formation　is　composed　of．the

Komiji　and　Sakainomiya　Members，　which　are　inter．

fingering　with　each　other．　The　formation　is　exposed

within　the　Monochi　Subsidence　Zone　and　limitedly　at

the　southem　foot　of　Mt．　Hijiri　in　the　Central　Uplift

Zone．　The　maximum　thickness　is　about　1500mat
Sumeragi　on　the　south　of　Mt．　Mushikura．

　　Komiji　Member

　　　　The　Komili　Member　is　characterized　by　the　pre．

dominance　of　coarse」grained　sediments．　It　exposed

separately　in　the　following　three　areas　with　different

facies．　On　the　southwest　of　Nagano，　the　member　cov－

ers　unconformably　the　Susobana　Tuff　Member　with

abasal　conglomerate　containing　cobbles　and　boulders

derived　from　the　Susobana　Member，　and　consists　chief－

1y　of　medium－to　coarse・grained，　white　quartzose　sand－

stone．Such　a　lithofacies　tends　to　fine　toward　the　north。

east　and　changes　into　that　of　the　Sakainomiya　Mem－

ber．　In　the　southern　Komiji　Subzone，　the　present　mem・

ber　comprises　a　number　of　upward－fining　cycles，　each

of　which　is　10　to　25　m　in　thickness　and　is　composed　of

conglomerate，　sandstone　and　greenish－colored　mud－

stone　with　coal　seams．　In　the　southern　Takafu－Orihashi

Subzone，　the　member　consists　of　massive　or　thick．

bedded　fine－to　coarse－grained　sandstone，　conglomera－

tic　sandstone　and　conglomerate　accompanied　with　ar－

enaceous　mudstone　seams．　The　Komiji　Member，　in　the

latter　two　areas　conformably　overlies　the　Koso　and

Sanseiji　Members，　and　interfingers　northward．with

the　Sakainomiya　Member．、

　　Sakainomiya　Member

　　　　The　Sakainomiya　Member　consists　mostly　of

mudstone　and　mudstone。dominant　sandstone－mud－
stone　alternatioh，　accompanied　with　bedded　sand－

stone．　It　is　exposed　in　the　northern　part　of　the　Minochi
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FrG．11．　Geological　map　of　the　area　along　the　mid　stream　of　the　Sai　River．

　　　　　　　（The　heavy　mineral　composition　of　the　Koso　and　Kojima　tuffs　is　also　shown．）
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Subsidence　Zone　repeatedly　by　folds．　It　unconformably

overlies　the　Susobana　Tuff　Member　on　the　westi　of

Nagano（Yano，1981b），　and　conformably　the　Shimoi・

chiba　Member　along　the　middle　stream　of　the　Sai
Rivdr．

　　　　As　a　whole，　the　following　four　facies　are　recog・

nized　in　the　Ogawa　Formation．　The　intermediate　vol－

canic　facies　with　succeeding　plutonic　intrusion　in　the

collapse　basin　at　the　apex　of　dome　in　the　Central

Uplift　ZoneぐKotakiyama　Facies），　the　acid　volcanic

facies　on　the　flank　of　the　zorie　（Susobana　Facies，　rep－

r。sented　by　the　Susobana　Member），　the　molasse－1ike

coarse　clastic　facies　in　the　frontal　area　of　the　zone

（Tochiku　Facies，represented　by　the　Sanseiji　and　Komiji

Members）and　the　muddy　flysch・like　clastic　facies　far

off　the　zone（Minochi　Facies，　represented　by　the　Shi－

moichiba　and　Sakainomiya　Members）．

5．Sh　igαrami　Formαtion

　　　　The　Shigarami　Formation　is　distributed　largely

in　the　central　and　northwestern　Minochi　Subsidence

Zone，　and　consists　of　mudstone，　sandstone　and　con。

glomerate，accompanied　with　a　thick　series　of　andesitic

lava　and　pyroclastics．　The　formation　exhibits　a　com－

Plicated　facies－change　in　lateral　direction，　and　is

stratigraphically　divided　into　the　lower，　middle　and

upPer　parts　by　partical　unconfomities．

a）Lower　Shigarami　Formation

　　　　The　Lower　Shigarami　Formation　conformably
overlies　the　Upper　Ogawa　Formation　and　overlaps　the

Susobana　Tuff　Member　of　the　Lower　Ogawa　Forma－
tion　on　the　northwest　of　Nagano（Yano，1981b）．　It　is

composed　of　the　Gonda　and　the　Takafu　Member，　which

interfinger　with　each　other　on　a　large　scale　in　the　cen．

tral　Minochi　Subsidence　Zone．　The　thickness　is　mark－

edly　variable　and　attains　a　maximum　of　more　than

2400m　in　the　eastem　part　of　the　middle　Takafu・

Orihashi　Subzone．

　　Gonda　Member
　　　　The　Gonda　Member　consists　mostly　of　coarse一
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grained　clastics　such　as　sandstone，　conglomeratic　sand－

stone　and　conglomerate．The　sandstone　is　black－colored

and　dirty　in　apPearance，　containing　a　large　amount

of　volcanogenic　clasts　especially　at　the　middle　horizon．

The　present　member　displays　a　lateral　facies．change

as　follows：In　the　southern　to　middle　Komili　Subzone，

the　member　comprises　a　number　of　upward－fining　cy－

cles（each　being　10　to　45m　in　thickness）resembling

those　of　the　underlying　Komiji　Member；1enses　of　an－

desitic　lavas　and　pyroclastics　are　included　there．　The

main’part　of　the　Gonda　Member　distributed　in　the

northeastern　Komiji　Subzone　and　the　middle　Takafu．

Orihashi　Subzone，　consists　mostly　of　massive　or　thick－

bedded　fine－to　coarse－grained　sandstone，　conglomera－

tic　sandstone　and　pebble　to　cobble　conglomerate，　in。

tercalated　occasionally　with　seams　of　arenaeeous　mud－

stone　and　pyroclastics．　Such　a　lithofacies　grades　north－

ward　into　argillaceous　very　fine・grained’sandstone，

and　thus　the　Gonda　Member　interfingers　with’the

Takafu　Member．　On　the　southwest　of　Mt．　Mushikura，

apart　of　the　Gonda　Member　which　consists　of　fine－

to　coarse－grained　sandstone　and　pebble　to　cobble　con－

glomerate，　occurs　as　Ienticular　bodies（each　being　15

to　45m　in　thickness）in　the　Takafu　Member．

　　Takafu　Member
　　　　The　Takafu　Member　is　characterized　by　monot－

onous　dark　grey　mudstone，　accompanied　in　the　Hikage

Subzone　with　a　minor　amount　of　mudstone－dominant

sandstone－mudstone　alternation．　Thin　layers　of　an・

desitic　and　partly　dacitic　pyroclastics　are　intercalated，

which　tend　to　coarsen　and　thicken　toward　Mt．　Mushi・

kura　in　the　central　Takafu－Orihashi　Subzone．

b）Middle　Shigarami　Formation

　　　　The　middle　Shigarami　Formation　is　composed

of　the　Arakurayama　and　the　Hirose　Member．The　form・

er　is　characterized　by　a　thick　series　of　andesitic　lavas

and　pyroclastics，　whereas　the　latter　by　a　mudstone－

dominant　faciesi　They　interfinger　with　each　other　in

the　Hikagei．Takafu・Orihashi　Subzones　and　a　part　of

the　Komiji　Subzone．　．・
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FIG．12．　Geological　map　of　the　Shigarami　area（after
　　　　　　　Yano，1981b）．

　　　　　　　1：Tanokashira　gravel　bed，2：Shimizu　sand　and

　　　　　　　silt　bed，3：Iizunayama　pyroclastic　Member，4：

　　　　　　　UpPer　Sarumaru　sandstone　and　conglomerate

　　　　　　　Member，5：L、ower　Sarumaru　conglomerate
　　　　　　　and　sandstone　Member，6：0gikubo　sandstone

　　　　　　　and　mudstone　Member，7－15i　Arakurayama
　　　　　　　pyroclastic　Member，7：hornblende－hypersthene－

　　　　　　　augite　andesite，8：’hypersthene－augite　andesite，

　　　　　　　9：hornblende　andesite，　10：augite－hornblende

　　　　　　　andesite，11：hypersthθne－augite－hornblende

　　　　　　　andesite，12：hypersthene－hornblende鱒augite

　　　　　　　andesite，13：hypersthene－bearing　augite　andes・

　　　　　　　ite，14：auglte　andesite　and　olivine7augite　andes・

　　　　　　　ite，15：accessory　tuff　breccia，16：Hirose　mud・

　　　　　　　stone　Meniber，17：Takafu　mudstone　Member，

　　　　　　　18：Gonda　conglomerate　and　sandstone　Mem・

　　　　　　　ber，19：Sakainomiya　sandstone　and　mudstone

　　　　　　　Member，20：Susobana　tuff　Member，21：Senmi

　　　　　　　sandstone　andmudstone　Member，22：Nishi・

　　　　　　　kyo　m血dstone　Member，23：welded　tuff，24：
　　　　　　　acid　tuff，25：andesitic　pyroclastics，26－32：intru－

　　　　　　　sive　rocks，26：hornblende　andesite，27：hyper－

　　　　　　　sthene－or　augite・bearing　hornblende　andesite，

　　　　　　　28：hypersthene・augite・hornblende　andesite，29：

　　　　　　　01ivine・augite　andesito　and　hypersthene－augito

　　　　　　　andesite，30：augite　andesite，31：hypersthone・

　　　　　　　augito　andesite，32：hornblende－hypersthene・

　　　　　　　augite　porphyrite；33：strike　and　dip　of　bedding

　　　　　　　plane，34：strike　and　dip　of　platy　joint，35：fold

　　　　　　　axis，36：fault，37：0ver。thrust，38：geonorpho・

　　　　　　　10gical　contour　line．
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　　Arakurayama　Member
　　　　The　volcanic　bodies　of　the　Arakurayama　Mem・

ber　are　distributed　not　only　in　the　Minochi　Subsidence

Zone，　but　also　in　the　Central　Uplift　Zone，　forming　the

Shigarami　Volcanics　Chain　in　N・S　direction　oblique

to　the　general　trend　of　the　Green　Tuff　Basin　in　the

northem　Fossa　Magna　region（Fig．4）．　Each　of　the

volcanic　bodies　is　named　from　north　to　south　the

Togakushi　Pyroclastic，　the　Arakurayama　Pyroclastic，

the　Hijiriyama　Andesite，　the　Maruyama　Andesite　and

the　Akashibuzawa　Volcanic　Member（Yagi　and　Yagi，

1958；Takeshita　et　al。，1960；Morishita　et　al．，1957；

Mizuno，1976；Ishida　and　Utsukushigahara　C．　R．　G．，

1977）．The　whole　of　the　Togakushi　Member，　the　lower

half　and　the　marginal　part　of　the　upper　half　of　the

Arakurayama　Member　consist　of　submarine　volcanic

products，　and　also　the　northwestern　margin　of　the

Hiliriyama　Member　exhibits　subaqueous　nature．　All
of　the　remainings，　i．e．，　the　central　part　of　upper　half

of　the　Arakurayama　Member，　the　most　part　of　the

Hijiriyama　Member，and　the　Maruyama　and　Akashibu－

zawa　Members，　are　characterized　by　volcanics　of
subaerial　facies．

　　　　　Apartial　unconformity　is　recognized　at　the　base

of　the　volcanic　bodies．　The　denudation　of　sediments

during　the　period　represented　by　this　unconformity

tends　to　become　more　serious　from　north　to　south．

The　Togakushi　Member　covers　the　strata　from　Lower

Shigarami　to　Upper　Aoki　Formation　on　its　northwest－

ern　margin　with　an　unconformity，　but　in　other　areas

it　covers　the　Lower　Shigarami　Formation　with　a　con・

formity．　The　Arakurayama　Member　unconformably
overlies　the　Lower　Shigarami　to　Upper　Aoki　Forma－

tion　in　its　central　to　nQrthwestern　part，　but　a　con－

formable　relationship　is　presumed　in　the　eastern　part

（Fig．12）．　The　thickness　of　eroded　strata　is　estimated

to　attain　a　maximum　of　more　than　1800m　at　the　north・

ern　end．　The　Hijiriyama　Member　covers　the　Low－

er　Shigarami　to　Lower　Ogawa　Formation　entirely
with　an　unconformity，　cutting　off　the　fairly　tilted

pyroclastic　units　of　the　Susobana　Tuff　Member　on　its

eastern　margin（Fig．10）．　The　Maruyama　Member

rcsts　unconformably　upon　the　Lower　Ogawa　Forma・

tion　and　the　Akashibuzawa　Member　also　upon　the

Ogawa　and　Uchimura　Formations　and　the　quartz　dio－
rite．

　　Hirose　Member

　　　　　The　Hirose　Member　consists　of　mudstone　and

mudstone－dominant　sandstone－mudstone　alternation
in　the　Hikage　Subzone，　monotonous　mudstone　in　the

Takafu。Orihashi　Subzone，　mudstone，　sandstone　and

conglomerate　in　the　Komiji　Subzone．　Thin　lenses　of

pyroclastic　rock　are　contained　near　the　Arakurayama

Member．
　　　　　The　Middle　Shigarami　Formation　tends　to　thick－

en　toward　the　centers　of　volcanic　bodies　in　the　Hikage

and　Takafu。Orihashi　Subzones；the　muximum　thick－

ness　is　more　than　1900m　in　the　northeast　of　Mt．

Mushikura．
c）UpPer　Shigarami　Formation

　　　　　The　Upper　Shigarami　Formation　is　represented

by　the　Ogikubo　Mudstone　Member，　and　is　distributed

in　the　northeastern　Takafu－Orihashi　Subzone　and　the

Hikage　Subzone．　It　consists　mostly　of　arenaceous　mud－

stone　and　partly　of　contemporaneous　coarse－grained

clastics　such　as　conglomerate　and　sandstone．　Seams

of　andesitic　pyroclastics　and　pumice　tuff　are　occa－

sionally　intercalated．　The　formation　overlies　the

Middle　Shigarami　Formation　with　a　conformity　for

the　most　part，　but　an　unconformity　is　observed　near

the　centers　of　volcanic　bodies　of　the　Arakurayama

Member．　The　Togakushi　Pyroclastic　Member　on　the

northwestern　slope　of　Peaks　of　Togakushi　and　the　ma。

jor　part　of　the　Arakurayama　Pyroclastic　Member　are

unconformably　overlain　by　the　coarse．grained　clastics

of　the　Upper　Shigarami　Formation（Shibata　et　al．，

1976；Yano　and　Murayama，1976；Yano，1981a）．　The

basal　conglomerate　contains　abundant　subangular　to

rounded　boulders　and　cobbles　of　andesite（7min　max－

imum　diameter）derived　from　the　underlying　volcanic

bodies．

　　　　The　Upper　Shigarami　Formation　attains　1500m

in　maximum　thickness　at　the　northwestern　end　of
Hikage　Subzone．　In　each　subzone，　it　tends　to　thicken

northwestward　and　conversely　to　thin　southeastward，

pinching　out　at　the　northeastern　ends．

　　　　The　Shigarami　Formation　is，　as　a　whole，　charac－

terized　by　the　predominance　of　mudstone，　though　a

large　amount　of　sandstone　and　conglomerate　develops

in　the　lower　part　of　the　southern　area．　The　several

largo　andesitic　volcanic　bodies　arranged　in　N－S　direc－

tion　in　the　middle　part　are　also　characteristic　of　the

formation．

6．Sαrumαru」Formation

　　　　The　Sarumaru　Formation　in　a　wide　sense　is　com－

posed　of　coarse－grained　clastic　facies　and　volcanic　one．

The　former　is　represented　by　the　Sarumaru　Formation

in　a　narrow　sense　and　the　latter　by　the　Komoro

Group　and　the　Enrei　Formation．

a）Sarumaru　Formation（s．s．）

　　　　The　Sarumaru　Formation（s．s．）consists　mainly

of　sandstone　and　conglomerate，　accompanied　with
grecnish－colored　mudstone　in　the　upper　part．　Layers

of　acid　tuff　are　also　intercalated．

　　　　In　the　northeastern　part　of　the　Takafu．Orihashi

Subzone，　this　formation　overlies　conformably　the

Ogikubo　Member　of　the　Shigarami　Formation，　and

exceptionally　overlaps　the　Arakurayama　Pyroclastic

Member　on　the　northeast　of　Mt．　Mushikura　as　we11

as　the　Susobana　Tuff　Member　at　the　northeastern
end　of　the　subzone．　It　is　subdivided　into　two　confor－

mable　members　of　the　Lower　Sarumaru　Conglomerate

Sandstone　Member　and　the　Upper　Sarumaru　Sand－

stone　Conglomerate　Member．　The　Lower　Sarumaru
Member　consists　of　fine－to　coarse・grained　sandstone，

conglomeratic　sandstone　and　pebble　conglomerate，　ac－

companied　with　mudstone　and　acid　tuff，　tending　to

coarsen　upward．　The　Upper　Sarumaru　Member　exhib－

its　a　very　coarse　lithofacies，　consisting　mainly　of

pebblo　to　cobble　conglomerate，accompanied　with　fino－

to　coarse－grained　sandstone，　greenish－colored　mud－
stone　and　acid　tuff（partially　welded）．　Seams　of　Iig－

nite　are　intercalated　in　the　both　members．

　　　　　In　the　Hikage　Subzone　the　formation　displays　a

little　finer　Iithofacies　than　in　the　Takafu．Orihashi

Subzone，　and　conformably　overlies　the　Ogikubo　Mem・

ber，　though　a　local　overlapPing　relationship　to　the

Togakushi　Pyroclastic　Member　is　observed　at　the
northeastern　end．

　　　　　In　the　Komiji　Subzone　the　formation　covers　the

Hijiriyama　Andesite　Member　with　an　unconformity，
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and　consists　of　pebble　to　cobble　（occasionally　bou1－

der）conglomerate，　accompanied　with　fine・to　coarse－

grained　sandstone，　greenish－colored　mudstone　and　acid

tuff（rarely　welded）．　It　is　noticeable　that　conglomer．

ate　in　the　upper　part　of　this　formation　exhibits　an　ap－

pearance　of　decayed　gravel　bed．　On　the　northeast　of

Nagano，　incidentially，　the　present　formation　is　buried

under　the　Nagano　Basin，　and　in　the　Toyono　SK－1　and

R－2exploitative　wells　it　rests　directly　upon　the　Suso－

bana　Tuff　Member（Ijima，1960）．

　　　　Around　and　under　the　Shioda　Basin　to　the　south．

west　of　Ueda，　the　formation　overlies　unconformably

the　Uchimura，　Bessho　and　Aoki　Formations，　and　con．

sists　of　conglomerate，　mudstone　and　sandstone，　inter－

calated　with　layers　of　pumice　tuff　and　peat（lijima

et　al．，1969）．　It　froms　a　basinal　structure　with　a　dip

angle　gentler　than　15°，which　is　concordant　with　the

configuration　of　the　Shioda　Basin・

　　　　The　thickness　of　the　Sarumaru　Formation（s．s．）

attains　a　maximum　of　more　than　16001n　in　the　north。

eastern　part　of　the　Hikage　Subzone，　and　tends　to　de．

crease　toward　the　south－southeast，　being　only　130　m

under　the　Shioda　Basin．

b）Komoro　Group，　Enrei　Formation
　　　　The　Komoro　Group　and　the　Enrei　Formation，rep．

resenting　the　volcanic　facies　of　the　Sarumaru　Forma．

tion（s．1．），　are　distributed　in　the　Komoro　and　Enrei

Volcano，Tectonic　Depressions　on　the　eastern　and

southwestern　sides　of　the　Utsukushigahara　Dome，

respectively．

　　　　According　to　Northern　Fossa　Magna　R．　G．　and

Chikumagawa　C．　R．　G．（1976），　both　of　the　Komoro

Group　and　the　Enrei　Formation　exhibit　a　similar　stra－

tigraphic　succession，　consisting　of　fine－　to　coarse－

grained　clastics，　basic　to　intermediate　pyroclastics

partly　of　subaqueous　origin　and‘‘Flat　Lava”（subaerial

andesitic　lava　flows　spreaded　out　over　a　depositional

surface　of　underlying　strata　or　a　primary　peneplain）

in　ascending　order．　The　Komoro　Group　rests　uncon－

formably　upon　and　partly　abuts　westward　to　the　Uchi．

mura　Formation，　whereas　the　Enrei　Formation　covers

the　Uchimura　Formation，　the　quartz　diorite　and　the

Kotakiyama　Facies　of　Ogawa　Formation　with　an
obvious　unconformity．　The　thickness　is　estimated　to

be　more　than　610m（lijima，1962）in　the　Komoro
Group　and　850m（Momose　et　al．，1959）in　the　Enrei

Formation．
　　　　　In　the　Shiga　Dome　area，　are　distributed　the　Takai

and　the　Hirao　volcanic　rocks，　the　latter　being　uncon－

formably　underlain　by　the　former　and　both　covering

the　Uchimura　and　Bessho　Formations　and　the　quartz

diorite　with　a　distinct　unconformity（Akahane，1976）．

The　Takai　Volcanic　Rocks，300　to　400m　thick，　consist

mostly　of　glassy　andesite　lava　showing　a　nature　of
“ Flat　Lava”．Prismatic　joints　develop　well　in　the

lava，　and　the　rocks　have　been　partly　subjected　to　a

remarkable　hydrothermal　alteration．　The　Hirao　Volca－

nic　Rocks，　about　200m　thick，　consist　of　alternation

of　lava　and　pyroclastics　of　fresh　andesite．　Platy　joints

develop　in　the　Iava．

　　　　　In　the　northern　part　of　the　Komoro　Depression，

ineidentally，　the　Tateshina　Decayed　Gravel　Bed　covers

the　Komoro　Group　with　an　unconformity，　and　the
equivalent　gravel　bed　overlies　unconformably　the　Old－

er　Josho　Lacustrine　Member　in　the　Shioda　Basin．　It

is　noteworthy　that　the　depositional　surface　of　these

gravel　beds　has　been　preserved　without　a　severe　dis－

turbance　until　the　present．

　　　　On　the　whole，　the　Sarumaru　Formation　is　com－

posed　of　coarse－grained　sediments　comparable　to　the

top　conglomerate　of　the　Miocene　to　Early　Pleistocene

sequence　in　the　Minochi　Subsidence　Zone，　and　of　vo1。

canics　erupted　mostly　in　the　volcano－tectonic　depres－

sions　superimposed　obliquely　and　transversely　upon

the　Central　Uplift　Zone．

Z　Omine　Group
　　　　The　equivalent　of　the　Shigarami　and　Sarumaru

Formations　distributed　in　the　Omine　Depression　are

provisiona11y　named　the　Omine　Group　in　this　paper．

According　to　Kosaka（1980）and　Kosaka　and　Arai
（1982），the　group　is　divided　into　three　formations，　i．e．，

tbe　Minamiotari，　the　Miasa　and　the　Omine　Formation

in　ascending　order．　These　formations　are　arranged

from　north　to　south，　and　are　party　in　fault　contact

with　each　other．

　　　　The　Minamiotari　Formation　is　composed　of　the

lower　mudstone　and　sandstone，　the　middle　conglom・

erate　and　the　upper　thick　andesite　member．　The　Miasa

Formation　is　made　up　of　mudstone　and　conglomerate
in　the　lower　and　middle　parts　and　acid　tuff（partly

welded）in　the　upper　part．　The　Omine　Formation　con－

sists　of　i11－sorted　cobble　to　boulder　conglomerate　and

acid　tuff（mostly　welded）．

　　　　The　total　thickness　is　estimated　to　be　over　6250

m．The　base　is　not　exposed　except　on　the　eastern　foot

of　the　Hida　Mountain　Range，　where　the　small　rem－

nants　of　the　group　rest　unconformably　upon　the　sur－

pentinite　and　the　Late　Cretaceous　to　Paleogene　acid

volcanics．

8．Toツono　Formation
　　　　The　Toyono　Formation　is　divided　into　the　Iizuna－

yama　Pyroclastic　Member，　the　Sakaguchi　Lacustrine

Member，　and　the　Nashinoki　Loam　or　the　Lower　Oma－

chi　Tephra．　Key　beds　of　crystal　ash　named　C1，　C2　and

C3　are　intercalated　in　the　loam　or　the　tephra（Matsu・

moto　Basin　C．　R．　G．，1977）．　The　detailed　correlation

among　these　strata　has　not　yet　been　c1arified；

　　　　The　formation　rests　upon　the　underlying　folded

strata　in　the　Central　Uplift　Zone，　the　Minochi　Subsi－

dence　Zone　and　the　Omine　Depression　with　a　marked

clino・unconformity，　and　upon　the　nearly　flat　strata　in

the　Komoro　Depression　with　a　parallel　unconformity．

In　the　Nagano　basin，　however，　it　conformably　overlies

the　uppermost　horizon　of　the　Sarumaru　Formation，

and　is　remarkably　deformed　by　the　Tago，　Kaesa　and

Nagaoka　Faults　on　the　northwestern　margin　of　the
basin（Toyono　C．　R．　G．，1977）．

9．Intrusive　ROCたs

　　　　The　thick　strata　in　the　northern　Fossa　Magna

are　subjected　to　the　multi－phased　intrusions　of　quartz

diorite，　porphyrite　and　volcanic　rocks．　The　features

of　these　intrusive　rocks　are　summerized　as　fo110ws．

a）Quartz　Diorite

　　　　The　exposures　of　quartz　diorite　are　restricted

within　the　Central　Uplift　Zone．　Furthermore，　aU　the

plutonic　bodies　except　a　small　one　on　the　northeastern

margin　of　the　Tochiku　Half　Basin　occur　in　the　Utsu。

kushigahara　and　Shiga　Domes．　As　stated　in　the　preced－

ing　paragraph，　the　Kotakiyama　Facies　of　the　Ogawa
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Formation　covers　the　underlying　quartz　diorite　with

an　unconformity　and　is　intruded　by　the　younger　quartz

diorite　on　the　southeast　of　Matsumoto．　Consequently，

the　intrusion　of　quartz　diorite　is　classified　into’the

two　stages，　i．e．，　pre－and　post－Kotakiyama　stages．

　　　　Quartz　Diorite－1：This　is　represented　by　the

quartz　diorite　body　covered　unconformably　by　the　Ko－

takiyama　Facies・of　the　Ogawa　Formation．　Although

thore　are　many　other　bodies　whose　relationship　with

the　Ogawa　Formation　is　unknown，　they　are　tentatively

included　in　Quartz　Diorite・I　because　of　the　similarity

in　occurence　and　lithology．　They　tend　to　occur　as　stocks

（the　largest　being幽about　12km　across），　and　to　be　em・

placed　into　the　Lower　Uchimura　Formation　concentra・

tedly　in　the　central　part　of　the　Utsukushigahara　Dome

and　into　the　Uchimura　to　Bessho　Formation　as　cores

of　several　subdomes　in　the　Shiga　Dome　area．　Accord。

ing　to　Utada（1973），　the　facies　of　Quartz　Diorite－Iis

variable　even　within　a　body．　It　changes　from　quartz

diorite　to　granite，　accompanied　with　porphyrite，　ande・

site，rhyolite，occasionally　dolerite　and　basalt　as　a　mar－

ginal　facies，　and　rarely　with　aplito　and　pegmatite　in

the　central　portion．　The　contact－metamorphic　effect

around　the　bodies　attains　to冒amphibolite　facies　espe－

cially　on　their　southeastern　side　with　several　to　several

ten　meters　in　width，　and　displays　an　unique　nature　to

chango　into　diagenesis　or　burial　metamo叩hism　with

out　a　clear　boundary．

　　　　Quartz　Diorite－H：This　is　represented　by　two

small　bodies　intruding　into　the　Ogawa　Formation　on

tho　southeast　of　Matsumoto　and　the　northeastern
margin　of　the　Tochiku　Half　Basin．　It　consists　of　diorite

to　quartz　diorite　with　marginal　facies　of　porphyrito

and　diabase，　and　has　a　contact　metamorphic　effect
on　the　country　rocks（Utsukushigahara　C．　R．　G．，1977；

Kato，1980）．

b）Porphyrite

　　　　Porphyrite　intrusions　are　classified　into　three

stages　according　to　the　stratigraphic　situation　of

country　rocks．

　　　　Porphyrito・1：　Porphyrite＿Iintrudes　as　dikes，

sheets　and　phacoliths　into　the　Uchimura　to　Lower　O．

gawa　Formations　in　the　western　part　of　the　Central

Uplift　Zone，　especially　in　the　Tochiku　Half　Basin．　It

may　possibly　show　a　malti。phased　intrusion　because

of　the　variation　in　lithology，　but　no　available　data　i忌

obtained．　Porphyrite・I　is　occasionally　subjected　to

hydrothermal　alteration　such　as　silicification，chloriti－

zation　and　pyritization．

　　　　　Porphyrite・　ll：　Porphyrite．H　is　represented

by　two　or　three　small　bodies　intruding　into　the　central

portion　of　the　Arakurayama　Pyroclastic　Mmeber　in
the　Takafu。Orihashi　Subzone．　It　exerts　a　hydrothermal

alteration　on　the　country　rocks　and　even　on　part　of

the　Ogikubo　Mudstone　Member　which　overlies　the

Arakurayama　Member　with　an　unconformity（Yano，
1981a）．

　　　　　Porphyrite　一皿：Around　Mt．　Takatsuma　at　the

northeastern　end　of　the　Hikage　Subzone，　the　Middle

Shigarami　．to　Sarumaru　Formations　are　intruded　by
sheets，　dikes　and　stocks（the　largest　being　6kn　across）

of　Porphyrite一皿L　The　surrounding　rocks　are　subjected

to　contact　metamorphism（Shibata　et　al．，1976）．

c）Volcanic　rocks

　　　　　The　volcanic　rocks　occur　as　dikes　and　sheets　in

various　areas，，　and　are　classified　into　the　following

three　or　four　groups．

　　　　Basalt　and　Dolerite：In　the　Utsukushigahara　and

Shiga　Domes，　dikes　and　sheets　of　basalt，　dolerite　and

locally　diabase　intrude　into　the，Kokuzo　Member　of

the　Uchimura　Formation．　The　rocks　are　subjected　to

hydrothermal　alteration（Uchimura　C．　R．　G．，1953；

Ota　and　Katada，1955；Inaba，1959；Yamagishi，1964）．

　　　　Dacite：At　the　southern　foot　of　Mt．　Hijiri，　lacco－

1ith－1ike　dacite　is　exposed　with　an　extent　of　1．8×0．9

km，　intruding　into　the　Sanseiji　Member　of　the　Lower

Ogawa　Formation（Kato，1980）．　　　　’

　　　　Andesite：Dikes　and　sheets　of　andesite　intrude

into　the　volcanic　bodies　of　the　Middle　Shigarami　For・

mation　and　the　surrounding　strata．　Especially　at　the

southwestern　end　of　the　Tochiku　Half　Basin，　non－al－

tered　andesite　similar　in　lithology　to　the　Maruyama

Andesite　Member　intrudes　into　the　Bessho　to　Lower

Ogawa　Formation　as　dikes　orientated　in　NW．　SE　and

WNW－ESE　directions　and　as　sheets（Fig．8）．　On　the

other　hand，　the　volcanic　facies　of　the　Sarumaru　For。

mation（s．1．）is　intruded　by　andesitic　dike　swarm　of

NW．　SE　direction　extensively　in　the　southern　Komoro

and　the　Enrei　Depression（Northern　Fossa　Magna　R．

G．and　Chikumagawa　C．　R．　G．，1976）．

W．GEoLoGlcAL　STRucTuRE

　　　　The　upper　Cenozoic　systems　in　the　Green　Tuff

Basin　of　the　northern　Fossa　Magna　are　complicatedly

deformed　and　moderately　shrank．　On　the　whole，　the

strata　construct　an　anticlinorium　in　the　Central　Uplift

Zono　and　a　synclinorium　in　the　Minochi　Subsidence

Zone，　both　being　Partly　destroyed　by　block－faulting

which　was　responsible　for　the　formation　of　volcaho・

tectonic　depressions．　Such　structural　features　of　the

northern　Fossa　Magna　are　produced　by　an　associa－

tion　of　the　following　structural　elements（Fig．13）．

A．Foms
　　　　Folds　of　thick　strata　in　the　northern　Fossa　Mag・

na　region　are　markedly　complex，　but　are　classified

into　the　six　types，　Type－A　to　Type・F（Table　1）accord－

ing　to　their　structural　properties．

1．TNpe－A

　　　　The　two　Iarge－scalo　domes（strictly　speaking，

doubly　plunging　anticlines），　Utsukushigahara　and　Shi－

ga　Domes，　belong　to　the　Type－A　fold．　They　construct

tho　major　structure　of　the　Contral　Uplift　Zono，　boing

arranged　longitudinally　but　somewhat　in　en　6　chelon

fashion　of　left＿hand．

　　　　The　Utsukushigahara　Dome　is　a　large－scale　dou－

bly　plunging　fold　of　60kU　in　axial　length　and　30km　in

half　wavelength，　though　some　short・axis　folds　de－

velop　in　the　clastic　sediments　of　the　Uchimura　Forma・

tion　on　its　northwestern　flank．　The　axial　direction

is　NNE・SSW．　The　strata　on　the　flank　have　the　average

dip・angle　of　ca．30°．　But　they　are　more　steeply　dip。

ing　on　the　eastern　margin　than　on　the　western　one，

giving　the　dome　an　asymmetry．　The　stocks　of　Quartz

Diorite－I　tend　to　assemble　in　the　central　portion　of　the

dome．　At　the　apex　of　the　dome，　the　Kotakiyama　Col・

1apse　Basin　is　formed　in　unconformable　contact　with

the　underlying　Quartz　Diorite－1，　Lower　Uchimura　For一
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FIG．13．　Structural　map　of　the　northern　Fossa　Magna　region．
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TABLE　1．　CLAsslFlcATIoN　oF　FoLDs江N　THE　NoRTHERN
　　　　　　　FossA　MAGNA　REGIoN．
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：u帆oy●吊4　　　　　S・

A。5　Ant土c1εn●，　S・3　Sync乳些n●

mation　and　Yokokawagawa　Metamorphic　Rocks（U－
tsukushigahara　C．　R．　G．，1977）．　The　collapse　basin

shapes　a　quadrangle　elongated　in　the　NNE・SSW　direc・

tion，　and　is　6×12㎞in　extent，　more　than　1．3㎞in

depth．　Tho　southwestern　half　and　eastern　margin　of

the　Utsukushigahara　Dome　are　fairly　disturbed　by　the

superposition　of　the　volcano・tectonic　depressions，　En。

rei　and　Komoro　Depressions　generated　in　later　stage．

　　　　The　Shiga　Dome　trending　in　the　NE－SW　direction

over　45㎞in　length　is　a　culmination　consisting　of

five　smaller－scale　subdomes　which　are　of　ten　and　sev－

eral　kilometers　in　axial　length．　The　strata　on　the　flank

of　the　dome　have　the　dip。angle　ranging　from　20　to　4（）°，

steeply　dipPing　to　5000r　6500n　the　southeastern

margin　and　hence　giving　its　an　asymmetry．　The　four

stocks　of　Quartz　Diorite。　I　are　exposed　extensively　as

the　cores　of　subdomes．　A　few　of　the　transverse　faults，

represented　by　the　Chikumagawa　Fault，　disturb　and

truncate　the　southwestern　end　of　the　Shiga　Dome．

　　　　The　western　half　of　the　saddle・1ike　depression

between　the　above・mentioned　culminations，　Utsukushi

gahara　and　Shiga　Domes，　corresponds　to　the　Tochiku

Half　Basin　plunging　gently　towards　the　west－north－

west．　The　half　basin　is　modified　by　the　development

of　the　Type．B　folds　and　the　faults　of　System　L－1b

mentioned　later．

2．Type－B
　　　　The　Type・B　folds　are　of　gentle　to　open　form　and

develop　in　the　Bessho　and　Aoki　Fomations　and　also

in　a　part　of　the　Uchimura　and　Ogawa　Formations　in

the　Tochiku　Half　Basin．　Their　axial　lengthes　are　com－

monly　relatively　short，　being　about　2　to　14km　long．　Al－

though　the　axial　trends　are　NE－SW　on　the　whole，

they　tend　to　be　markedly　curved　being　convex　to　the

west－northwest．　The　half　wavelengthes　are　20r　3㎞．

For　the　neighboring　pairs　of　anticlines　and　synclines，

the　fold　axes　contact　with　each　other　at　their　ends，

resulting　in　disappearance　of　fold　form．　On　the　north－

western　flank　of　the　Utsukushigahara　Dome，　such　dis。

appearance　surface　of　fold　forms　corresponds　approx－

imately　with　the　interface　between　the　Uchimura　and

the　Bessho　Formation．　While　the　Type－B　folds　are

generally　of　upright　type，　the　two　anticlines，　i．e．，　the

southwestern　half　of　Nishikibe　Anticline　and　the　Ina。

kura　Anticline　situated　near　the　southwestern　end　of

the　Tochiku　Half　Basin　exhibit　northwestward　ver．

gence．　The　Inakura　Anticline　exceptionally　involves

the　Uchimura　Formation．
　　　　Thus，　it　is　pointed　out　that　the　Type－B　folds　are

characterized　by　the　curvilinear　axes　convex　to　the

northwest，　the　upright　axial　surfaces　though　rarely

steeply　to　moderately　inclined　toward　the　southeast，

and　the　development　of　detachment　zone　placed　near

the　boundary　surface　between　the　Bessho　and　the　Uchi．

mura　Formation．

3．Type－C

　　　　The　Type・C　folds　comprise　two　large－scale　anti．

clines，　Saikawa　and　Nishikyo　Anticlines，　which　develop

as　such　leading　structures　that　subdivide　the　Minochi

Subsidence　Zone　into　three　subzones，　Komiji，　Takafu－

Orihashi　and　Hikage　Subzones．　The　anticlines　are　of

close　form　and　are　asymmetric　folds　with　axial　sur－

faces　inclined　to　the　northwest　in　the　angles　mnging

from　50　to　80°．　Their　axial　zones　change　into　the

thrust　faults　of　System　L・1a．　The　dip　separations　along

such　thrusts　are　generally　estimated　to　be　less　than　1

㎞．An　exceptionally　large　value，　attaining　to　5．5km

in　maximum，　is　measured　along　the　overthrust　chang－

ed　from　the　mortheastern　part　of　the　Nishikyo　Anti・

cline．　Although　the　southwestern　extensions　of　Saika－

wa　and　Nishikyo　Anticlines　are　cut　off・by　the　faults

of　System　L－2，　their　axial　lengthes　are　estimated　to

have　been　initially　more　than　50km　and　22km，　respec・

tively．

　　　　It　is　noticeable　that　the　thickness　of　tho　strata

involved　in　the　Minochi　Subsidence　Zone　abruptly
changes　beyond　the　axial　surfaces　of　Type・C　folds．　As

discussed　later，　such　phenomena　may　indicato　for　the

Type－C　folds　to　have　appeared　as　septa　between　the

sedimentary　basins　with　differential　subsidences　dur・

ing　sedimentation．

4．Type－D

　　　　Most　of　folds　in　the　three　subzones　of　Minochi

Subsidence　Zone　are　grouped　into　the　Type－D，　except

for　subsidiary　Type－E　folds．　The　styles　and　sizes　of

tho　folds　of　this　type　are　fairly　variable．　They　are　of

open　to　tight　form，　and　change　from　upright　type　to

moderately　inclined　typo　with　axial　surfaces　dipping

to　the　northwest．　The　axial　lengthes　are　ranging　from

1．5to　40㎞．

　　　　The　Type－D　folds　are　complicatedly　arranged　in

the　Minochi　Subsidence　Zone．　In　the　Komiji　Subzone，

many　folds　of　this　type　run　parallel　or　subparallel　to

each　other．　But　the　axes　often　converge　with　the　nei－

boring　ones　at　their　ends．　The　three　Iarge・scale　folds

（Komiji　Syncline，　Noma　Anticline　and　Aida　Syncline）

and　the　associated　smaller・scale　folds　developed　with

in　the　Bessho　and　Lower　Aoki　Formations　are　bundled

into　only　one　syncline　at　the　southern　end　of　this　sub－

zone．　Most　of　Type－D　folds　in　the　Komiji　Subzone　ex－

hibit　the　closed　to　tight　forms，　showing　that　the　stra一



Late　Cenozoic　Geohistory　in　the　Northern　Fossa　Magna　Region 99

ta　in　Ulis　subzo鷺e　hav¢bee職shortened　to　a　fairly　ex・

tent．　In　the　middle　part　of　the　Komili　Sub鑓one，　the

Hiliriyama　Andesite　Member　shows　exceptionaUy　a
籠ear蓋y　flat・1ying　StruCtUre．職e　strata　On　the　westem

＄ide　of　the　Hijiriyama　Member，　however，　have　been

striki無9玉y　shrank，　for蒲三ng　the　over加med　N◎揃a　A獄t圭一

¢1ine　and　the　fan－shaped　Komiji　Syncline．　Consequent．

ly，　th酬gh　th圭S紬Z。職¢伽wh◎1e　shτ三敏age◇f　stどata

is　not　much　different　but　settled　in　an　extent　of　25　to

3◎％．1t　is獄otice曲le　that塊60v6就慧燃ed　N◇瀟a　A簸ti－

cline　on　the　westernside　of　Hijiriyama　Ande＄ite　Mem．

ber　has益0曲w¢stwa驚d　verge＝ee，　whま¢hs◎嚢1y㈱

exceptional　attitude　of　axial　surfaces　of　the　Typ⑧一D

f◎！ds（c。㎜。吻v§rtical◎獄with　s◎＝theastward・ver・

gence）．

　　　　The　three　Sy総¢1i滋es　i轟the　Takafu－0τih8shi　s疑b－

xone（Takafu，　Orihashi，　Kitago　Synclines）are　arrang．

ed　i羅a窺もch3！o轟議薫ke　fashio臓of　r三ght－ha羅d．　Tbey　co職一

monly　are　of　open　form　except　for　close　one　in　the

southernmost　part　of　Taka舳Sy織cli羅e．　The　attitudes

of　their　axial　surface　are　dominant玉y　vertical　and

partly　inclined　to　the　northwest．

　　　　The　Type－D　of　the　Hikage　Subzone　is　the　Hikage

Syncline　which　is　its　malor　fold．　It　is　of　ope駄form　in

伽n◎r伽mand　midd！epaτもsa織d◎f　dose　o総e　i籍the
soUth㊧rn．

　　　　！tc餓besa三d鋤at　theType－D　foユdsaτaagr◎縫ρ

of　folds　which　forms　the　synclinorium　or　major　3yn．

c1圭登e　of　i籍曲id慧aユs縫bzo獄e　of　the　M圭無◇ch圭S疑bs圭d¢聯

Zone，　and　are　their　parasti◎folds．　Their　morphologi－

cal　fe臓雛es　aτe　ch鍵acteτi2ed　byゆτight轟ess　to難◎欝th。

westward　inclination　of　axial　surfaces　and　by　a　tend・

¢！｝cy　f◎r　c◇mplexity　of　str疑ct疑ral　arraRgement　蕊羅d

asymmetry　to　decrease　northwestwards．　It　i8　notice。

able伽at　the　stτa，ta　i籍the　Ko瓢ij三S縫bzo獄e　aτe　especia1－

1y　strongly　folded．1
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5．Type－E
　　　　饗he　Type－E　folds　are簸i箆e　pairs　of　sy裁c1圭ne　a轟d

anticline　of　sma11－scale　in　Minochi　Subsidence　Zone．

Five　pairs◎f　theln　are　formed　on翫¢northwestern

1imbs　of　the　major　synchnes　of　the　Takafu－Orihashi

and　Hikage　Subzones，　arranging　in　en　6　chelo11　fashion

。f玉eft－ha職d　a1◎ng　the　Otari・Nakayama　Fau三t．　One

pair　develops　on　the　northwestern　limb　of　the　Oriha．

shi　Syncline．　Tぬe　reπ｝ai轟i獄g　three　pa圭rs　are　for蹴ed　o！1

the　southeastem　limbs　of　the　major　synclines　of　the

three　S疑bzO識eS，　bei！｝g　C1◎Sely　C◎！職ected　W圭tぬthe　Cτ◎Ok－

ing　parts　of　the　faults　of　Systemレ1mentioned　later．

The　axes◎f　Typo－E　f◇1ds　co矯搬o認y　treRd　i登NNE－

SSW　to　NE－SW．　The　paired　folds　converge　either　at

o縫ea翼ial　e織d　or　at　b◎th　axia玉銚｝ds．

6．Type・－F

　　　　Two＄ynclines　in　the　Omine　Depression　are　clas。

sified　as　the　Type－】F　fo！ds．　They＆z・e◎f　ope織for箱臓。

Their　axes　trend　in　N－S　oblique　to　the　general　trend

◎fGree！玉丁縫ff　Bas圭塗，簾d　p1騰ge！iealy　t◎the　s◎讐th．

B．FAULTS

　　　　Many　faults　of　various　attitudes　and　sizes・are

formed　in　the　northem　Fossa　Magm　region．　They　are

classified　into　three　types，　longitudinal，　transverse

and　ob玉ique　fau玉ts，◎職the　basis　of　their◎rientat三〇ns

relative　to　the　geneml　trend　of　Green　Tuff　Basin（Ta．

ble　2）．

s。2『揺壁韮t

1．Loπ8ぬ㎡伽z／b臨s
　　　　The　l。籍9三t穫d圭捻a！f認tsゼwh。se　strikes　are　paral－

1el　with　the　general　trend　of　Green　Tuff　Basin，　are　sub－

d三vided　i捻t◎theもwo　syst¢矯S総CC。r曲g　t◇their・sekses

of　displacem¢nt．　T甑e　one　group　of　faults　along　which

th繍orthweste漁wans縫ρheave　i総c◎即ariSOk　with
the　southeast¢rn　ones　is　named　Systemレ1，　while　the

other　gr◎縫p　with　the　co1｝vers¢se轟se◎f　displa¢e滋e蕊t

is　System　L－2．

a）Syst｛妻鵬L附1

　　　　The　faults　of　Systemレ1　develop　in　the　Minochi

Subside簸ce　Zo総e　a籍d　the　Toch量k羅Ha王f　B縫si難，　a擁d◎簸

the　northwestem　margin　of　Nagano　Basin．’They　are

furthermere　div圭ded　int◎Systemレユa　a職d　System　L－

1b　with　reference　to　mode　of　occourence．

　　　　System　L－1a：The　Systemレ1a　faults　coπe－

spond　to　the　two　thrusts，　Saikawa　and　Nishikyo　Fault。

s，along　the　axial　surfacos　of　the　Type＿C　fold＄in　the

M三nochi　Subsidence　Z◎ne　which　have　been　described　in

the　preceding　section．　The　generation　of　System　L－1a

fa磁s　apPears　t。　be　closaly　c。籍駐ected　with捻e・gr◎w・

ing　process　of　the　Type－C　folds，　The　distributive　thru8t

fa犠！t　branch圭織9◎ff£r◎搬the瀟idd1e　part　of　the・Sa三。

kawa　Fault　is　also　classified　into　this　system．

　　　　Syste斑L－1b：Th¢fa讐！ts◎f　Syste澱L轡ユb　are

formed　in　the　northwestern　part　of　the　Tochiku　Half

Basi照難d　o嚢the飛戯hwestem髄τgi総of　N象gan。　Ba・

sin，・independent　of　the・Type－C　folds．　They　are　step

fa磁s嚢◇◎se1y　sρacod　a捻b◎讐t　2　to　3㎞圭㈱どva1s　as　a

whole，　and　arranged　in　an‘antithetic’attitude（in　the

w葦de　se捻se　af搬Mack三総（1960）that，　regardle＄s

the　direction　of　the　dip　of　the　faults，　their　throws

te糠d　to　be　o茎）P◎s量te　to蓼a駆d　もo　cou！通eract　the　effect

of，　the　dip　of　the　faulted　strata）　against　the　northの

westward・dipping　structures　of　Tochiku　Half　Basin
and　the　Shiga　Dome．　It　has　been　clarified　by　Toyono　C．

R．G．（1977）and　Kobayashi　and　Saito（1982）that，

on　the　northwestem　margin　of　Nagano　Basin，　tぬe
faults　of　this　system　had　cut　even　the　Middle　Pleisto・

Cene　TOyOnO　F。rmati◎轟Wi塩瀟arked　fa騰dragS．

b）Systemレ2
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　　　　The　Systemレ2　comprises　three　faults　branching

off　from　the　Otari・Nakayama　Fault　in　the　N－S　to　N

NE－SSW　direction．　Their　fault　planes　are　vertical　or

dip　southeastward　at　high　angle．　The　displacements

along　them　tend　to　decrease　abruptly　to　the　north　or

northeast，　resulting　in　extinctions　of　them．　The　faults

of　this　system　run　subparallel　to　the　Type－C　anti－

clines　and　the　thrusts　of　Systemレ1a，　and　trancate

obliquely　their　southwestward　extension．

sin　bounding　the　Matsumoto　Basin　from，the　Omine

Depression　and　the　Kashima－Manganji　Fault　linking
the　many　kern　kols．　Three　faults　of　middle－scale　fo零m・・

ed　in　the　northeastern．　part　of　the　Takafu．Orihashi

Subzone　belong　also　to　this　fault　system．・The　western

and　eastem　margins　of　the　Komoro　Depressign　are

also　controled　by　the　N－S　trending．faults　of　this　type

（Northern　Fossa　Magna　R．　G．　and　Chikumagawa　q．

R．G．，1976）．　　　　’．

2．Trαnseverse∫faults

　　　　The　transeverse　faults，　which　trend　nearly　per．

pendicular　to　the　general　trend　of　Green　Tuff　Basin，

are　subdivided　into　the　two　types　based　on　displacem・

ent　manners．　The　one　series　of　faults　with　the　obvious

horizontal　displacements　is　named　System　T－1，　while

the　other　series　is　System　T－2．

a）System　T－1

　　　　The　faults　of　System　T－1　aro　formed　on　the　west・

ern　side　of　nearly　flat　structure　of　the　Hijiriyama

Andesite　Member　in　the　Komiji　Subzone，　and　just　to

the　south　of　the　Arakurayama　Pyroclastic　Member．
The　faults　in　the　former　area　are　8hort　in　trace　length・

es，　and　transect　the　axial　traces。f　folds　and　the　near・

1y　vertical　strata　of　Komiji　Syncline　with　horizontal

separations．　They　are　grouped　into　the　two　sets　con．

sisting　of　severaUeft－lateral　faults　of　NNW－SSE　to

NW－SE　trend　and’one　right・lateral　fault　of　WNW－E

SE　trend，　probably　forming　a　conjugate　fault　system．

In　the　latter　area　the　axial　traco　of　Sumeragi　Anti・

cline　is　transposed　right・laterally　by　the　two　faults

of　this　system　trending　in　the　NW－SE　direction．

b）System　T－2

　　　　　The　System　T－2　faults，　i．e．，　the　transverse　faults

of　dip・slip　type　and　of　group　undetermined　slip－direc・

tion，　are　developed　all　over　the　region．　The　prominent

faults　of　this　system　are　the　Chikumagawa　Fault

bounding　the　Tochiku　Half　Basin　from　the　Shiga　Do－

me，　and　the　parallel　faults　along　the　Shiojiri・Nirasaki

Line　which　corresponds　to　the　middle　part　of　the　ltoi・

gawa－Shizuoka　Tectonic　Line（Fig．1）．　The　many　dis－

placements　striking　in　the　NW－SE　direction　are　pre・

sumed　also　in　and　around　the　Enrei　Depression．

3．Oblique　faults

　　　　The　oblique　faults，　whose　strikes　are　oblique　to

the　general　trend　of　Green　Tuff　Basin，　comprise　tho

two　systems　different　in　strike，　E－W　trending　faults

classified　as　System　O－1，　and　N－S　trending　faults　as

System　O－2．

のSystem　O－1

　　　　The　two　faults　of　System　O－1　are　situated　at　the

northeastern　end　of　the　Saikawa　Anticline，　bringing

apParently　left－1ateral　separations　to　the　nearly　verti。

cal　strata．　They　coincide　approximately　with　the　line

of　abrupt　ehange　of　thickness　in　the　Upper　Ogawa　and

LoWer　Shigarami　Formations．
b）System　O－2

　　　　　Many　faults　running　in　the　N－S　direction　have

been　generated　in　and　around　the　Omine　Depression

and　the　Matsumoto　Basin　developed　’along　the　ltoiga－

wa。Shioliri　Line，　the　northern　part　of　Itoigawa－Shizu－

oka　Tectonic　Line（Fig．1）．　The　representative　faults

among　them　are　the　Otari－Nakayama　Fault　separat－

ing　the　Omine　Depression　from　the　Minochi　Subsidence

Zone，　the　Eastern　Marginal　Fault　of　Matsumoto　Ba一

V．ANALYsls　oF　sEDIMENTARY　BAslNS

　　　　The　analysis　of　sedimentary　basins　in　the　north－

ern　Fossa　Magna　region　is　relatively　easy，　because　tho

strata　are　repeatedly　exposed　by　several耳najor　folds

and　the　lateral　change　in　facies　and　thickness　can　be

examined　not　only　in　Iongitudinal，direction　but　also

in　transverse．one．　HoΨever，　the　intermittenc臼of　ex－

posure　in　transverso　direction　due　to　erosion　of　strata

in　tho　anticlinal　area　and　to　concealing　by　overlying

strata　in　the　synclinal　area　prevents　continuous　obser－

vation．

　　　　　In　this　chaptor，　features　of　subsidence　pattern

and　sedimentary　environment　in　each　stage　are　analiz・

ed　on　the　basis　of　available　data　on　thickness，1itho－

facies，　biofacies　and　paleocurrent．　Thickness　of　the

formations　in　many　successions　is　shown．collectively

in　Fig．14．

A．UcHIMuRA　STAGE

1．Subsldence　Pαttern

　　　　　There　are　few　precise　data　on　subsidence　pattern

in　tho　Uchimura　stage．　Only　one　typical　stratigraphic

profilo（Fig．15）is　restored　across　the　northern　part

of　the　Utsukushigahara　Dome　in　E－W　direction（Ina・

ba，1959）．　Although　the　whole　thickness　of　the　Lower

Uchimura　Formation　is　unknown，　the　thicknesses　of

the　lchinose　Member　and　the　Upper　Uchimura　Forma－

tion　attain　maximums　in　the　eastern　area．　Therefore，

the　depocenter　is　inferred　to　have　been　be　situated　in

the　eastern　part　of　the　dome（Utashiro　et　al．，1958）．

Afairly　large　thickness　of　the　Upper　Uchimura　For－

mation　to　the　north　of　Matsumoto　may　indicate
that　one　more　depocenter　is　generated　on　the　western

flank　of　the　dome　in　the　later　stago．

2．Sedimentαr：ソenvironment
a）I」ithofacies

　　　　Alarge　amount　of　volcanic　products　reflects　the

violent　initial　volcanism　of　the　Green　Tuff　Basin　in

this　stage．　Judging　from　the　intercalation　of　clastic

sediments（rarely　yielding　marine　fossils）and　the

presence　of　pillow　structures　in　basalt　lavas，　the　vo1．

canism　is　inferred　to　have　taken　place　mainly　in　sub－

marine　condition．　In　the　Utsukushigahara　Dome　area，

the　eastward　extension　of　clastic　facies　in　the　middle

horizon　suggests　that　the　eastern　area　relatively　sub－

sided　in　an　intermission　of　volcanism　between　the　two

volcanic　cycles，　and　received　an　inflow　of　clastic　ma－

terials　from　the　west．

b）Palecurrent

　　　　Sole　markings　on　flysch－1ike　beds　in　the　Hongo

Member　of　the　Lower　Uchimura　Formation　indicate

mainly　longitudinal　currents　from　south－southwest
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to　north－northeast，　accompanied　with　several　lateral

currents　toward　the　west（Tanaka　et　al．，1973；Suzuki，

1982）．

c）Biofacies

　　　　Molluscan　fossils　found　in　the　Hongo　Member

are　mostly　of　neritic　environment，　represented　by　Aci－

la（Acila）dεuαr姻α，ゑ㎜dαrαmαん加mαε，　callista

brev　is　iρhonα施，　Nassarius　nahαmurai，　etc．　AroundMt．

Moriya，　the　Tazawa　Member　of　the　Upper　Uchimura

Formation　yields　neritic　molluscs　such　as　Anaalara

肌orlyens　is，　Dosiπiα∫ゆπo厩，　qyclina　japontcαand

Turritella　cゐ加ゐibueπεiS（Tanaka，1973），　and　forami・

nifers　of　N．8　zone　such　as　2レfio8），psina　（ル「iog），psina）

ゐotoi（Matsumaru　et　al．，1982）．　The　Tazawa　Member

overlaps　the　pre・Neogene　basement　rocks　beyond　the

Itoigawa－Shizuoka　Tectonic　Line．　Thi8　fact　may　indi・

cate　the　initiation　of　the“Nishikurosawa　Transgers・

sion”in　the　northem　Fossa　Magna　region．　A　cephalo．

pod　fossil，！lturia　sp．　obtained　near　the　boundary　bet。

ween　the　Uchimura　and　Bessho　Formations　in　the　Shi・

ga　Dome　area（Omoriεホal．，1973）probably　reflects

tho　advancement　of　this　transgression．

B．BESSHo　STAGE

1．Subsl！ence　pattern

　　　　The　isopach　map　shown　in　Fig．16　reveals　a　part

of　tho　subsidence　pattern　in　the　Bessho　stago．　From

the　tendency　of　thickness　change，　the　depocenter　is　in－

ferred　to　be　situated　in　the　southem　Komili　Subzone

and　the　thickness　at　the　depocenter　to　attain　ca．’ 4000
m．Tho　westward　deflection　of　depoaxis　suggests　an

asymmetric　subsidence　pattern　with　a　fairly　steeper

gradient　on　the　western　wing．　The　gentle　gradient　as．

cending　to　the　so血theast　indicates　that　the　central

part　of　the　sedimentary　basin　of　the　Uchimura　Forma．

tion　ceased　to　subside　and　began　to　upheave　in　this

stage，　as　pointed　out　by　Kobayashi（1957）．　As　a　whole，

tho　subsidence　pattern　in　the　Bessho　stage　may　fit　the

saddle・1ike　structure　formed　between　the　embryonic

Utsukushigahara　and　Shiga　Domes．　The　asymmetric
downwa叩ing　of　crust，　causing　such　a　subsidence　pat－

tern，　is　inferred　to　be　propelled　complementally　by　the

doming．up　of　the　Central　Uplift　Zone　in　two　foci　and

by　the　flexuring　along　the　Saikawa　Anticline。Fault

olovating　its　wostom　side．

WBessho　F．
Aoki　F．

E
o

・nm
゜ 2000

　　　　Although　no　available　data　are　obtained，　the

Bessho　Formation　presumably　lies　under　the　younger

strata　in　the　Takafu－Orihashi　and　Hikage　Subzones，

because　the　northern　Fossa　Magna　region　was　extensi．

vely　submerged　by　the　transgression　in　this　stage　as

mentioned　just　later．

・3000

㈱
・5000m

FIG．15．　Stratigraphic　profile　of　the　Uchimura　to　Bes－

　　　　　　　sho　Formation　across　the　northerm　part　of

　　　　　　　Utsukushigahara　Dome．

2．Sedimen施耽y　environm，ent

a）Lithofacies

　　　　The　monotonous　lithofacies　of　black　shale　and

mudstone　indicates　that　a　low・energy　environment

dominated　throughout　the　Bessho　stage．　No　marginal

facies　is　observable　in　the　formation．　Therefore，　the

sea　probably　invaded　very　extensively　into　the　north－

em　Fossa　Magna　region．

　　　　The　occurence　of　disturbed　beds　concentrated　on

the　western　wing　of　the　depoaxis（Fig．8）is　attribut－

ed　to　an　instability　of　paleo－submarine　slopo．　Such

an　unstable　paleoslope　corresponds　to　the　steep　gradi．

ent　of　thickness　change　mentioned　above，　and　is　ulti・

mately　inferred　to　be　originated　from　a　differential

subsidence　on　the　eastern！imb　of　the　embryonic　Sai・

kawa　Anticline．Fault．

b）Paleocurrent
　　　　、As　usual　in　muddy　facies，　sole　markings　are　rath。

er　rare　in　the　Bsssho　Formation．　Several　flute　casts

on　sandy　intercalations　display　a　longitudinal　current

from　south　to　north　or　from　southwest　to　northeast
（Tanaka　et　al．，1973；Suzuki，1982）．

c）Biofacies

　　　　The　Bessho　Formation　yields　various　kinds　of
fossils（foraminifera，　molluscs，　fish　bones　and　scales，

Plants，　etc．）．

　　　　Calcareous　foraminifera　such　asσりεgθrεπαsp．，

EpiStominella　sp．　and（Nmssidulina　sp．　are　found　in　the

eastern　part（Masatani　and　Ichimura，1970）．　Accord－

ing　to　Kitazato（1983），　they　are　grouped　into　his　C－

Assemblage，　which　is　comparable　to　a　recent　foramini－

feral　assemblage　on　middle　continental　slope　ranging

from　1000　to　2500m　in　depth．

　　　　The　molluscan　fauna　is　characterized　by　Adulo－

mya　uchimurαensis，　Yoldia　landabilis，　Portlandia

liSCゐhei，ルtodiolUS・aゐanu施ensis，　Pa〃iolum（Delecto－

pecten）pechhami，σ・nch・cele吻ρ・niCa，　Buccinum
ゐ（リノamαi　and」～「eりerita∫iSsurαt乙ts，　and　indicates　a　neri－

tic　to　uPPerbathyal　opcn・soa　condition（Tanaka，1973）．

Recently，　some　fossils　of　Cephalopoda　such　as　Argon一

α‘αtokunagαi　are　obtained　from　the　middle　horizon

（Kosaka　and　Taguchi，1983）．

　　　　According　to　the　study　on　the　fish　bones　by　Ueno

（1979），some　species　of　certainly　deep－sea　environment

classificd　as　order　Myctophiformes　and　family　Mac－

rouridae　are　found　in　addition　to　inhabitants　of　sur＿

face，　middle　and　bottom　layers．

　　　　The　Kurumizawa　Flora　obtained　from　the　middlo

horizon　is　represented　by　Quercus（Evergreen　Oaks），

Cinnamomum，　Mαchilus，　 Laurus，　Ileコc，　Berchem，　

ia，　etc．，

and　is　considered　to　have　been　a　plant　community　in

subtropical　coastal　region（Matsuo，1979）．

　　　　　As　a　whole，　the　biofacies　of　the　Bessho　Forma－

tion　indicates　a　neritic　to　upPerbathyal　open－sea　envi－

ronment　in　subtropical　climate．　Such　a　relatively

deep　marine　condition　in　this　stage　is　probatly　a　mani－

festation　of　the　maximum　phase　of　the“Nishikuro。

sawa　Transgression”in　the　northern　Fossa　Magna

「eglon・
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C．AOKI　STAGE

1．Subsldence　Pαttem
a）Early　Aoki　stage

　　　　The　isopach　map　of　the　Lower　Aoki　Formation

is　shown　in　Fig．17．　From　the　tendency　of　thickness

change，　the　depocenter　is　inferred　to　be　situat2d　in　the

southern　to　middle　Komiji　Subzone，　where　the　thick一

ness　attains　ca．1300m．　The　westward　deflection　of

depoaxis　brings　about　a　remarkable　asymmetry　in　the

subsidence　pattern　with　a　fairly　steep　gradient　on　the

western　margin．　The　gentle　slope　on　the　southeastern

wing　is　not　so　smooth　as　in　the　case　of　the　Bessllo

stage，　but　slightly　undulates　with　NE－SW　trending

axes．　On　the　whole，　the　asymmetric　downwarping　of

sedimentary　basin　in　this　stage　is　complementary　to
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the　doming．up　of　the　Central　Uplift　Zone　and　to　the

flexuring　along　the　Saikawa　Anticline。Fault，　as　in　the

Bessho　stage．　However　the　contrast　between　down

wa叩ing　and　upwa叩ing　is　not　so　striking．　The　subor－

dinate　undulation　on　the　southeastern　wing　may　sug．

gest　the　embryonic　deformation　of　some　of　the　Type－

Band＿D　folds，　because　the　undulation　is　harmonious

with　these　folds．

　　　　The　sedimentary　basin　of　the　Lower　Aoki　For－

mation　has　certainly　extended　over　the　Takafu－Oriha・

shi　and　Hikage　Subzones，　since　the　formation　is　ex－

posed　along　the　Nishikyo　Anticline－Fault　and　the

Buno　Fault．　　　　　　　　　　　　　　　”
b）Late　Aoki　stage

　　　　The　isopach　map　of　the　Upper　Aoki　Formation

is　shown　in　Fig．18．　The　fundamental　feature　of　sub。

sidence　pattern　in　this　stage　is　the　presence　of　three

basins　separated　by　the　two　rows　of　structural・high

which　are　later　to　grow　into　the　principal　anticlines

（Type　C－folds）．
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　　　　The　structura1－high　along　the　Saikawa　Anticline．

Fault　exhibits　a　somewhat　complex　style．　The　Upper

Aoki　Formation　on　the　western　side　of　the　structural．

high　is　more　than　twice　as　thick　as　that　on　the　eastern

side，　and　the　formation　tends　to　thin　toward　the　axis

of　the　high．　Such　an　abrupt　change　of　thickness　presu－

mably　results　from　the　block　movement　along　the　Sa－

ikawa　Anticline－Fault，　as　pointed　out　at　first　by　Ta－

keuchi　and　Sakamoto（1976）．　Another　structural－high

along　the　Nishikyo　Anticline．Fault　exhibits　an　asym－

metric　anticlina1－shape　with　an　axial　surface　inclined

to　the　northwest．

　　　　Among　the　three　basins　separated　by　rows　of

structura1－high，　the　southeastern　one　named　the　To・

chiku－Komili　Sedimentary　Basin　shows　a　subsidence

pattern　similar　to　that　in　the　Early　Aoki　stage．　The

depocenter　is　probably　situated　in　the　middle　Komiji

Subzone，　where　the　thickness　attains　ca．1400m．　The
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middle　basin　named　the　Takafu－Orihashi　Sedimenta－

ry　Basin　shows　a　trough・1ike　shape　with　fairly　steep

gradient　on　both　the　southeastern　and　northwestern

margins．　The　estimated　thickness　at　the　depocenter　is

2200m．As　a　result　of　disappearance　of　the　Saikawa

Anticline－Fault　in　the　northern　area，　this　trough－

shaped　basin　is　presumably　turned　into　asymmetric

basin　with　a　very　steep　northwestern　wing　and　a　gentle

southeastem　wing　ascending　directly　toward　the　Shi－

ga　Dome．　The　subsidence　pattern　of　the　northwestem

basin，　the　Hikage　Sedimentary　Basin，　is　also　asymmet－

ric，　with　a　depoaxis　deflected　northwestward．　The

thickness　at　the　depocenter　attains　ca．1900m．

　　　　As　stated　above，　the　subsidence　pattern　in　the

Late　Aoki　stage　is　characterized　by　three　asymmetric

sedimentary　basins　with　depoaxes　generally　deflected

northwestward，　and　also　by　two　rows　of　structural－

high　separating　the　basins．　As　a　whole，　the　asymmetric

downwarping　in　this　stage　was　controlled　complemen－

tally　by　the　doming・up　of　Central　Uplift　Zone　in　two

foci　and　by　the　growth　of　Type－C　folds　in　the　Minochi

Subsidence　zone．　Incidentally，　the　subsidence　pattern

of　the　southeastem　Tochiku－Komiji　Sedimentary　Basin

was　modified　by　the　growth　of　some　of　the　Type。B

and－D　folds，　as　in　the　Early　Aoki　stage．

2．Lithofαcies

　　　　The　Aoki　Formation　is　characterized　by　the　pre・

dominance　of　flysch　facies，　consisting　of　two　upward・

fining　cycles．　From　the　lithofacies，　it　may　be　suggest－

ed　that　the　intermittent　input　of　sand－and　rarely

pebble・sized　clastic　materials　was；epeated　extensive。

ly　over　the　sedimentary　basins　throughout　this　stage．

Based　on　the　lithofacies’change，　the　supply　of　coarse－

grained　clastics　tends　to　increase　southwestward，　and

is　more　abundant　in　the　lato　stago　than　in　the　early

stage．

　　　　According　to　Hirabayashi（1970a，　b），　the　con。

glomerate　of　tho　Aoki　Formation　consists　mostly　of

gravels　derived　from　pre－Neogene　basement　rocks　such

as　chert，　sandstone，　slate　and　acid　volcanic　rock，　and

additionally　of　those　from　the　Uchimura　Formation

such　as　altered　rhyolite　to　dacite，　andesite　and　basalt．

The　content　of　gravels　from　the　Uchimura　Formation

tends　to　increase　eastward．　These　facts　indicate　that

the　apex　of　the　growing　domes　in　the　Central　Uplift

Zone　emerged　and　the　coarse－grained　clasts　began　to

be　supplied　from　the　Uchimura　Formation　as　well　as

from　the　basement　rocks，

b）Paleocurrent

　　　　Sole　markings，　such　as　flute　and　groove　casts，

are　well　developed　in　the　Aoki　Formation．　According

to　the　restoration　of　paleocurrent　by　Tanaka　etα1．

（1973）and　Suzuki（1982），　a　longitudinal　current　from

south　to　north　or　from　southwest　to　northeast　is　pre・

dominant　over　the　region（Figs．17，18）．　In　the　Late

Aoki　stage，　the　lateral　currents　from　west－southwest

to　east－northeast　joined　the　longitudinal　current　pat－

tern．　Coarsest　facies　of　the　Upper　Aoki　Formation

occurs　in　such　a　joining　area　of　the　paleocurrents　to

the　northeast　of　Omachi，　and　therefore　one　of　the

main　outwash　gates　of　clastic　materials　might　exist

probably　in　the　westward　of　the　area（Suzuki，1982）．

c）Biofacies

　　　　　According　to　the　study　on　foraminifera　by　Ma－

satani　and　Ichimura（1970），　the　Aoki　Formation　is

subdivided　into　the　lower　1）orothia　sp．－1丑zpl（）phrαg－

moldes　sp．　zonule　and　the　upPer　（7ribrostomoldes　sp．

。Trocha〃zinαsp．　zonule．　It　is　considered　that　the　fora－

minifera　of　the　latter　zonule　indicate　shallower　bathy．

metry　than　that　of　the　former．

　　　　The　molluscan　fauna　is　characterized　by　Acila

divαricα施，　Yo認εα 　uranoi，　Portlαndia 　ωαtasei，　P．

yotsuhurensis，、Anadαrα　anzicula　tazαωαertsis，　A．　seto一

ensis，加cinomαacutilineαtα，　Lαevicαrdiumαπ9召ε・

tu肌，．Mercenaria　y一漉吻ε，　Dosε廠（Kaneharaia）hα一

neharαi，　Mαcomα　tohyoensis，　Tecε0παticα∫απ亡hosto一

moides　and　Nassarius　nahαmurai，　associated　with　a

fow　boreal　species　such　as　Peronldiaひenulosa　and　Nep－

tunea　sp．（Tanaka，1962）．　A　predominance　of　shallow

marino　species　accompanied　with　cool　elements　is　char。

acteristic　of　this　fauna（Tanaka，1973）．

D．OGAwA　STAGE

　　　　Subsidence　pattern　and　sedimentary　environment

of　the　Ogawa　Formation　are　fairly　defferent　between

the　early　and　the　late　stage．

D－1．EARLY　OGAwA　STAGE

1．Su　bs　ldence　pa　t　tern

　　　　Subsidence　pattern　in　the　Early　Ogawa　stage　is

characterized　by　tho　three　basins　separated　by　struc・

tura1－highs，　and　by　tho　Kotakiyama　Collapse　Basin

at　the　apex　of　Utsukushigahara　Dome（Fig．19）．

　　　　Among　the　threo　basins，　the　Tochiku－Komiji

Sedimentary　Basin　shows　an　asymmetric　subsidence
pattern　as　in　the　previous　stages，　though　the　north－

eastern　margin　is　closed　by　an　upheaval　bounding　tho

Susobana　Sedinontary　Basin　mentioned　later．　The
depoaxis　is　deflected　extremely　to　the　west，　and　tho

thickness　at　the　depocenter　attains　ca．1300　m．　The

Takafu・Orihashi　Sedimentary　Basin　exhibits　also　a

remarkably　asymmetric　subsidence　pattern　with　a　very

steep　eastern　margin（being　an　eastward－tilted　basin）．

The　maximum　thickness　attains　ca．800　m．　There　are

no　dofinite　data　on　the　Susobana　Sedimentary　Basin　in

which　the　Susobana　Tuff　Member　is　accumulated．
Howover，　it　may　be　considered　that　the　basin　is　a

westward・tilted　one　bounded　by　a　growth　fault　on　its

western　to　southern　margin，　with　a　maximum　thick－

ness　exceeding　2000m．

　　　　The　structural－high　along　the　Saikawa　Anticline・

Fault　shows　a　ridge。1ike　shape．　Tho　Lower　Ogawa

Formation　tends　to　thin　toward　the　axis　of　the　ridge

from　its　both　sides．　The　other　structura1・high　separa・

ting　the　Susobana　Sedimentary　Basin　from　the　Tochi－

ku・Komiji　and　Takafu・Orihashi　Sedimentary　Basins

may　correspond　to　an　edge　of　tilted　block．

　　　　As　a　whole，　the　sedimentary　basin　in　this　stage

are　contracted　to　a　certain　extent　by　an　advancement

of　upheaval　movements　in　surrounding　area．　The　sub－

sidence　pattern　is　inferred　to　be　controlled　by　the　fol－

10wing　six　factors：doming．up　of　the　Central　Uplift

Zone　in　two　foci，　collapsing　at　an　apex　of　the　dome，

antithetic　faulting　on　the　western　to　southern　margin

of　the　Susobana　Sedimentary　Basin，　growth　of　some

of　the　Type－B　and・D　folds　in　the　Tochiku－Komiji

Sedimentary　Basin，　southeastward－tilted　subsidence

of　the　Takafu－Orihashi　Sedimentary　Basin（presumab－

1y　originated　from　the　uplifting　of　the　Hida　Moun一



Late　Cenozoic　Geohistory　in　the　Northern　Fossa　Magna　Region 107

tain　Range　as　mentioned　Iater），

Saikawa　Anticline．Fault．

and　growth　of　the

2．Sedimentαry　enひironm，en亡

a）Lithofacies

　　　　The　Lower　Ogawa　Formation　is　characterized　by

aremarkable　differentiation　of　lithofacies　in　lateraI

direction，　and　by　an　appearance　of　molasse　and　volca－

nic　facies．

　　　　The　volcanic　facies　is　classified　into　the　Kotaki．

yama　and　the　Susobana　Facies，　both　of　which　are　pro－

ducts　of　volcanism　closely　connected　with　doming－up

of　the　Central　Uplift　Zone．　Most　of　the　Kotakiyama

Facies　is　of　subaqueous，　probably　lacustrine　origin　on

the　ground　of　intercalation　of　clastic　layers　in　many

horizons　without　marine　fossils．　Subaerial　nature　of

the　Susobana　Facies　in　the　southwestern　part　of　the

Susobana　Sedimentary　Basin　tums　into　subaqueous
one　in　the　middle　to　northeastern　part，　where　clastic

layers　are　intercalated　and　various　types　of　lamina一
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FIG．19． Isopach　map　of　the　Lower　Ogawa　Formation．
　　　　　　　See　the　legend　of　Fig．16．
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tion　are　observed．

　　　　The　clastic　facies　is　composed　of　molasse　and

flysch　facies．　The　abrupt　appearance　of　molasse　facies

in　the　Tochiku。Komiji　and　southwestern　Takafu－Ori・

hashi　Sedimentary　Basins　is　due　to　a　rapid　shallowing

of　sedimentary　basins　at　the　beginning　of　this　stage．

The　upper　part　of　the　molasse　facies　becomes　to　con－

tain　a　large　amount　of　coal　in　the　Tochiku．Komiji

Sedimentary　Basin．　Especially，　the　eastern　part　of　the

basin　is　occupied　by　frequent　alternation　of　coarse－

grained　clastics　and　greenish－colored　carbonaceous

mudstone　containing　coal　seams．　Such　sediments　may

show　a　repetition　of　high・energy　condition　and　stag－

nant　one　under　a　fluvial　environment．　Besides，　the　ark－

osic　nature　of　sandstone　in　the　molasse　facies　may

reflect　an　upheaval　of　the　middle　part　of　the　Hida

Mountain　Range　where　granitic　rocks　are　widely　ex．

posed．　On　the　other　hand，　the　flysch　facies　is　develoP●

ed　in　the　northwestward　frontal　area　of　the　molasse

facies，　where　rather　low－energy　condition　has　been

provailing　sinco　the　Aoki　stage．

b）Paleocurrent
　　　　　Paleocurrents　in　the　Early　Ogawa　stage　are　re・

stored　from　cross　laminations　in　molasse　facies，　and

from　sole　markings　in　flysch　facies．　According　to　Su．

zuki（1982）and　author’s　data，10ngitudinal　current　is

more　predominant　than　lateral　one．　The　longitudinal

current　in　the　northwestem　Tochiku・Komiji　Sedimen・

tary　Basin　runs　into　the　Takafu・Orihashi　Sedimentary

Basin　across　the　structural・high　along　Saikawa　Anti。

cline・Fault．　In　the　southwestern　part　of　the　latter

basin，1ateral　currents　toward　the　east　are　also　obser。

ved．

c）Biofacies

　　　　　Fomminifera，　molluscs，　plants，　etc．　are　obtained

from　the　L，ower　Ogawa　Formatiol1．

　　　　　The　lower　part　of　molasso　facies　yields　neritic

molluscs　such　as　G砂（rymeriS　crαεsα，　G．ゐ一sueuhii，

Lucinornα・actitineαta，　Laevicardium　angusturn，　Mer一

cθ㎜r切一伽ゐai・and・Dosinia（Kαneharαia）加π伽rαε，

accompanied　increasingly　with　cool．water　elements

such　as　Peronldia　venulosα，　Astar‘θboreαlis，　Mαctra

sulcataria，　SρiSulα　vayei　and　S．　sαchαlinensis（Tanaka，

1962，1973）．The　upper　part　of　molasse　facies　is　poor

in　molluscan　fossils　except　Crαsεos‘rθαsp．　which

forms　numerous　fossil　beds　in　the　Tochiku－Komili

Sedimentary　Basin．　Moreover，　Anodontα　sp．　and　tree

stumps　in　growth　position　are　obtained　in　the　east－

em　part　of　the　basin（Morishitaθ亡α乙，1957），　where

the　strata　exhibit　fluvia1－1ike　lithofacies　as　mentioned

above．

　　　　　The　Omi　Flora（Imaizumi，1931）from　the　mo－

1asse　facies　is　characterized　by　Sθquoεα，　Gl：ソptostro・

bus，　Fagus，（7as施πεα，　Quercus　（Deciduous　Oaks），

　Betulα，（larl）加μs，　Acer，　etc．，　inferred　to　be　a　plant

community　in　the　temperate　to　warm－temperate　zone．

　　　　　As　to　the　foraminiferal　fossils，　remarks　are

　given　in　the　next　section．　Thus，　the　biofacies　in　the

Early　Ogawa　stage　shows　that　under　the　temperate　to

warm．temperate　climate　the　sedimentary　environm－

ent　of　molasse　facies　in　the　Tochiku－Komiji　Sedimen－

tary　Basin　turned　from　a　neritic　condition　to　a　brack－

ish，　or　locally　fresh。water　to　subaerial　condition．

D＿2．LATE　OGAwA　STAGE

1．S乙e　bsldence　Pαttern

　　　　　The　isopach　map　of　the　Upper　Ogawa　Forma－

tion（Fig．20）reveals　a　vanishing　of　the　sedimantary

basin　almost　over　the　Central　Uplift　Zone．　Subsidence

pattern　in　this　stage　is　rather　simple，　characterized

an　6　chelon　arrangement　of　three　asymmetric　basins

separated　by　tho　structura1－highs．　Each　of　the　basins

shows　northwestward・tilted　subsidence　with　a　depoax・

is　deflected　to　the　northwest．　The　Type・C　folds　grow

to　the　asymmetric　struc加ra1－highs　whose　axial　planes

incline　toward　the　northwest．　It　is　noticeable　tllat

another　small　depocenter　with　a　maximum　thickness

of　1500m　exists　near　the　northeastern　end　of　the　Sai・

kawa　Anticline－Fault．　Two　faults　of　System　O－2　are

generated　just　in　a　steep　gradient　zone　on　the　southern

sido　of　this　depocenter．

　　　　As　a　whole，　the　subsidence　pattern　is　controlled

by　the　advancement　of　upwarping　of　the　Central　Up－

1ift　Zone，　and　by　the　growth　of　Typc－C　folds　in　anti・

thetic　manner　against　the　upwarping．

2．Sedimentωr　y　environment

a）I」ithofacies

　　　　The　lithofacies　of　the　Upper　Ogawa　Formation

is　characterized　by　a　combination　of　southeastern

molasso　and　northwestem　flysch．

　　　　The　molasse　facies　in　the　southern　part　of　the

Tochiku・Komiji　Sedimentary　Basin　is　characterized

by　a　frequent　repetition　of　upward－fining　cycles．　A

grcenish－colored　mudstone　containing　coa1・seams　oc・

curs　at　the　top　of　each　cycles．　As　supported　by　tho

occurrence　of　fresh－water　molluscs，　such　conspicuous

cyclic　sediments　are　inferred　to　be　accumulated　under

afluvial　environment．　The　structura1．high　along　the

Saikawa　Anticline－Fault　may　protect　such　a　fluvial

environment　from　the　adjacent　marine　condition．　In

the　northeastern　part　of　the　Tochiku－Komiji　Sedimen。

tary　Basin，　coarse－grained　clasts　are　supplied　from　a

hinterland　composed　mainly　of　the　Susobana　Tuff

Member．
　　　　　The　northwestern　part　of　the　Minochi　Subsidenco

Zone　is　still　occpied　by　muddy　flysch　facies．

b）Paleocurrent

　　　　　A　longitudinal　current　toward　the　north　to

northeast　prevails　also　in　this　stago，　accompanied

with　lateral　currents　into　the　southern　part　of　the

Takafu－Orihashi　Sedimentary　Basin　from　the　west

and　from　the　Tochiku－Komiji　Sedimentary　Basin．

c）Biofacies

　　　　　The　Upper　Ogawa　Formation　yields　foramini－

fera，　molluscs，　echinoderms，　plants，　otc．

　　　　　From　the　molasse　facies　in　the　Tochiku・Komiji

Sedimentary　Basin，　fresh－water　molluscs　such　as
Anodontα　sp．，Mαrgariteferα　sp．，　Cr観αr批1？sp。，　Cor・

bicula　cf．　sahaensiS　and　Viひil）arus　sp．　are　reported　by

Kobayashi　and　lsomi（1950），　Tomizawa（1962），　Tana－

ka　and　Teradaira（1964）and　Saikawa　C．　R．　G．（1966）．

Additionally，　fossil　beds　of（Jrαssostreαgigαs　are　in－

tercalated　in　the　northwestern　part　of　the　basin．　On

　the　other　hand，　the　flysch　facies　yields　neritic　and

rarely　upperbathyal　species，　such　asσonchocete　d誌一

ノuncta，　Clinocardium　shinjiense，　Lαevicαrdium　angUS一

亡u肌，D・sinia（Kαnehαraia）kαnehαrαi，　SpiSula　sαchαLi一

nensis，　Serripes　mαkiyαmαi，　Mya　donaciform　is．　Bucci一
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nurrt　shinαnoense，　AnciStrolepis　frαgilis　and　NassαrittS

nahαmurai（Kanno　and　Tomizawa，1959；Yano　and
Murayama，1976）．　It　is　noteworthy　that　this　fauna，

represented　by　the　Zenkoji　Spa　Fauna，　is　a　relatively

coo1－type　mixed．fauna　composed　of　cold　water　ele．

ments（ε藤琶伽Sαchαlinensis，8θr吻θεmαkiyαmai）

and　warm　water　elements（Dosinia（Kaneharaia）んα。

neharai）．

　　　　The　Chausuyama　Flora（Endo，1948）obtained

from　the　northeastern　end．of　the　Tochiku．Komili　Sedi．

mentary　Basin　is　characterized　by　warm－temperate
elements　such　as！lcer，．Fagus，　Ficus，　Glyptostrobus，

0παfeα，　Pqμαs，　Pterocαryα　and　Sequoia，　with　subor－

dinate　coo1．temperate　ones　such　as　Betula，ノ1　lnus　and

Ulnus．

　　　　According　to　the　study　on　foraminifera　by　Ma－

satani　and　Ichimura（1970），　the　whole　of　the　Ogawa

Formation　is　represented　by（｝ibros施moldes－Trocんα一

mina　zonule．　The　paleobathymetry　is　inferred　to　be

Iargest　on　the　north．western　margin　of　the　Hikage

囎
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FIG．20． Isopach　map　of　the　Upper　Ogawa　Formation．
　　　　　　　See　the　legend　of　Fig．16．
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Sedimentary　Basin，　and　to　decrease　abruptly　toward

the　northwest　and　gradually　toward　the　southeast．
Poverty　in　calcareous　foraminifera　over　the　region（ex・

cept　the　northwestern　side　of　Buno　Fault）and　barren・

ness　in　planctonic　ones　suggest　an　environment　of　em・

bayment　from　the“Paleo－Japan　Sea”and　an　influence

of　fresh－water　from　the　surrounding　land　area．

　　　　Thus，　it　may　be　concluded　that　in　the　Late　Oga・

wa　stage　a　large・scale　bay　opens　toward　the　north　or

northeast　and　is　margined　with　an　alluvial　plain　along

the　southeastern　coast．　Moreover，　the　temperate　to

warm－temperate　climate　in　the　previous　stage　seemes

to　become　a　little　cooler．

E，SHIGARAMI　STAGE

　　　　During　the　Shigarami　stage，　features　of　sedimen。

tary　basin　largely　change　through　the　two　episodes

of　local　uplifting　and　denudation．

FIG．21． Isopach　map　of　the　Lower　Shigarami　Formation．
　　　　　　　　　See　the　legend　of　Fig．16．
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E＿1．EARLY　SHIGARAMI　STAGE

1．　Subsldence　Pαttern

　　　　Alarge－scale　subsidence　and　a　complex　arrange－

ment　of　three　or　four　sedimentary　basins　are　distinc，

tive　features　of　subsidence　pattern　in　the　Early　Shiga－

rami　stage（Fig．21）．

　　　　The　Tochiku－Komiji　Sedimentary　Basin　exhibits

amarkedly　asymmetric　subsidence　pattern（a　north－
westward－tilted　basin）with　a　depocenter　in　the　north－

ern　end，　where　a　thickness　attains　ca．2500m．　A　basin。

al　subsidence　elongated　in　NNE－SSW　direction　is　char．

acteristic　of　the　Takafu－Orihashi　Sedimentary　Basin，

whose　depoaxis　is　deflected　to　the　southeast．　The

maximum　thickness　in　this　basin　is　ca．22001n．　The

Hikage　Sedimentary　Basin　may　open　northeastward，
though　the　thickness　challge　is　not　clear．

　　　　The　structural　highs　separating　these　basins　are

produced　by　the　anticlinal　growth　of　Type＿C　folds．

　　　　　The　subsidence　pattern　in　this　stage　is　controll－

ed　by　the　upwarping　of　Central　Uplift　Zone　and　the

growth　of　Type－C　folds，　and　partly　by　the　upheaval

of　the　Hida　Mountain　Range　as　stated　later．

2．Sedimentαry　environment
a）Lithofacies

　　　　The　Lower　Shigarami　Formation　is　composed　of

two　facies　of　southeastern　molasse　and　northwestern

monotonous　mudstone，　accompanied　with　a　slnall
amount　of　volcanic　products．

　　　　The　molasse　facies　expands　northwestward　espe－

cia11y　in　the　Takafu－Orihashi　Sedimentary　Basin，　as

compared　with　the　Ogawa　stage，　reflecting　presuma－

bly　an　upheaval　of　the　Hida　Mountain　Range．　In　the
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FIG．22．　Cross・lamination　in　the　Lower　Shigarami　Formation．

　　　　　　　　　　　Current　roses　summarize　paleocurrent　for　each　0．5km　square．



112 Takao　YANO

southern　part　of　Tochiku－Komiji　Sedimentary　Basin，

the　molasse　facies　is　characterized　by　a　frequent　repe－

tition　of　upward－fining　cycles　as　in　the　Late　Ogawa

stage，　being　inferred　to　be　deposited　under　a　fluvial

onvironment　bordered　by　the　structural．high　along　the

Saikawa　Anticline・Fault．　Whereas　the　main　part　of

this　facies　is　composed　of　fairly　well・sorted　coarse・

grained　sediments　with　cross　laminatio’n，　the　north－

ern　marginal　part　is　made　up　of　very　fine－grained　ar－

gillaceous　sandstone，　which　at　last　turns　into　mud．

stone．　The　sorting　drops　abruptly　on　the　nortern　mar．

gin．

　　　　The　monotonus　mudstone　facies　occupies　the

northwestern　area　extensively，　accompanied　with　a

small　amount　of　flysch　facies　in　the　Hikage　Basin．

Alow－energy　to　stagnant　condition　seems　to　predomi－

nate　in　the　frontal　area　of　molasse　facies．

　　　　The　sma11－scale　volcanism　supplying　andesitic

to　rarely　dacitic　lavas　and　pyroclastics　into　the　three

main　basins　is　probably　a　forerunner　of　violent　vol．

canism　in　the　Middle　Shigarami　stage，　because　of　a

similarity　in　petrographic　properties．　In　the　Takafu－

Orihashi　Sedimentary　Basin，　pyroclastic　intercala．

tions　tend　to　thicken　and　coarsen　toward　Mt．　Mushi。

kura　where　the　Arakurayama　Pyroclastic　Member　of

Middle　Shigarami　Formation　is　developed．

　　　　Additionally，　the　advancement　of　uplifting　of

the　Hida　Mountain　Range　in　this　stage　is　suggested　by

alarger　average　diameter　of　gravels　derived　frorn　the

pre。Neogene　basements　and　by　a　content　of　granite

　

o
触

〈■■■L・t・・at・urrent・y・t・m くコロo Rotary　current　system

FIG．23．　Paleocurrent　system　restored　from　cross－lamination　in　the　Lower　Shigarami

　　　　　　Formation．
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pebbles　attaining　sometimes　several　per　cent　in　the

southwestern　Takafu．Orihashi　Sedimentary　Basin（Hi．

rabayashi，1970a，　b）．　On　the　contrary，　the　content　of

gravels　derived　from　the　Uchimura　Formation　and　the

Susobana　Tuff　Member　tends　to　increase　southeast－

ward，　due　to　the　fluvial　systems　started　in　the　Cent．

ral　Uplift　Zone．

b）Paleocurrent
　　　　　Paleocurrents　restored　mainly　from　cross　lami－

nation　display　a　rather　scattered　pattern　（Fig．　22）．

However，　they　may　be　grouped　into　two　systems，　i．e．，

an　anticlockwise　rotary　current　system　and　some　Iat．

eral　current　systems　from　southeast　to　northwest　and

from　southwest　to　northeast（Fig．23）．

c）Biofacies

　　　　The　biofacies　of　the　Lower　Shigarami　Forma－
tion　has　already　been　examined　by　Yano　et　al．（1983）

in　the　Takafu－Orihashi　and　the　northeastern　Tochiku－

Komiji　Sedimentary　Basin．
　　　　Molluscan　fossils　occur　in　more　or　Iess　alloch－

thonous　mode，　though　Mya　and　Conchocele　show　in

some　cases　an　autochthonous　occourence．　They　are

grouped　into　five　assemblages　based　on　their　associ．

ation　and　dominancy，　i．e．，　the　Corbicula，　Crassostrea，

Clementia，　Anαdαrα一Dosinia，　Coμchocele　Assemblages

（Tab1e　3）．　The　vertical　change　in　arrangement　of　fau－

nal　assemblages　is　illustrated　in　Figs．24　and　25．　Con－

spicuous　features　through　the　Early　Shigarami　stage

are　a　zonal　arrangement　of　faunal　assemblages（from

south，southeast　to　north．northwest，　Clementict，　Cor－

bieula　or（）rαssostreαAssemblage－Anαdara－Dosinia
Assemblage・σonchocele　Assemblage），　and　also　a　con．

siderable　prosperity　of　the　CrαssostreαAssemblage

in　the　late　to　latest　Early　Shigarami　stage．

　　　　　Trace　fossils　are　grouped　into　sand－pipe　type　and

Cylindrichnus　type，　both　of　which　tend　to　occur　com－

plementarily　with　each　other（Fig．26）．　CyZindrichnus

sp．　occurs　selectively　on　the　border　between　molasse

facies　and　mudstone　facieS，　namely　in　fine－to　very

fine－grained　argillaceous　sandstone．On　the　other　hand，

the　sand－pipe　type　spreads　over　the　southeastern　part

of　the　area　of　coarse－grained　sediments，　and　disap－

pears　in　the　southernmost　fluvial　facies．　According

to　the　paleobathymetric　study　of　trace　fossils　by
Chamberlain（1978），　inhabitants　in　qソlindrichnus　are

inferred　to　dwell　in　nearshore．

　　　　　As　a　whole，　the　zonal　arrangement　of　sedimen－

tary　facies　changing　continuously　from　fluvial　to

neritic　one　may　indicate　a　fan－deltaic　environment．

Judging　from　the　bathymetry　of　Cylindrichnus，　the

border　line　between　the　biotopes　of　Anαdαrα一Dosinia

and　Conchocele　Assemblages　corresponds　roughly　to
the　wave　base，　and　lithologically　to　the　boundary　bet－

ween　molasse　and　mudstone　facies（“mud　line”）．　The

sedimentary　environment　in　this　stage　is　divisible　into

the　following　three　components　from　south－southeast

to　north．northwest；afluvial　plain　along　the　south－

　eastern　coast　bordered　by　a　structural－high，　a　delta

　occupying　the　estuary　and　nearshore，　and　an　extensive

frontal　basin．　According　to　the　study　of　foraminifera

by　Masatani　and　Ichimura（1970），　muddy　sediments

　in　this　frontal　basin　are　represented　by　EpiStominella

pulchella－Cribrostomoldes　cf．　subglobosum　z。nule，　be・

ing　inferred　to　be　accumulated　under　a　fairly　deep　con－

dition．　The　exclusive　prosperity　of　Crαs80s‘rθαin　the

late　to　latest　Early　Shigarami　stage　is　attributed　to

TABLE　3．　MoLLuscAN　AssEM　BLAGEs　FRoM　THE　LowER
　　　　　　　SHrGARAMI　FoRMATIoN．

CORBICULA　ASSEMBLAGE
　　　CombieuZa　sp．

OSTREA　ASSEMBLAGE
　　　Os伽θα（Crussostreαノgravitesta
　　　TeetonαtieαゴαnthOS　tomoi　di多S

　　　Maooma　oaZOαrθa

CLEMENTIA　ASSEMBLAGE
　　　OZ・θ栩entia　sp．

　　　Me　reennta　cf．　！ノokoyαnαi

ANADARA　－　DOSINIA　ASSEMBLAGE
　　　∠レηαζ五2γα　（刀nt二〇uZa

　　　Dosinia（kαneharaiαノkαneharαi

　　　Lueinomαaeuti　Zineatwn
鞠α5αP。ntcα

　　　σZyeymeris　minoehiensis
　　　Tee伽α尻0α“’anthostomoides

Neveri亡α」fissurα亡祝s

　　　Me・roennt・a　shigaramiensis

　　　Pα伽OPθo伽力ψz伽η
　　　P．　　　　　yamαsαkii
　　　Ca　rdiwn　s玩η誕θπsθ

　　　CZinoeαrdirm［ωzgお亡㎜

SpisuZα伽6亡romeris）りoyei
　　　Mvαeiαkanαyashiklensis．

CONCHOCELE　ASSEMBLAGE
　　　Con　ehoce　Ze　biseetoicZes

　　　Buceinwn　shinanoense

adecline　of　salinity　by　an　intensification　of　embay－

ment　condition，　presumably　originated　from　a　up・

heaving　in　the　frontal　basin　associated　with　the　fore－

running　volcanism　around　Mt．　Mushikura．

　　　　Additionally，　an　increace　of　coo1－water　molluscs

such　as　1レfαctrαsαchαlinensis，　S叩飴μ地cf．　vo：ソei，　Pαti－

nopecten（K（）torapecten）triblium　and　Buccinum　hoツα一

mai　is　worthy　to　note．

E－2．MIDDLE　SHIGARAM　I　STAGE

1．Su　bs　ldence　pat　tern

　　　　Subsidence　pattern　in　this　stage　is　characterized

by　emergencealmost　over　the　Tochiku－KomijiSedimen－

tary　Basin　and　by　basinal　subsidences　centering　on　vo1－

canic　bodies　of　the　N－S　trending　Shigarami　Volcanics

Chain（Fig．27）．　The　maximum　thickness　attains　ca．

2100m　in　such　volcanic　basins．　Another　thick　volcanic

pile　is　distributed　in　the　northern　Omine　Depression

along　the　Otari．Nakayama　Fault．

2．Sedimentαr：ソenvironment

a）Lithofacies

　　　　The　lithofacies　of　the　Middle　Shigarami　Forma－

tion　is　characterized　by　a　combination　of　volcanic　and

clastic　facies．　In　the　volcanic　facies　subaerial　products
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1．lower　Lower　Shigarami　F．
｝湊
，〆

2．middle　Lower　Shigarami　F．

3V・gs

LEGEND

●　　CONCHOCEI∂E

∠／

ASSEMBLAGE
｝垂
：、一・一’f

阜劣

CONCHO

PtptDAIB・pt

　　　留
DO5玉

駅喋6？β

が（錘

気
∠！

FIG．24．　Change　in　distribution　of　molluscan　assemblages　in　the　Lower　Shigarami
　　　　　　Formation（modified　from　Yano　et　al．，1983）．
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become　predominant　from　north　to　south．　This　may

reflect　a　differential　movement　between　the　Minochi

Subsidence　Zone　and　the　Central　Uplift　Zone．　The　Ara－

kurayama　volcanic　body　is　inferred　to　be　formed　as　a

volcanic　cone　by　central　eruption，　because　the　depo－

center　coincides　with　the　distribution　center　of　lava

flows（Fig．28），　where　the　intrusion　of　Porphyrite＿1【

occurs．　The　volcanic　activity　changes　from　an　explo。

sive　submarine　volcanism　mainly　of（01ivine－）augite

andesite　in　the　earlier　time　to　a　mostly　subaerial　vo1．

canism　of（hornblende・）hypersthene・augite　andesite
in　the　later　time（Fig．29）．

　　　　The　clastic　facies　is　characterized　by　the　predomi．

namce　of　mudstone，　accompanied　with　muddy　flysch

in　the　Hikage　Sedimentary　Basin　and　with　coarse－

grained　sediments　on　the　southeastern　coastal　mar．

gin．　As　a　whole，　a　low・energy　submarine　condition　is

prevailing　over　the　sedimentary　basins　except　around
tho　volcanic　areas。　　　　　　　　　　　　　　　　　　　・

b）Paleocurrents
　　　　There　are　no　available　data　on　paleocurrents，　be－

cause　of　the　predominance　in　volcanic　and　muddy
facies．

c）Biofacies

　　　　The　Middle　Shigarami　Formation　ylelds　mollus・

cs，　cirripedia，　bryozoa，　etc．　Fossils　reported　from　the

Tokafu・Orihashi　Sedimentary　Basin　are　represented　by

neritic　species　such　as　Anadara　amicula，　Gly（：YmeriS

cf．　orαmαsahii，　Lucinoma　annulαta，　Mercenαriz　chitα一

niαna　andαalliS‘αch　inens　iS（Yano，1981b）．　Sessile

species　such　as　HaliotiS　sp．，ハ40nia　sp．　and　Ba　lznus

sp．　are　also　obtained．　Thus，　the　biofacies　indicates　a

shallow　marino　environment　with　rock　reefs　in　the　vol一

　　　り
canlc　area．

E－3．LATE　SHIGARAMI　STAGE

1．Subsidence　pαttern

　　　　Anorthwestward　restriction　of　sedimentary　ba－

sin　in　the　Minochi　Subsidence　Zone，　and　a　southward

shifting　of　depocenter　in　the　Omine　Depression　are

characteristic　of　the　subsidence　pattern（Fig．30）．

　　　　An　asymmetric　structural　high　along　the　north－

eastern　Nishikyo　Anticline－Fault　separates　the　sedi－

mentary　basin　of　the　Minochi　Subsidence　Zone　into

two　portions．　In　the　Takafu－Orihashi　Sedimentary　Ba－

sin，　the　subsiding　area　is　restricted　within　its　north－

eastern　part．　A　depoaxis　deflected　northwestward　and

asmall　peninsula（about　3㎞10ng）extending　from
the　southwest　are　characteristic　of　this　basin．　The　pe。

ninsular　upheaval　succeeding　to　an　upwarping　of　the

whole　volcanic　body　of　Arakurayama　Pyroclastic
Member　is　considered　to　have　been　caused　by　the　ris・

ing　Porphyrite＿II　under　the　ground（Fig．31），　because

both　the　zone　of　intrusion　of　Porphyrite一皿　and　the

zone　of　hydrothermal　alteration　coincide　with　the
peninsula（Fig。32），　and　because　the　intrusion　is　still

active　in　this　stage．　On　the　other　hand，　the　Hikage

Sedimentary　Basin　is　characterized　by　a　trough・like

subsidence　in　the　southern　to　middle　part　and　an　asym－

meteic　large　subsidenco（a　northwestward。tilted　ba・

sin）in　the　northern　part．　The　maximum　thickness　in

the　latter　basin　is　ca．1500m．

　　　　In　the　Omine　depression，　the　depocenter　is　infer－

red　to　be　situated　to　the　east　of　Lake　Nishina　（Kosa＿

ka，1980）．　The　N－S　trending　depoaxis　is　presumably

NW
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deflected　eastward，　due　to　the　upheaval　of　the　Hida

Mountain　Range．

2．Sedimentary　environment
a）Lithofacies

　　　　Arenaceous　mudstone　is　predominant　over　the

sedementary　basins，　accompanied　with　basal　and　peri－

pheral　conglomrates　in　the　Minochi　Subsidence　Zone，

and　also　with　frequent　intercalations　of　conglomerate

in　the　Omine　Depression．　Besides，　acid　tuff　is　charact．

eristic　especially　in　the　Omine　Depression．　　　　　’

　　　　The　basal　and　peripheral　conglomerates　in　the

Minochi　Subsidence　Zone　consist　of　clasts　ranging

from　sand　to　large　boulder　derived　entirely　from　the

Arakurayama　Member．　In　the　Takafu・Orihashi　Sedi．

mentary　Basin，　debrises　are　sometimes　supplied　from

sea　cliffs　around　the　aforesaid　peninsula　through　this

stage（Fig．31）．　In　most　of　the　basins　except　the　basal

and　marginal　areas，　ill－sorted　muddy　sediments　are

accumulated　under　stagnant　condition。　Additionally，

aremnant　activity　of　the　violent　volcanism　in　the

Middle　Shigarami　stage　supplys　a　small　amount　of

andesitic　pyroclastics．

　　　　In　the　Omine　Depression，　the　conglometate　con－

sists　of　clasts　derived　mostly　from　the　pre－Neogene

basement　rocks　in　the　Hida　Mountain　Range，　and　also

from　the　Neogene　strata　in　the’Minochi　Subsidence　Zo・

ne　and　the　northern　Omine　Depression（Kosaka，1980）．

This　fact　suggests　an　upheaving　tendency　of　the　sur－

rounding　area，　especially　of　the　Hida　Mountain　Range．

b）Paleocurrent
　　　　Based　on　the　restoration　from　fabrics　of　conglo。

merate　on　the　northeastern　margin　of　the　Omin6　De－

pression，　a　paleocurrent　of　N－S　to　NE－SW　direction　is

prevalent（Kosaka，1983）．

c）Biofacies

　　　　The　Upper　Shigarami　Formation　yields　abundant

fossils　of　molluscs，　brachiopods，　cirripeds，　bryozoans，

echinoder㎡s，　etc．　They　are　grouped　under　the　name　of

the　Shimonireki　Fauna　by　Tomizawa（1958）．　Fossils
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FIG．26．　Distribution　of　trace　fossils　in　the　Lower　Shigarami　Formation．
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reported　by　Yano（1981a）are　listed　in　Table　4．

　　　　The　Shimonireki　Fauna　is　characterized　by　abun－

dant　neritic　species　including　sessile　ones　such　as　Hali－

otis，　L　

ittoriα，　SerpulorbiS，　Hydroides，ハ40diolus，　A。

nonia，　Monia，　Coptothyris，　Terebrαtella　and　Bαlanus・

The　sessile　species　are　represented　by　inhabitants　on

rock　coast．　This　fauna　is　also　characterized　by　a　com－

parative　abundance　in　cool－water　elements　such　as（7h。

1αm：ソs（s．s．）cf．　sendαiensiS　and　Plαcopecten（s．s．）cf．

εθ施naensiS．　According　to　Masuda　and　Ogasawara

（1981），the　Shimonireki　Fauna　may　be　a　little　older

than　the　Omma－Manganzi　Fauna，　one　of　the　represent・

ative　cool。water　faunas　in　Japan．

F．SARuMARu　STAGE

1．Subsldence　Pαttern

　　　　The　Minochi　Subsidence　zone　and　the　Omine　De－

pression　show　a　subsidence　pattern　similar　to　that　in

the　Late　Shigarami　stage．　In　the　Central　Uplift　Zone，

R
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諺
刷
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10km

FIG．27． Isopach　map　of　the　Middle　Shigarami　Formation．
　　　　　　　See　the　legend　of　Fig．16．
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however，　new　sedimentary　basins　appear　in　this　stage．

a）Early　Sarumaru　stage
　　　　In　the　Minochi　Subsidence　Zone，　both　the　depo－

axes　and　the　depocenters　shift　to　the　southeast　or　to

the　east（Fig．33），　as　compared　with　the　Late　Shigara－

mi　stage．　Conesquently，　the　asymmetry　of　subsidence

pattern　becomes　remarkably　weak．　The　depocenter　of

the　Omine　Depression　also　migrates　southward（Ko。

saka，1980）．

　　　　In　the　Central　Uplift　Zone，　the　Komoro　and　the

Enrei　Depression　are　formed　by　faulting　of　N－S　and

NW－SE　directions，　superimposed　on　the　eastern　and

southwestern　sides　of　the　Utsukushigahara　Dome，　res－

pectively．

b）Late　Sarumaru　stage

　　　　The　depocenter　of　the　Takafu－Orihashi　Sedimen－

tary　Basin　shifts　to　the　northeast，　and　that　of　the　O－

mine　Depression　to　the　south．　In　the　Komoro　and　the

Enrei　Depression，　lavas　and　pyroclastic　flows　partly

run　over　the　margin　of　depression（Fig．34）．

　　WSW
E轟rly　Shtg己t己m1

ENE

　　　　New　sedimentary　basins　are　generated　in　the　ar－

ea　from　Nagano　Basin　to　northern　foot　of　Mt．　Hijiri

and　in　the　vicinity　of　Shioda　Basin．　The　sedimentary

basin　in　the　Nagano　area　shows　a　northwestward－tilt－

ed　subsidence　with　an　extremely　deflected　depoaxis

and　two　depocenters，　where　the　thickness　attains　ca．

600m．　The　northwestern　margin　of　this　basin　is　bound－

ed　by　flexures　along　the　Tago　and　Samizu　Faults　of

System　L．1b．　The　small　sedimentary　basin　in　the　Shi－

oda　area　has　a　complicated　outline．　The　thickness　there

is　less　than　130m．

ε8rly！Hiddle　Shlq＆rani

e己rl

｛，＆【1y　門lddl“！lat吐」　Hidd　le　Shlqardrnl

1

iate

゜　’：’．◆：・菖・◆．・

　　9　　°’

Midd　1e！；dte．

1‘st配・sh墓・ヨ己r己聞

曾
／］“

レ鴻dy　S凝umau

1

5m　6回7圏8口

FIG．29．　History　of　volcanic　activity　in　the　Shigarami

　　　　　　　stage（shown　as　a　longitudinal　profile　along

　　　　　　　the　axis　of　Orihashi　Syncline　in　the　Takafu－

　　　　　　　Orihashi　Sedimentary　Basin）．

2．Sedimentaりy　environment
a）Lithofacies

　　　　Conspicuous　features　on　lithofacies　are　a　coarse

ness　of　clastic　sediments　over　the　whole　region　and　a

wide　expansion　of　volcanic　rocks．

　　　　The　coarseness　of　clastic　sediments　in　the　Early

Sarumaru　stage　reflects　a　rapid　uplifting　of　prove－

nance　areas　and　a　simultaneous　appearance　of　high－

energy　condition　over　the　depositional　sites．　In　the

Late　Sarumaru　stage，　clastics　become　further　coarser

and　the　conglomerate　contains　abundantly　cobbles　and

in　some　places　boulders．　Intercalations　of　greenish－

colored　mudstone　and　lignite　are　also　characteristic．

Layers　of　welded　acid　tuff　are　observed　locally　in　the

Takafu－Orihashi　Sedimentary　Basin　and　frequently　in

the　Omine　Depression．　This　fact　indicates　that　suba－

erial　condition　occupies　a　part　of　the　sedimentary　ba－

sins，　even　if　temporarily．

　　　　The　composition　and　average　diameter　of　con－

glomerate　in　the　Takafu－Orihashi　Sedimentary　Basin

are　shown　in　Fig．35．　In　the　Early　Sarumaru　stage，

gravels　derived　from　the　pre－Neogene　basement　rocks

of　the　Hida　Mountain　Range　are　prevalent　in　the　west・

ern　area，　while　those　from　the　Neogene　strata（Uchi－

mura　and　Bessho　Formations，　Susobana　Tuff　Member，

Takai　Volcanic　Rocks）are　predominant　in　the　eastern

area．　Such　a　variation　in　composition　is　undoubtedly

attributed　to　a　difference　in　provenance．　In　the　Late

Sarumaru　stage，　the　average　diameter　of　conglomerate

becomes　larger，　and　gravels　from　the　pre－Neogene

basement　rocks　increase　over　the　whole　area；gravels

from　the　Uchimura　and　Bessho　Formations　and　the

Susobana　Tuff　Member　decrease　comparatively．　These

changes　reflect　an　upheaval　of　provenance　areas，　espe－

cially　of　the　Hida　Mountain　Range．　According　to　Ko－

saka（1980）l　the　conglomerate　in　the　Omine　Depres－

sion　consists　of　clasts　derived　largely　from　the　pre－

Neogene　basement　rocks，　and　additionally　from　volca－

nic　and　clastic　rocks　of　the　Neogene　strata，　together

with　acid（welded）tuff　in　the　Omine　Depression．　Be－

sides，　it　is　noticeable　that　clasts　of　semiconsolidated

sandstone　from　the　adjacent　Minochi　Subsidence　Zone

is　contained　abundantly　in　the　later　half　of　the　Late

Sarumaru　stage．　These　facts　indicate　an　advancement

of　uplifting　in　the　Hida　Mountain　Range　and　a　mark－

ed　denudation　in　the　Minochi　Subsidence　Zone．

　　　　　Judging　from　the　standard　stratigraphic　succes－

sion　of　volcanic　rocks　described　in　Chapter皿，　the　en。

vironment　of　Komoro　and　Enrei　Depressions　changes

from　subaqeous　condition　to　subaerial　one，　and　the

mode　of　volcanism　turns　from　explosive　activity　to

effusion　of‘‘Flat　Lava”．　Volcanic　activities　in　the

Shiga　Dome　area　erupt“Flat　Lava”　and　pyroclas－

tics　exclusively　under　a　subaerial　condition．　The　wide一
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spread　nature　of‘‘Flat］しava”　is　attributed　to　an　ab－

normally　low　viscosity　for　andesitic　magma　and　a

flatness　of　bottom　surface．

b）Paleocurrent
　　　　Paleocurrents　are　locally　restored’from　cross

lamination　in　the　Takafu・Orihashi　Sedimentary　Ba－

sin．　Lateral　currents　from　southeast　to　northwest　are

predominant　in　the　Early　Sarumaru　stage．

c）Biofacies

　　Early　Sarumaru　stage

　　　　Molluscan　fossils　reported　from　the　Takafu－Ori－

hashi　Sedimentary　Basin　are　characterized　by　neritic

and　brackish・water　species　such　as　G砂（lyηzθr誌）7ama－

sαhii，　Crαssostreαgigas，　Mαcoma　incongruα，　（lalliStα

breviSiphonαtα，　C：ソclinα　orten施lis，　Mercenαria　shigα一

rαmiensiS　and．MンαノOponiCa（Tomizawa，1962）．　In　the

FIG．30．　Isopach　map　of　the　Upper　Shigarami　Formation．
　　　　　　　　　　　　　　See　the　legend　of　Fig．16．



122 Takao　YANO

Omine　Depression，　Anodon施sp．，（）rassostrea　sp．　and

G砂（：ymeriSッαmasahii　are　obtained，　which　indicate　a

fresh－to　brackish。water　condition　on　the　one　hand　and

aneritic　condition　on　the　other（Himekawa　C．　R．　G．，

1958）．

　　　　As　to　plant　remains，　Me施sequoia　diεticha　is

found　in　the　northeastern　part　of　the　Takafu－Oriha・

shi　Sedimentary　Basin（Saito　et　al．，1960）．　Fossil　dia・

toms　obtained　from　the　lowest　part　of　the　Komoro
Group　are　of　lacustrine　environment（Kubotaε亡αZ．，
1976）．

　　Late　Sarumaru　stage
　　　　According　to　Toyono　C．　R．　G．（1972），　fresh－water

diatoms　occur　in　the　Takafu－Orihashi　Sedimentary

Basin．　The　pollen　analysis　of　lignites　shows　that　the

content　of　Pたεα，　Pintts　and　Alnus　attains　35　to　40％

in　the　lower　horizon　of　the　Upper　Sarumaru　Forma．

tion　and　that　of　Piceαto　ca．65％’in　the　middle

horizon，　where　Mεεαsθqμoεαdisappears．　The　increase

of　these　elements　may　suggest　the　advent　of　cool

climate　in　early　Quaternary　time．

VI．　STRucTuRAL　ANALYSIS

　　　　　The　geological　structure　of　the　northern　Fossa

Magna　is　characterized　by　a　superimposition　of　the

Green　Tuff　Basin　and　the　Pliocene　to　Early　Pleisto－

cene　volcano－tectonic　depressions．
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FIG・31・Stratigraphic　profile　across　the　peninsular
　　　　　　upheava1　in　the　Takafu－Orihashi　Sedimentary

　　　　　　Basin．

　　　　　　1：poorly－sorted　boulder　conglomerate，2：sand・

　　　　　　stone，3：mudstone，4：alteratioゴenvelope，5：
　　　　　　prophyrite．

Tanokashira
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6
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A．STRucTuRAL　ANALYsls　oF　GREEN　TuFF　BAslN

　　　　The　fundamental　geological　structure　of　the

Green　Tuff　Basin　is　a　large－scale　undulation　producing

the　Central　Uplift　and　Minochi　Subsidence　Zones．　And

this　undulation　is　embe11ished　by　several　types　of
smaller－scale　folds　and　faults，　and　by　a　collapse　basin．

In　this　item，　formative　processes　of　each　embellishing

structures　are　examined　on　the　basis　of　morphologi－

，cal　analysis．　Mesoscopically，　bedding　faults　are　fre－

quently　observed　in　layered　rocks　over　the　region，　es－

pecially　in　the　Minochi　Subsidence　Zone．　Therefore　it

is　considered　that　the　behavior　of　folded　materials

was　the　flexural　slip　type　and　partly　might　be　the　fle－

xural　flow　type，　as　pointed　out　by　Uemura（1976）．
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FIG．32．　Geological　map　of　the　area　around　Porphyrite－
　　　　　　　∬．

　　　　　　1：Porphyrite－II（hornblende－hypersthene。augite

　　　　　　porphyrite），2－5：Arakurayama　Pyroclastic

　　　　　　Member，2：hypersthene・augite　andesite，3－5：

　　　　　　hornblende・hypersthene－augite　andesite（3：

　　　　　　massive　lava，4：autobrecciated　lava，5：tuff），

　　　　　　6－7：alteration　envelope，6：chlorite・montmori1－

　　　　　　10nite　zone，7：chlorite－montmorillonite－mica
　　　　　　／montmorillonite－mixedlayetmineral－biotite－

　　　　　　　kaolinite　zone，8：strike　and　dip　of　platyl　joint．

LForm・α蕊ue　processes　o∫geoZogこcαL　structure　o∫t｝Le

Centrαl　UpZift　Zone

　　　　The　geological　structure　of　the　Central　Uplift

Zone　is　composed　of　two　culminations（Utsukushi－

gahara　and　Shiga　Domes躍Type－A　folds）and　an
associated　depression（Tochiku　Half　Basin）which　is

embellished　by　Type＿B　folds　and　System　L＿1b　faults．

As　clarified　in　the　previous　ch叩ter，　the　Type－A

folds　were　initiated　by　a　doming－up　in　the　central

part　of　sedimentary　basin　of，the　Uchimura　Formation

at　the　beginning　of　tho　Bessho　stage，　and　grew　into

large－scale　culuminations（elongated　in　NNE－SSW　to

NE－SW　direction）during　late　Cenozoic　time．　The

Shiga　Dome　consists　of　several　subdomes　with　stocks

of　Quartz　Diorite－I　and　saddles　among　them．　In

the　central　part　of　Utsukushigahara　Dome　also　de．

velop　the　stocks　of　Quartz　Diorite－I　concentratedly．

Because　of　a　structural　concordance　between　the　dome

（and　subdomes）and　the　stocks，　it　may　be　said　that

such　morphological　features　of　the　Shiga　and　Utsuku－

shigahara　Domes　are　attributed　to　the　sporadic　injec－

tion　and　to　the　concentrative　injection　of　the　stocks

of　Quartz　Diorite－1，　respectively．　The　Kotakiyama

Collapse　Basin　may　be　referred　to　a　gravitationaI

col1αpse　generated　under　an　extensional　strcss　field

which　appeared　by　doming－up　of　the　Utsukushigahara

Dome．　On　the　other　hand，　the　Tochiku　Half　Basin

was　formed　as　a　depressional　area　by　a　complemen－

tary　down－warping　which　occurred　between　the　two

foci　of　Iarge－scale　doming－up　in　the　Central　Uplift

Zone．　Furthermore，　the　strata　in　this　half　basin

have　been　deformed　by　both　the　Type－B　folds　and　the

System　L－1b　faults．

　　　　The　Type＿B　folds　are　developed　mostly　in　the
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Bessho　and　Aoki　Formations．　The　disharmonic　mor．

phology　of　Type－B　folds　at　a　detachment　zone　between

the　Uchimura　and　Bessho　Formations　may　indicate

that　the　overlying　Bessho　and　Aoki　Formations　were

shortened　rather　independently　of　the　underlying　Uchi－

mura　Formation．　The　fissility　which　develops　pre－

dominantly　in　shale　of　the　Bessho　Formation　may

ascribe　to　such　a　deformational　process．　Judging　from

their　northwestward　vergence，　the　overlying　folded

strata　are　inferred　to　have　moved　relatively　to　the

northwest．　The　magnitude　of　the　displacement　result－

ed　from　this　folding　appears　to　have　been　not‘

uniform　but　of　the　largest　in　the　middle　parts　of

curved　fold－axes　convex　to　the　northwest，　vanishing

at　their　ends．　The　type－B　folds　may　have　started　to

grow　in　the　Early　Aoki　stage　as　shown　by　the　analysis

of　sedimentary　basin，　and　have　been　presumably　acce1－

erated　by　the　advancement　of　upwarping．　Dip　of　the
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FrG．33．　Isopach　map　of　the　Lower　Sarumaru　Formation．
　　　　　　　　　　　　　In　the　Hikage　Sedimentary　Basin，　the　whole

　　　　　　　　　　　　　thickness　of　Sarumaru　Formation　is　shown．

　　　　　　　　　　　　　See　the　legened　of　Fig．16．
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interface　between　the　Uchimura　and　Bessho　Forma－

tions　on　the　north・western　flank　of　Utsukushigahara

Dome　is　estimated　to　have　already　attained　about
9°，17°and　19°at　the　beginnings　of　the　Early　Aoki，

Late　Aoki　and　Ogawa　stages，　respectively（Fig．9）．

They　were　probably　enough　values　of　dip　for　soft　to

semiconsolida㌻ed　sediments　to　slip　down　only　by　the

tangential　component　of　gravity．　Thus，　it　may　be

pointed　out　that　during　the　upwarping　of　Central　Up・

lift　Zone，　the　Type－B　folds　were　formed　by　an　inhomo－

geneous　gravity　gliding　of　the　mobile　strata（＝Be．

ssho　and　Aoki　Formations）over　the　northwestward－

dipping　stable　surface　of　the　Uchimura　Formation．

　　　　The　System　L＿1b　faults　of　the　Tochiku　Half　Ba－

sin　are　regarded　as　a　group　of　antithetic　faults　form－

ed　under　an　extensiollal　stress．　field　due　to　the　upwar－

ping　of　Central　Uplift　Zone．　They　displace　the　Upper

Sarumaru　Formation，　as　well　as　the　underlying　strata，
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FIG．34．　Isopach　map　of　the　Upper　Sarumaru　’Formation．

　　　　　　　　　　　　　In．the　Hikage　Sedimentary　Basin，　the　whole

　　　　　　　　　　　　　thickness　of　Sarumaru　Formation　is　shown．

　　　　　　　　　　　　　　See　the　1egend　of　Fig．15．
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and　also　locally　the　Toyono　Formation．　These　facts

indicate　that　the　Systemレ1b　faults　were　generated

in　the　fairly　younger　stage．

　　　　Thus，　it　may　be　concluded　that　the　formative

processes　of　the　geological　structure　of　the　Central　Up－

lift　Zone　were　wholly　controlled　by　its　upwarping　in

two　foci　which　was　associated　with　the　intrusion　of

Quartz　Diorite－I　stocks，　and　embellished　by　gravity

gliding　of　the　mobile　strata　and　by　gravity　faulting

which　were　induced　also　by　the　upwarping．

2・Formαtive　processes・．　・f　geotogical　struct．ure（ゾthe

Minoch　

i　sこtbsidence　Zone

　　　　The　geological　structure　of　the　Mino6hi　Subsi－

dence　Zone　is　characterized　by　the　three　synclinal　sub－

zones，　Komiji，　Takafu，Orihashi　and　Hikage、Subzo耳es，

separated　by　the　two　anticlines（Type＿C　folds）．

　　　　As　clarified　by　the　analysis　of　sedimentary　ba一
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F1G．35．　Composition　of　conglomerates　in　the　Sarumaru　Formation．
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TABLE　4．　FAuNAL　LIsT　oF　THE　UPPER　SHIGARAMI　FoRMATIoN　IN　THE　SHIGARAMI　AREA．

Gastropoda
Hαz‘oだ8aff．槻漁（Linn6）

〃．　　　　　sp・

P区陀σ亡乙α協ZZα　（s・s）　ηobZ宏8　　A．　Adams

P。　　　　　　　sp・

ハ10伽α膨σ　　sp・

σαZZ云08¢αηα　　sp．

翫‘必ゴαρo月‘σαA・Adam3

〃oπ鶏Zopo㎎　8απ9α細P28ゼ8　（Schrenck）

L｛亡亡orで豚α　rL｛診亡o㎡りαげαノ　cf．　br¢り‘oμZα　（Phillipi）

7岬1嘘亡θZZα　8αで8み四月8£θ　Yokoya蹴a

5岬μZor尻88冠η朗09”8諺8（Y。koyama）

〃ゆ0伽8幽加ηα如（Y。k。yamの

〃。　　　　　8P。

β‘認伽町8P．

σz7P診σ陀α診‘oα　5α吻幼08自ρ用o♂dβ8　（Kuroda　＆　Habe）

沌ησイ8亡roZεp‘8　診roσho表加8　Da11

〃θP伽θα　rβαz覧わ｛二診ση｛：α，　cf．　αrが3rづ亡fσα　　（Bernard1）

〃θ四r働α　5P．

5‘ph例α1イα　sp・

78σ㎞：　cf．　α8偏デb1マ月で8　　（Yokoyama）

Pelecypoda
〃即舅Zα？　3P．

沌罵αζ麦z1・α　σ躍｛σ“Z¢　（Yokoya！na）

P8θ磁09㎜加dbπ　｛血ZZ¢　（Smlth）

αンσ脚㎡8ン側8α鰯（Y。k。ya㎜）

σ．　　　　　　　　cf．　膨㎝8αk｛：¢　（Yokoyama）

κod‘ρZμ8　d‘∬遥σ‘Zf8　（Kuroda　＆　Habe）

σr3η8ZZα　？　　sp。

碗例ン8（3．8）ゴ0脚θσ㎜fBavay

C．　　（8．5）cf．　Jouε88α綱θi　Bavay

σ．　　　　　（8．8）　cf．　”‘ppoπθη8‘8　　Kuroda

0．　　　　　（8．8）　cf。　8θη血‘θη8｛：8　　｝｛asuda

σ。　　　　　　（3．3）　¢α7π㎜　　Ma3uda　＆　Sawada

σ，　　　　　（8．8）　診α㎜触£　Akiyama

’　　　0．　　　　　（8．8）　cf．　亡αηαんαf　　Akiyama

σ．　　鰯㎎σみZ例ヨθノ励傷8（Reeve）

σ．　　　　8P・

PZασOP80ム9π　　（5．8）　cf．　　8と凄㎞αoη8｛18　　（KubGta）

P4亡伽P8σ鋤α・加皿Pθα鋤♪ン伽8榔‘膨伽8榔‘（Y。k・yama）

P．　　　　rκ．♪　　　　cf．ン㎝α8廊‘シ㎝8αk亡‘（Y。k。ya鵬a）

P．　　　　　　　8P・

沌灯画ασ3診α召回　　Gr｛Ly

㎞向　　cf。　轟瓢【ヴroo為‘8πu　　（Deshayes）

κ．　　　　励o録αな塞　（Gould）

κ．　　　8P。

08診r8α　rOrα8808亡rgα，　σrαり暢亡θ8亡α　　Yokoyama

二即でπo㎜　　aff．　　αOM亡♂Z蓄ηθα如　　（Conrad）

乙．　　　　　　　　απηL｛zα如　　（Reeve）

L。　　　　　　　cf．　例η14Zα亡α　（Reeve）

乙。　　　　　sp・

σ07tσ1ZOOθZ召　わ‘88σなつfdk38　　Kuroda

㊥oZαd‘σ㎞？σ〃加σf（Hanley）

Aわπ批20㍑診α　　sp・

μθ陛θrでσαr（泥α　3P．

σαrd伽刀sp．

Lαθり‘oαrζZ盛襯αη9切亡翻　（Yokoyama）

OZ‘πooαrζ！‘＆4η　cf，　σ｛Z‘α診Mη　（Fabric1U5）

hzetromer’ie　sp．

Pθroη‘d¢α　りθη“Zo8α　　（Schronck）

蜘σ0㎎pr磁傭故（V・Marten5）
”θムgro〃uoo麗　‘r騒σ　（H自nley）

5αZθ亡θZZ盛ηαπ㎡”o¢η8‘8　（Yokoya凧a）

5．　　　　　　　　　θ『翼ホεαZZゼα♪　P9診「岩　σ㎜oぬ　　（Yokoyarna）

50Zθη　g1凱d‘8　Dunkcr

3．　　　8P・

Trapezitun　sp・

餓3rσθ嬬αr盛α　cf。　dヒ‘亡ωτ‘αη¢　（Yokoyama）

配．　　　　　　　cf．シoたoンω職f（Makiyama）

βf。　　　　　　3P・

Pαph‘α3P・

Po8♂ηiα　rPhαoo80rηα，　」αPOPτfσα　　Reeve

σごZZで8診α　σh‘P18η8‘8　（Holten）

傷oZ伽（5．5）8伽肥‘8　Gmelin

吻αr脚”0所ンα♪σ剛‘”9た‘var・θZO躍9α如　Nagao＆ln。ue

M．　　 ゴαP例‘eα　　Jay

Pαηopθ　ゴαpoηfσα　　A．　Adam5

Pαdbrα？　　5P．

2フ8rασ｛α　13‘診08α0εη8‘8　　Nomura

7．　　k㎝αヨω尻k‘θη8‘8Hatai

2．　　　　sp．

Brachiopoda
σop亡o餓召1づ8　grαン曇　（Davidson）

0．　　　　　　　　cf．　σrαン仁　（Davidson）

0．　？　　　　　　grαヨ盛　（Davidson）

σ．　　　　　　sp・

？θr召brα忽ZZα　sp。　　　　　　・　　　　　　　　　・

Cirripedia
8αZαμg　cf・　αηph盛亡㎡診θ　σo凋η幽‘8　　Darw工n

β．　　　　　　cf．　驚8診rα診取3　110ek

Bryozoa

Echinoidea

sin，　the　Type－C　anticlines，　whose　axical　surfaces　dip

to　the　northwest，　accompanied　locally　with　thrusts

along　the　axial・surfaces，　are　supratenuous　folds　grown

as　structural．highs　separating　the　sedimentary　basins

since　the　Bessho　stage．　Although　their　growing　pro－

cesses　are　fairly　complicated，　the　fundamental　tenden・

cy　of　the　northwestern　limbs　to　have　been　elevated　as

compared　with　the　southeastern，　associated　with　the

northwestward－tilted　subsidence　of　sedimentary　ba・

sins，　may　indicate　that　the　Type－C　folds　were　origi－

nated　from　antithetic　faulting　of　basements　against

the　regional　upwarping　centered　on　the　Central　Uplift

Zone．　It　seems　to　be　probable　that　these　antithetic

faults　tends　to　curve　their　surfaces　in　the　upPer　level

and　to　change　into　thrust　faults　near　the　ground　sur－

face（Systemレ1b　faults）due　to　the　gravity　spread，

ing　of　the　northwestern　blocks　and　the　rotational

movement　of　basement　blocks　associated　with　the
regional　upwarping．　If　so，　the　growth　of　structural－

highs　along　the　Type－C　folds　reflects　probably　the　in－

creasing　displacement　of　antithetic　block－faulting　in

the　basements　since　the　Bessho　stage．　In　addition，　the

uplift　of　the　Hida　Mountain　Range　has　also　affectcd

the　growing　process　of　structura1．high　along　the　Sai－

kawa　Anticline・Fault　occasionally，　as　pointcd　out　in

the　previous　chapter．　Furthermore，　in　the　later　stages，

it　has　generated　the　tilted　subsidences（Kodama　and

Yano，1985）of　Omine　Depression　and　Matsumoto　Ba－

sin，　and　the　antithetic　displacements　of　System　L－2

faults　and　some　of　System　O＿2　faults　represented　by

the　Otari－Nakayama　Fault，　in　the　western　marginal

zone　of　the　northern　Fossa　Magna．

　　　　The　formation　of　the　Type－D　folds，　a　group　of

folds　forming　the　major　synclinal　structures　of　indi－

vidual　sedimentary　basins　of　the　Minochi　Subsidence

Zone，　appears　to　have　been　induced　by　the　asymmetric

growth　of　the　Type－C　anticlines　since　the　Bessho　stage．

Consequently，　the　axial　surfaces　of　this　type　folds

sometimes　incline　toward　the　northwest　like　in　the

case　of　those　of　Type－C　folds．　In　the　Takafu－Orihashi

and　Hikage　Subzones，　the　shrinkage　of　strata　attains

at　least　to　20－35％．　The　Type－C　and　Type－D　folds　of

these　subzones　are　considered　to　have　been　also　com－

pressed　by　the　gravity　gliding（especially　in　the　Bes一
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sho　horizon）due　to　the　regional　upwarping　centered

on　the　Central　Uplift　Zone　and　to　the　upheaving　of

Hida　Mountain　Range　which　has　been　accelerated　es．

pecially　in　Pliocene　to　Quaternary　time．　On　the　other

hand，　the　markedly　large　shrinkage　of　strata　and　the

complicated　arrangement　of　structural　elements　in　the

KomijiSubzone　may　be　ascribed　to　a　combined　motion

of　the　growth　of　Saikawa　Anticline－Fault　with　south．

eastward　vergence　and　the　northwestward　gravity　glid・

ing　of　strata　in　the　Tochiku　Half　Basin　mentioned

above．　The　northwestward　vergence　of　the　middle　part

of　Noma　Anticline，　which　is　only　one　exceptional　ver．

gence　in　the　Minochi　Subsidence　Zone，　may　be　attribu．

ted　to　a　gravity　gliding　overloaded　by　the　Hijiriyama

Andesite　Member，　because　such　an　abnormal　vergence

is　restricted　within　the　western　area　of，　this　volcanic

body　of　higher　dencity・The　strata　in　this　area　are

strongly　folded　forming　both　the　fairly　overturned

Noma　Anticline　and　the　fan．shaped　Komiji　Syncline，

attaining　a　maximum　shrinkage　in　terms　of　flexural

slip．　These　folds　have　been　furthermore　flattened　by

the　conjugate　strike－slip　faulting　of　System　T－1．

　　　　In　addition，　the　subsidiary　folds（Type－E）com－

prising　nine　pairs　of　smal1・scale　syncline　and　anticline

have　been　formed　in　the　two　styles．　Some　folds　were

formed　selectively　on　the　western　limbs　of　major　syn－

cline　in　the　Takafu－Orihashi　and　Hikage　Subzones，　es－

pecially　along　the　Otari．Nakayama　Fault　in　en　6chelon

fashion　of　left　hand．　They　may　be　resulted　from　the

stress　concentration　in　these　areas　owing　to　the　asym－

metric　growth　of　Type－C　folds，　and　from　the　north．

westward　gravity　gliding　bordered　by　the　Otari－Naka－

yama　Fault　which　has　brought　about　compressive　and

left．1ateral　displacing　components．　The　other　Type＿E

folds　connected　with　crooks　in　the　traces　of　Syste血L－

1thrusts　were　probably　produced　by　the　interfelence

between　the　crobked　hanging　walls　which　were　thrust

up　in　convergent　directions　to　each　other．

　　　　　The　geological　structure　in　the　Minochi　Subsid－

ence　Zone　as　a　whole　appears　to　have　been　formed　by

the　regional　upwarpings　under　the　gravity　field　and　by

the　consequent　antithetic　faulting　of　the　basements

and　gravity　gliding　in　the　mobile　strata（especially

in　the　Bessho　Formation）．　As　to　the　mechanism　of

folding　in　this　zone，　the　three　types　of　model　have

been　already　proposed，　i．e．，　buckling　models（Koma．

tsu，1967；Kato，1970；Takeuchi　and　Sakamoto，1㎝6），

bending　models（Suzuki　and　Mitsunashi，1974；Union

of　the　Collaborative　Researches　on　the　Green　Tuff　Oro－

geny，1977）and　a　unified　model　of　buckling　and　bend－

ing（Uemura，1976）．　The　above－mentioned　formative

process　supports　the　last　model　composed　of　tilting

blocks　of　・basement　rocksbounded　by　cylindrical　faults．

3．Structurα1　controllers　of　Green　TuガBαsin

　　　　In　conclusion，　the　formative　processes　of　geologi－

cal　structure　of　the　Green　Tuff　Basin　were　controlled

by　the　growth　of　large－scale　undulation　from　the　Cen－

tral　Uplift　Zone　to　the　Minochi　Subsidence　Zone　under

the　influence　of　gravity　and　partly　by　the　upheaving

of　the　Hida　Mountain　Range　especially　in　Pliocene　to

Quaternary　time．　The　derivative　deformations　such

as　gravitational　coIlapse，　gravitational　faulting　in

antithetic　manner　and　gravity　gliding　were　automati－

cally　generated　in　this　structural　setting　under　the　in＿

fluence　of　gravity．

　　　　Ultimately，　the　origin　of　such　a　large．scale　undu－

1ation　becomes　to　loom　up　as　an　essential　problem　for

the　tectonic　control　of　the　Green　Tuff　Basin．　However，

this　problem　is　left　for　the　future　study　because　the

autho足have　now　no　definitive　bases　to　interpret　it．

It　is，　however，　noticeable　that　the　undulation　does　not

show　a　simple　sinus　curve，　but　the　upwarping　of　Cent－

ral　Uplift　Zone　shows　asymmetric　style　with　a　steeper

southeastern　flank　and　the　downwarping　axis，　i．e．，

depoaxis　in　the　Minochi　Subsidence　Zone　tends　to　mi・

grate　toward　the　northwest　or　north　as　mentioned
Iater．

B．STRucTuRAL　ANALYsls　oF

　　VOLCANO－TECTONIC　DEPRESSIONS

　　　　The　volcano－tectonic　depressions　were　generated

in　Pliocene　to　Early　Pleistocene　time，　associated　with

aregional　fracturing　in　N－S　and　NW－SE　directions．

These　two　directional　fractures（System　T－2　and　O－2）

as　a　whole　are　arranged　in　parallel　to　subparallel　with

the　Itoigawa－Shiojiri　and　Shiojiri。Nirasaki　Lines，　par－

ts　of　the　Itoigawa－Shizuoka　Tectonic　Line（Fig．1）．

　　　　The　Omine　Depression　bounded　by　the　Otari－Na－

kayama　Fault　is　characterized　by　the　initial　andesitic

and　the　subsequent　dacitic　to　rhyolitic　volcanisms，

and　also　by　a　large　amount　of　coarse，grained　clastics

mainly　from　the　Hida　Mountain　Range．　The　depocen－

ter　of　this　basin　tend　to　shift　toward　the　south，　as

pointed　out　by　Nishina（1973）and　Kosaka（1979）．　Ac－

cording　to　the　data　by　Matsumoto　Basin　C．　R．　G．

（1977），such　movement　of　the　Omine　Depression　is　fo1－

10wed　by　the　eastward－tilted　subsidence　in　the　Matsu－

moto　Basin　in　middle　to　late　Quaternary　time，　whose

eastern　margin　is　bounded　by　the　southern　extension

of　Otari－Nakayama　Fault　and　the　Eastern　Marginal

Fault　of　Matsumoto　Basin．　Thus，　it　may　be　said　that

the　subsidence　of　the　Omine　Depression　and　Matsu－

moto　Basin　has　been　controlled　by　the　eastward　tilt－

ing　and　gravity　gliding　associated　with　upheaval　of

the　Hida　Mountain　Range　and　by　the　antithetic　dis－

placements　represented　by　the　Otari－Nakayama　Fault．

The　folding　of　Type－F　in　N－S　trend　may　attribute　to

an　interaction　between　such　eastward　gravity　gliding

and　antithetic　faulting．　As　mentioned　above，　the　up・

heaval　of　the　Hida　Mountain　Range　is　affecting　also

to　the　Minochi　Subsidence　Zone．　That　is，　the　strata　in

this　zone　have　been　compressed　by　the　eastward　gra－

vity　gliding　and　re・faulted　along　the　southwestern

parts　of　pre－existing　deep　fractures　of　the　Type－C

folds　and　System　L－1a　faults　in　NNE－SSW　direction，

resulting　in　the　generation　of　System　L－2　faults（Fig．

13）．The　Komoro　and　Enrei　Depressions　were　gene・

rated　by　the　faulting　in　this　stage，　being　filled　with

alarge　amount　of　subaqeous　（lacustrine）volcanic

products　and　subaeria1‘‘Flat　Lava”．In　the　Komoro　De－

pression　on　the　eastern　side　of　the　Utsukushigahara

Dome，　it　is　noticeable　that　the　leveled　bottom　surface

of‘‘Flat　Lava”and　also　the　depositional　surface　of

the　Tateshina　Decayed　Gravel　Bed　are　well　preserved

without　a　severe　disturbance　until　the　present．　On　the

other　hand，　the　Enrei　Depression　superimposed　on　the

southwestern　half　of　the　Utsukushigahara　Dome　is

fairly　disturbed，　as　shown’by　difference　in　elevation

of　the　bottom　surface　of“Flat　Lava”over　1000mfrom

the　flank　of　dome　to　the　top．　Such　a　contrast　of　the
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attitude　of“Flat　Lava”between　the　Komoro　and　the

Enrei　Depression　may　be　caused　by　the　marked　upwar．

ping　of　Central　Uplift　Zone、in　the　Iatest　Saruma・

ru　stage　when　the　final　folding　in　the　Green　Tuff

Basin　took　place　and　the　regional　unconformity　was

formed（Fig．7）．

　　　　The　two　directional　faulting　in　Pliocene　to　Early

Pleistocene　time，　which　has　produced　the　volcano・tec－

tonic　depressions，　seems　to　be　associated　with　a　large－

scale　block　faulting　represented　by　the　generation　of

Itoigawa。Shizuoka　Tectonic　Line．　Some　fractures　may

ha，ve　reached　to　a　considerable　depth　conceming　with

magma　geneses．　It　is　noticeable　that　in　Pliocene　to

Early　Pleistocene　time，　the　regional　faulting　and　the

associated　volcanisms　were　proceeding　contempora－

neously　with　the　stmctural　movements　of　Green　Tuff

Basin．

　　　　．lnicidentally，　the　structural　importance　of　the

Shigarami　Volcanics　Chain　in　N－S　direction　will　be

discussed　in　the　following　chapter．

V皿．LATE　cENOzOIC　GEolllsToRY

A．SuMMARy　oF　TIIE　LATE　CENOZOIC　GEOHISTORY

　　　　The　geologic　development　of　the　northern　Fossa

Magna　region　during　the　Late　Cenozoic　is　summarized

as　follows。

　　　　The　subsidence　process　and　the　deformational

process　in　the　Green　Tuff　Basin　are　essentially　cognate，

controlled　by　the　growth　of　large・scale　asymmetric

undulation　in　gravity　field　and　partly　modified　by　the

upheaval　of　Hida　Mountain　Range．　In　Pliocene　tb

Pleistocene　time，　the　regional　block．faulting　and　the

volcanism　trending　in　N－S　and　NW－SE　directions　were

superimposed　on　the　Green　Tuff　Basin．

　　　　The　geohistory　during　the　Uchimura　to　Ogawa

（or　Early　Shigarami）stage　can　be　comparable　with

that　of“geosyncline”，represented　by　initial　volcanism，

sedimentation　of　pre・flysch，　flysch　and　molasse　facies

and　plutonism．　In　the　Shigarami　and　Sarumaru　stages，

howeverゼthe　regional　uniformity　of　lithofacies　might

haウe　been　produced　by　unified　sedimentary　environ－

ment　and　structural　movement　over　the　region．
＿　，　・　　●

　　　　The　igneous　activity　was　restricted　within　the

Central　Uplift　Zone　during　the　Uchimura　to　Ogawa

stage．　In　the　Shigarami　and　Sarumaru　stages，　however，

such　a　structural　control　was　released，　and　the　igne。

ous　activity　became　to　be　controlled　by　faulting　paral・

1el　with　the　Itoigawa－Shizuoka　Tectonic　Line．

　　　　As　to　the　sedimentary　environment，　upperbathy－

al　condition　in　the　Bessho　stage　owing　to　the　maxi－

mum　phase　of“Nishikurosawa　Transgression”and
the　subsequent　shallowing　tendency　during　the　Aoki

to　Sarumaru　stage　are　worthy　to　note．　Concerning　the

paleocurrent，　the　longitudinal　system　prevailed　in　the

earlier　stages，　whereas　the　lateral　one　became　to　con－

tribute　in　the　later．　The　paleoclimate　changed　from

subtropical　condition　in　the　Bessho　stage，　through

warm－temperate　to　temperate　in　the　Ogawa，　to　cool－

temperate　to　subfrigid　in　the　Late　Sarumaru．

B．MIGRATIoN　oF　DEpocENTERs

　　　　Through　the　development　of　sedimentary　basins，

the　depocenters　shifted　complicatedly．　There　are，　how一

ever，　two　different　patterns　in　migration．

　　　　The　first　is　a　tendency　of　northwestward　or

northward　migration，　though　sometimes　the　depo。
center　stays　in　same　place　for　a　few　stages　or　returns

backward．　This　tendency　started　subsequently　to　the

initial　volcanism　and　subsidence　in　the　Uchimura
stage，　and　continued　until　the　Sarumaru　stage．　It　is

considered　that　such　a　systematic　migration　was　con．

trolled　by　the　growth　of　large－scale　asymmetric　undu－

1ation　in　the　Green　Tuff　Basin　and　by　the　consequent

northwestward　shifting　of　the　largest　displaceme’nt

among　antithetic　faults　in　the　basements．

　　　　The　second　is　a　tendency　of　the　northeastward

and　the　southward（Nishina，1973；Kosaka，1979）mi・

gration．　This　tendency　started　subsequently　to　the　an－

desitic　volcanism　in　the　Middle　Shigarami　stage　which

produced　the　Shigarami　Volcanics　Chain　of　N－S　direc。

tion（Fig．4）．　It　continues　probably　until　the　present，

because　the　recent　basins　such　as　Mure，　Nagano，　Ueda

and　Matsumoto　Basins（Fig．3）are　formed　in　the
forward　position　of　the　migration　of　this　pattern．

　　　　The　next　problem　is　the　interrelation　between

these　two　migration　pattems．　They　are　different　from

each　other　not　only　in　migrating　direction　and　dura・

tion，　but　also　in　relation　with　the　axis　of　sedimentary

basin　（the　first　type　being　transverse　or　oblique　and

the　second　type、being　longitudinal　to　the　axis）．　More・

over，　the　Shigarami　Voleanics　Chain，　which　was　pro－

duced　by　the　volcanism　marking　the　initiation　of　sec。

ond　type　migration，　extends　in　N－S　direction　over　110

km　long　from　the　north　of　Lake　Suwa　to　the　coast　of

Japan　Sea．　This　volcanics　chain　obviously　cuts　the　gen噛

eral　trend　of　Green　Tuff　Basin　obliquely．　It　runs　in

parallel　with　theMiddlePleistocene　to　HoloceneMyoko

Volcanic　Chain（composed　of　three　volcanic　cones）to

the　north　of　Nagano，　and　also　with　the　N－S　trending

regional　fault　system　generated　since　Pliocene　time．

Theso　facts　indicate　that　the　second　type　migration　of

depocenters　has　an　exotic　nature　against　the　first　type

which　is　characteristic　of　the　Green　Tuff　Basin．

Therefore，it　may　be　controlled　by　an　another　structur・

al　movement　than　that　of　the　first　type　migration　in

Green　Tuff　Basin．　If　so，　the　genealogy　of　recent　intra－

mountain　basins　can　be　traced　back　to　Pliocene　time，

not　to　Miocene　time．

　　　　Generally，　the　geologic　structure　of　sedimentary

basin　formed　by　a　unidirectional　shifting　of　depocen・

ters　is　called　the“sedimentary　imbricato　structuro”
（Fujita，1958）．　According　to　this　definition，　it　can　be

said　that　the　development　of　sedimentary　basin　in　the

northern　Fossa　Magna　region　is　represented　by　the

two　types　of　sedimentary　imbricate　structure．

　　　　　According　to　Yano（1982b），　the　development　of

Late　Cenozoic　sedimentary　basins　in　the　Japanese　Is－

1ands　is　generally　represented　also　by　two　types　of　sedi－

mentary　imbricate　structure．　The　first　type　is　toward

the　marginal　sea　and　have　advanced　subsequently　to

the　initial　volcanism　of　Green　Tuff　Movement　in　Ear－

ly　Miocene　time．　The　northwestward　to　northward

sedimentary　imbricate　structure　characteristic　of　the

Green　Tuff　Basin　in　the　northern　Fossa　Magna　re－

gion　belongs　to　this　type．　Only　in　the　southern　Fossa

Magna　region，　the　polarity　is　in　disorder．　The　second

type，　started　in　Pliocene　and　locally　in　latest　Miocene

time，　has　controlled　the　migration　of　Pliocene　to　Pleis－

tocene　sedimentary　basins　in　a　manner　peculiar　to
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each　island　arc．　This　migration　continues　probably　un－

til　the　present，　because　the　recent　sedimentary　basins，

such　as　intra；mountain　basins，1ake　basins，　coastal

plains，　embayments　and　deep　sea　terraces，　are　formed

to　the　fore　of　migration・

　　　　Judging　from　the　differnces　in　direction　and　du－

ration　of　migration，　these　two　types　of　sedementary

imbricate　structure　are　inferred　to　be　independent　to

each、other，　even　if　partly　overlapPed　in　space　and

time．　The　first　type　is　peculiar　to　the　Green　Tuff　Move．

ment，　especially　to　its　developing　stage，　as　pointed

out　by　Fujita（1972a）．　The　second　type　is　presumably

one　of　the　components　of　the　Island　Arc　Disturbance

which　has　produced　the　geomorphological　framework

of　arc．trench　system．　By　reason　of　the　regularity　of

migration（“the　law　of　sedimentary　imbricate　struc－

ture”by　Fujita，1958），　it　may　be　possible　to　forecast

the　direction　toward　which　the　recent　sedimentary

basins　will　shift　in　future．

C．TEcToNlc　CoNTRoLLERs　oF
　　　LATE　CENozolc　GEoHlsToRY

　　　　The　Green　Tuff　Movement　and　the　Pliocence　to

Pleistocene　block　movement　have　produced　the　struc．

tural　framework　of　the　northern　Fossa　Magna　region．

Judging　from　the　structural　trend　and　mechanical

process，　these　two　crustal　movements　may　be　of

different　nature．

　　　　As　to　the　Green　Tuff　Basin　in　Japanese　islands，

the　zone　of　initial　volcanism　and　subsidence　runs　on

the　inner　side　of　island　arc．　In　the　junctions　of　island

arc，　i．e．，Hokkaido，　Central　Japan（Fossa　Magna）and

Kyushu，　many　smaller－scale　zones　of　initial　volcanism

and　subsidence　parallel　with　the　Honshu　Arc　are　ar－

ranged　in　en　6chelon　fashion　in　directions　of　the　joi－

ning　Curi1，　Izu．Ogasawara　and　Ryuku　Arcs．　As　the　re．

sult，　the　Green　Tuff　Region　transects　the　Honshu　Arc

in　these　three　junctions．　Although　such　a　peculiarity

exists　in　the　junctions，　the　development　of　Green　Tuff

Basin　is　fundamentally　similler　over　the　region（Mi－

nato　et　al．，1956；Fujita，1972a，1973a；Tanaka，1979；

Aiba，1982）．　If　so，　the　Green　Tuff　Movement　may　be

controlled　uniformly　by　the　asymmetric　undulation
with　the　Pacific。ward　vergence，　which　has　shifted　the

depoaxis　toward　the　marginal　sea　as　shown　by　the

sedimentary　imbricate　structure．

　　　　On　the　other　hand，　the　Pliocene　to　Pleistocene

block　movement　in　the　northern　Fossa　Magna　region，

producing　the　volcano－tectonic　depressions，　is　consid－

ered　to　be　an　important　component　of　the　Island　Arc

Disturbance　since　Pliocene　time，　because　this　disturb－

ance　is　charachterized　by　the　regional　block　faulting

originated　from　the　slant　uplift　of　island　arc　along

the　Wadachi．Benioff　Zone（Fujita，1982）．　Based　on　the

attitude　of　fault　blocks，　Yano（1983b）and　Yano　and

Yamasaki（1985）proposed　an　uplifting　mechanism　of

the　Japanese　Islands　in　the　following　four　manners；

1）asymmetric　arching　of　island　arc　with　an　axial　sur－

face　slightly　declined　toward　the　back－arc　side，2）an－

tithetic　block　faulting　mainly　on　the　back・arc　side　in

an　extensional　stress　field　originated　from　asymmet・

ric　arching　under　the　influence　of　gravity，　3）　over－

thrusting　at　the　toe　of　continental　slope　on　the　fore－

arc　side（Nagumo，1980），4）tilted　subsidence　of

trench　due　to　the　loading　of　overthrusted　arc・front

（Nagumo，1982）．

　　　　The　asymmetric　archings　of　Honshu　Arc　and　lzu．

Ogasawara　Arc　may　intersect　each　other　in　the　junc。

tion　of　them（Yano，1985）．　The　change　in　elevation

of　all　of　the　geomorphological　elements　in　Central　Ja－

pan，　such　as　the　arching　axis　of　Southwest　Japan　Arc，

the　bottom　surface　of　sedimentary　basins　and　pene－

plain　remnants　in　Plio．Pleistocene　time，　the　fil1・top

surface　of　fore－arc　basin，　and　the　Southwest　Japan

Trench　and　its　eastern　extension（Suruga　and　Sagami
Troughs），　are　in　concordance　with　the　profile　of　Izu－

Ogasawara　Arc　joining　to　the　Central　Japan　from　the

south．　It　is　considered　that　the　most　mountaihous

highland，　which　is　one　of　the　most　prominent　charac－

ters　in　Central　Japan　as　mentioned　in　the　introduc－

tion，　was　produced　by　a　superimp◎sition　of　the　N－S

trending　arching　of　Izu－Ogasawara　Arc　upon　the　ar－

ching　of　Honshu　Arc．　The　antithetic　block　faulting

originated　fr．om　the　arching　of　the　fomer　arc，　which

is　represented　by　a　Iarge　displacement　along　the　mid・

dle　to　southern　part　of　Itoigawa－Shizuoka　Tectonic

Line，　has　spreaded　over　the　Central　Japan．　The　region－

al　block　faulting　in　the　northern　Fossa　Magna　region

since　Pliocene　time，　trending　in　parallel　with　the　Itoi－

gawa．Shizuoka　Tectonic　Line，　might　have　been　origi－

nated　also　from　the　upwarping　of　the　Izu。Ogasawara

Arc．　The　Shigarami　Volcanics　Chain　of　N－S　trend，

which　marks　the　initiation　of　sedimentary　imbricate

structures　formed　by　the　Island　Arc　Disturbance，　pro－

bably　represents　a　forerunning　volcanism　of　such
block　faulting　in　this　region．

　　　　In　conclusion，　tectonic　controllers　of　the　Late

Cenozoic　geohistory　in　the　northern　Fossa　Magna　re－

gion　are　the　asymmetric　undulation　with　the　Pacific－

ward　vergenc6　by　the　Gre6n　Tuff　Movement　during

Miocene　to　Early　Pleistocene，　the　regional　block　faul－

ting　associated　with　the　asymmetric　arching　of　island

arc　by　the　Island　Arc　Disturbance　since　Pliocene，　and

the　peculiar　tectonic　condition　in　the　intersecting
junction　of　island　arcs（Fig．1）．
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