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MH•|Unit•@•iMixed•@Unit•@of•@Horobetsugawa•@Complex•j

The•@MH•EˆêUnit•@contains•@blocks•@of•@subˆêˆêalkaline•@basalt•@having•@common•@petrochemical•@characteristics

with•@the•@B•|Unit•G•@and•@blocks•@of•@oceanic•@island•@ˆê•@type•@alkaline•@and•@tholeiitic•@basalts•D•@The•@oceanic•@island

volcanics•@are•@older•@than•@Late•@Triassic•@based•@on•@limestone•@fossil•@age•D

•@•@•@The•@MH•|Unit•@is•@interpreted•@to•@originate•@from•@debris•@flows•@and•@submarine•@slide•@deposits•C•@because

of•@block•|in•|matrix•@fabric•@and•@the•@occurrence•@of•@sedimentary•@pebbles•D•@The•@characteristics•@of•@the•@blocks

•iL•Bw•E•ES•E•Eachƒgtyp•Etl•E•E1•Eiit•E•ET•Eiassi•E•Eealn•E•E11t•@v•E1ca•Ei•E•Ealld•Eedime•Et•E•j•E•Eg9•E•Et•@that•@at•@least•@some

were•@derived•@from•@the•@Naizawa•@Complex•D

A•@model•@for•@tectonic•@evolution•@of•@the•@ldonnappu•@Zone

•@•@•@Based•@on•@the•@above•@discussion•C•@a•@model•@for•@the•@tectonic•@evolution•@of•@the•@ldonnappu•@Zone•@is

constructed•C•@part•@of•@which•@is•@depicted•@in•@Figs•D•@25•@and•@26•D

1•D•@late•@Tithonian•@ˆê•@Valanginian•@•iapprox•D•@135•@ˆê120•@Ma•j

•@•@•@The•@Sorachi•@ophiolite•@was•@emplaced•@in•@fi•font•@of•@a•@Jurassic•@accretionary•@complex•@•iOshima•@Belt•F

Kawamura•@et•@al•D•C•@1986•j•@in•@late•@Tithonian•C•@becoming•@the•@basement•@of•@the•@forearc•@basin•D•@The•@trench

migrated•@to•@the•@seaward•@side•@of•@the•@accreted•@ophiolite•C•@and•@arc•|derived•@clastic•@sediments•@and

hemipelagic•@sediments•@subsequently•@deposited•@on•@the•@ophiolite•C

2•D•@Hauterivian•@ˆê•@Barremian•@•iapprox•D•@120•@•Eˆê•@110•@Ma•j

•@•@•@Siliciclastic•@turbidites•@were•@deposited•@on•@the•@tholeiitic•@ophiolite•@and•@in•@the•@trench•C•@due•@to•@uplift•@of

the•@Oshima•@Belt•@•iKiminami•@et•@al•D•C•@1992•j•D•@Soon•@after•C•@Triassic•@seamounts•@collided•@to•@the•@ophiolite•@at•@the

trench•D•@The•@toe•@of•@the•@ophiolite•@vvas•@dissected•C•@and•@tectonically•@mixed•@with•@sliced•@seamounts•@and

trench•|fi11•@sediments•C•@becoming•@the•@Naizawa•@Complex•@•iFig•D•@25a•j•D•@This•@process•@was•@quite•@episodic•D

The•@Nitarachi•@Formation•@was•@subsequently•@deposited•D

3•D•@Aptian•@ˆê•@Santonian•@•iapprox•D•@110•@ˆê•@85•@Ma•j

•@•@•@The•@MH•|Unit•G•@the•@unit•@O•|5•@of•@Kiyokawa•@•i1992•j•C•@and•@a•@part•@of•@the•@Kitami•EˆêEsashi•@Complex

•iTumanda•C•@1989•j•@were•@possibly•@deposited•@at•@this•@stage•D•@The•@volume•@of•@sediments•@in•@the•@ldonnappu

Zone•@was•C•@however•C•@small•@at•@this•@stage•D•@Because•@most•@of•@the•@clastics•@supplied•@from•@the•@arc•@were

trapped•@in•@the•@forearc•@basin•@as•@the•@Yezo•@Supergroup•C•@sporadic•@olistostromes•@and•@turbidites•@formed•@only

a•@thin•@accretionary•@complex•D

4•E•@Campanian•@ˆê•@Maastrichtian•@•iapprox•D•@80•@ˆê•@65•@Ma•j

•@•@•@The•@forearc•@basin•@was•@uplifted•@by•@subduction•@of•@buoyant•@young•@oceanic•@plate•C•@and•@voluminous

Supply•@of•@clastics•@to•@the•@trench•@resumed•D•@A•@clastics•|dominant•@accretionary•@complex•@•iPT•|Unit•j•@grew

rapidly•@in•@this•@stage•@•iFig•D•@25b•j•D•@N•|MORB•@greenstones•@were•@also•@accreted•@from•@the•@top•@of•@the

subducting•@oceanic•@basement•C•@along•@with•@covering•@sediments•D
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5•DPaleocene•i’@Prox•E65•|55•@Ma•j

•@•@•@The•@trench•@migrated•@to•@the•@east•C•@and•@the•@PT•|Unit•@formed•@a•@part•@of•@the•@inner•@trench•|slope•@through

post•|accretion•@thickening•D•@A•@trench•|slope•@basin•@formed•@on•@the•@accreted•@PT•|Unit•C•@and•@clastic•@and

hemipelagic•@sediments•@of•@the•@T•|Unit•@were•@deposited•@within•@it•D•@N•|MORB•@were•@erupted•@around•@the

trench•@east•@of•@the•@ldonnappu•@Zone•@•iin•@the•@Hidaka•@Belt•j•C•@due•@to•@ridge•@subduction•@•iKiminami•C•@1989•G

Miyashita•@et•@al•D•C•@1997•j•D

6•DOligocene•|middle•@Miocene•i’@Prox•E35•|10•@Ma•j

•@•@•@The•@Hidaka•@Metamorphics•@began•@to•@thrust•@upon•@the•@ldonnappu•@Zone•@with•@right•|lateral•@slip•@along

the•@thrust•@fault•@•iArita•@et•@al•D•C•@1986•j•D•@Both•@the•@Naizavva•@Complex•@and•@the•@Horobetsugawa•@Complex•@were

uplifted•@and•@overturned•C•@and•@the•@Horobetsugawa•@Complex•@was•@dissected•@and•@rearranged•@by•@right•|

lateral•@duplexing•@•iFig•D•@26•j•D•@ln•@the•@middle•@Miocene•C•@both•@complexes•@vvere•@exposed•@to•@subaerial•@erosion

and•@provided•@gravelly•@detritus•D•@The•@Kamikineusu•@Formation•@was•@thus•@deposited•@and•@was•@subsequently

folded•@between•@faults•D

Conclusions

•i1•j•@The•@pre•|Neogene•@system•@of•@the•@ldonnappu•@Zone•@in•@the•@Urakawa•@area•@is•@divided•@into•@the

•@•@•@greenstone•|dominant•@Naizawa•@Complex•@and•@the•@clastics•|dominant•@Horobetsugawa•@Complex•C

•@•@•@both•@comprise•@two•@and•@three•@lithological•@units•C•@respectively•D

•i2•j•@Radiolarian•@assemblages•@from•@new•@17•@localities•@are•@reported•C•@and•@sedimentation•@ages•@of•@each

•@•@•@lithologic•@unit•@are•@estimated•@based•@on•@the•@fossil•@records•D•@The•@youngest•@fossil•@ages•@are•F

•@•@•@Valanginian•@ˆê•@Barremian•@in•@the•@MN•|Unit•@of•@the•@Naizawa•@Complex•G•@Coniacian•@ˆêˆê•@Santonian•@in

•@•@•@the•@MHˆêˆêUnit•C•@Campanian•@ˆê•@Maastrichtian•@in•@the•@PT•|Unit•C•@and•@early•@Paleocene•@in•@the•@T•|Unit•@in

•@•@•@the•@Horobetsugawa•@Complex•D

•i3•j•@The•@Lower•@Cretaceous•@Naizawa•@Complex•@is•@regarded•@as•@a•@tectonic•@mixture•@of•@slices•@of•@the

•@•@•@Lower•@Sorachi•@Group•@•iBˆêˆêUnit•j•@and•@dissected•@Triassic•@seamount•@with•@trench•|fi11•@deposits•@•iMN•|

•@•@•@Unit•j•D

•i4•j•@The•@Horobetsugawa•@Complex•@is•@regarded•@as•@a•@pile•@of•@Upper•@Cretaceous•@clastic•@sediment•@and

•@•@•@cheit•@•iPT•|Unit•j•C•@with•@intercalated•@debris•@flow•@or•@submarine•@slide•@deposits•@•iMH•EˆêUnit•j•C•@and

•@•@•@inner•@trench•|slope•@basin•@deposits•@•iT•|Unit•j•D

•i5•j•@Original•@disposition•@of•@the•@lithological•@units•@has•@been•@restored•@using•@illite•@crystallinity•@patterns•D

•@•@•@Three•@gradual•@thermal•@trends•C•@bounded•@by•@faults•C•@are•@recognized•@in•@the•@Horobetsugawa

•@•@•@Complex•D•@The•@repetition•@of•@the•@trend•@suggests•@a•@later•|stage•@tectonic•@triplication•@ofthe•@complex•D

•i6•j•@Comparing•@fossil•@ages•C•@K•|Ar•@ages•@and•@lithologic•@assemblages•C•@the•@ldonnappu•@Zone•@and•@the

•@•@•@Kamuikotan•@Zone•@are•@considered•@to•@represent•@different•@parts•@of•@a•@continuous•@accretionary

•@•@•@body•D
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•i7•j•@A•@comprehensive•@tectonic•@model•@vvas•@made•@•iFigs•D•@25•@and•@26•j•D•@The•@greenstone•|dominant

•@•@Naizawa•@Complex•@was•@episodically•@formed•@by•@the•@collision•@of•@Triassic•@seamount•@with

•@•@ophiolitic•@forearc•@in•@the•@Early•@Cretaceous•D•@The•@clastic•Eˆêdominant•@Horobetsugawa•@Complex•@was

•@•@formed•@with•@voltiminous•@sediment•@supply•@to•@the•@trench•@in•@the•@Late•@Cretaceous•D•@The

•@•@Horobetsugawa•@Complex•@was•@rearranged•@through•@thrusting•@with•@right•|lateral•@slip•@ofthe•@Hidaka

•@•@Metamorphics•@in•@the•@Oligocene•@ˆê•@Miocene•D

E
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Chapter•ì•D•@Iwashimizu•@Complex•Fadeep•@section•@of•@the•@Lower
Cretaceous•@accretionary•@complex

—H•u

lntroduction

•@•@•@This•@chapter•@presents•@constituents•@and•@inner•@structure•@of•@a•@high•|PIT•@metamorphosed•@accretionary

complex•@in•@the•@Mitsuishi•EˆêShizunai•@area•@of•@the•@southern•@Kamuikotan•@Zone•@•iFig•D•@1•j•C•@in•@light•@of

radiolarian•@ages•C•@metamorphism•C•@and•@mode•@of•@occurrence•@and•@geochemistry•@of•@greenstones•C•@with•@a

new•@geologic•@map•D•@Based•@on•@these•@data•C•@structural•@framework•@of•@the•@southern•@Kamuikotan•@Zone•C•@and

modes•@of•@greenstone•@accretion•@at•@depth•@in•@subduction•@zone•@are•@discussed•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Geologic•@outline

•@•@•@The•@Kamuikotan•@Zone•@in•@the•@Mitsuishi•|Shizunai•@area•@is•@occupied•@by•@the•@lwashimizu•@Formation

and•@the•@ldonnappu•@Formation•@•iSuzuki•@et•@aL•C•@1961•C•@Matsushita•@and•@Suzuki•C•@1962•j•D•@The•@lwashimizu

Formation•@consists•@dominantly•@of•@greenstones•C•@vvith•@subordinate•@amount•@of•@chert•@and•@siliciclastic

sedimentary•@rocks•D•@The•@ldonnappu•@Formation•@censists•@dominantly•@of•@siliciclastic•@mudstone•@•^•@sandstone

and•@chert•C•@accompanied•@by•@greenstone•@and•@limestone•D•@This•@study•@attributes•@both•@the•@lwashimizu•@and

Idonnappu•@formations•@together•@to•@the•@single•@•glwashimizu•@Complex•h•C•@because•@both•@lithofacies•@are

complicatedly•@arranged•@in•@a•@tectonic•@pile•C•@and•@cannot•@be•@logically•@divided•@as•@described•@below•D

•@•@•@Neogene•@marine•@sediments•@of•@the•@Nishikawa•@Formation•@unconformably•@cover•@the•@lwashimizu

Complex•@and•@the•@N•@itarachi•|Yezo•@Sequence•@•iWada•@et•@al•D•C•@1992•j•D•@The•@lwashimizu•@Complex•@and•@the

Nishikawa•@Formation•@tilted•@together•@up•@to•@70•|900•@dip•@along•@the•@westermnargin•@ofthe•@complex•C•@and•@at

ca•D•@200•@dip•@in•@southwestern•@part•@ofthe•@study•@area•@•iFig•D•@27•j•D

•@•@•@The•@lvvashimizu•@Complex•@dominantly•@trusts•@over•@the•@Nitarachi•|Yezo•@sequence•@along•@its•@eastern

margin•D•@The•@complex•@is•@also•@overlain•@by•@the•@Nitarachi•|Yezo•@Sequence•@in•@selected•@routes•@in•@the•@eastern

part•@of•@the•@study•@area•C•@as•@described•@in•@the•@next•@chapter•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Lithologic•@division

•@•@•@Lithology•@and•@stratigraphy•@of•@the•@lwashimizu•@Complex•@in•@study•@area•@was•@formerly•@described•@by

Nakano•@•i1978•C•@1981•j•D•@He•@concluded•@that•@the•@complex•@is•@faulted•@into•@b•nocks•C•@and•@relations•@between

each•@blocks•@has•@not•@been•@understood•D•@•C

•@•@•@The•@nevv•@mapping•@on•@1•^10•C000•@scale•@•iFigs•D•@28•C•@29•j•@leads•@a•@nevv•@conclusion•@that•@the•@constituent

lithologic•@facies•@are•@systematically•@arranged•@comprising•@a•@tectonostratigraphic•@sequence•@•iFig•D•@30•j•D

Here•@the•@new•@lithological•@division•@is•@proposed•@for•@the•@lwashimizu•@Complex•@in•@Mitsuishi•|Shizunai•@area
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•@Unit
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•@•D1ˆêˆê•@unit•|boundary•@fault•@•inormal•@type•j

•@•@•@•@slice•|boundary•@fault

Fig•D•@30•D•@Tectonostratigraphic•@column•@of•@the•@lwashimizu

Complex•@in•@Mitsuishi•|Shizunai•@area•@•ieast•@wing•F•@based

on•@Pisenai•@Creek•@ˆê•@Futagawa•@River•@ˆê•@Pirashuke•@River•j•D

Lithology•@ornaments•@as•@in•@Fig•D•@29•D•@Labels•@•hftn3•|6•h•@••

•hsz1•|3•h•@indicate•@s•nab•@ID•@•isee•@the•@text•j•D
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based•@on•@assemblage•@of•@constituent•@lithofacies•D•@The•@complex•@is•@divided•@into•@foul•f‚µmits•iShizumai•C

Futagawa•C•@Pirashuke•C•@and•@Mikawa•@Units•j•C•@each•@of•@which•@is•@defined•@by•@unique•@assemblage•@of

lithological•@facies•@showing•@sheet•|like•@distribution•D•@The•@lithological•@facies•@are•@first•@described•C•@then•@the

units•@are•@defined•D

Lithological•@facies

1•C•@Non•|deformed•@greenstone

•@•@•@The•@non•|deformed•@greenstone•@facies•@is•@dominated•@by•@nonˆê•@or•@very•@weakly•@deformed•@greenstones•D

which•@show•@well•|preserved•@eruptive•@or•@sedimentary•@structures•D•@The•@greenstones•@are•@p•ìow•@lava•C

dolerite•C•@pillow•@breccia•C•@and•@hyaloclastite•D•@Hyaloclastite•@occasionally•@shows•@weak•@foliation•D•@Minor

cheit•@and•@limestone•@are•@intercalated•@without•@any•@obvious•@shear•@zone•D

2•D•@Schistose•@greenstone

•@•@•@The•@schistose•@greenstone•@facies•@is•@characterized•@by•@a•@occurrence•@of•@pale•|green•@and•@schistose

greenstone•D•@The•@facies•@is•@composed•@of•@dominant•@greenstones•@with•@minor•@chert•@and•@iimestone•C•@as•@in•@the

non•|deformed•@greenstone•@facies•D•@Although•@original•@structure•@of•@greenstones•@is•@partly•@recognizable•C•@the

greenstones•@show•@various•@degrees•@of•@deformation•D•@Hyaloclastite•@and•@pillow•@breccia•@are•@commonly

f•i•j1iated•Gclasts•@are•@obviously•@flattened•@or•@stretched•D•@P•ìow•@lava•@and•@its•@am•@igdule•Dg•@are•@weakly•@flattened

or•@stretched•D•@Dolerite•@is•@scarcely•@deformed•D

3•D•@Metadolerite•@facies

•@•@•@The•@metadolerite•@facies•@is•@characterized•@by•@the•@occurrence•@of•@metamorphosed•@dolerite•C•@with•@minor

schistose•@hyaloclastite•C•@recrystallized•@chert•C•@and•@rare•@epidote•|amphibolite•D•@Most•@dolerite•@bodies•@are•@not

deformed•C•@and•@characteristically•@contain•@abundant•@epidote•@replacing•@plagioclase•D•@However•C•@is•@some

part•C•@dolerite•@is•@foliated•@or•@cataclastically•@brecciated•D

4•D•@Che•@rt•@ˆê•@tuffaceous•@mudstone•@facies

•@•@•@The•@chert•@ˆê•@tuffaceous•@mudstone•@facies•@consists•@of•@red•@chert•@and•@tuffaceous•@mudstone•D•@Tuffaceous

mudstone•@is•@dominantly•@green•C•@and•@rarely•@red•D•@They•@consist•@mainly•@of•@feldspar•@fragments•D•@radiolarians•C

alld•@matrix•@of•@cryptocrysta•ìne•@felsic•@alld•@clay•@minerals•@which•@partly•@shows•@glass•|shard•@texture•E

Tuffaceous•@mudstone•@conformably•@overlies•@chert•@if•@not•@faulted•D•@They•@are•@well•@stratified•C•@and•@are•@non•|

deformed•@or•@partly•@folded•D

5•D•@Clastics•@facies

•@•@•@The•@clastics•@facies•@consists•@of•@dominant•@sandy•@turbidite•C•@ininor•@muddy•@turbidite•@and•@conglomerate•C
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11•t

•@‡d•@•@ˆê•@ƒS

and•@rare•@pebbly•@mudstone•D•@Though•@stratification•@is•@broken•@by•@deformation•@in•@some•@part•C•@bedding

planes•@commonly•@keep•@continuity•C•@and•@in•@some•@pait•C•@are•@mesoscopically•@non•|deformed•D•@Sandstone•@is

dominantly•@coarse•|grained•C•@and•@contains•@many•@quartz•@and•@feldspar•@particles•D

6•D•@Mixed•@facies•@A

•@•@•@The•@mixed•@facies•@A•@is•@characterized•@by•@a•@complicated•@occurrence•@of•@coarse•@sandstone•@•iand•@sandy

alternation•j•C•@tuffaceous•@mudstone•C•@and•@greenstone•@bodies•D•@Chert•@and•@limestone•@bodies•@are•@rarely

contained•D•@Most•@of•@the•@sandstone•@and•@tuffaceous•@mudstone•@bodies•@are•@notably•@weakly•@consolidated•D

Beside•@their•@bad•@exposure•C•@the•@constituent•@bodies•@show•@distributions•@laterally•@traceable•D•@There•@is•@no

outcrop•@which•@show•@a•@blockˆêˆêin•|matrix•@fabric•@except•@broken•@turbidite•D•@Therefore•C•@the•@mixed•@facies•@A•@is

a•@stack•@of•@slices•@of•@sandstone•C•@tuffaceous•@mudstone•C•@and•@greenstone•D•@Each•@slice•@is•@several•@tens•@meters

thick•C•@and•@presumably•@several•@hundreds•@meter•@long•D•@The•@slices•@are•@internally•@not•@or•@very•@weakly

deformed•D•@Greenstone•@and•@mudstone•@is•@sheared•@and•@foliated•@restrictively•@along•@slice•@boundaries•D•@As

described•@later•C•@the•@facies•@characteristically•@contains•@greenstone•@bodies•@of•@different•@metamorphic

grade•F•@ones•@of•@lawsonite•|albite•@facies•@with•@aragonite•ihigh•|PIT•@type•j•G•@and•@the•@others•@of•@zeolite•@facies•@to

prehnite•|pumpellyite•@facies•@without•@aragonite•@•ilow•@P•^T•@type•j•D

7•D•@Mixed•@facies•@B

•@•@•@The•@mixed•@facies•@B•@is•@characterized•@by•@a•@occurrence•@of•@strongly•@sheared•@and•@foliated•@black

mudstone•C•@some•@of•@which•@are•@accompanied•@by•@sheared•@greenstone•@forming•@a•@layered•@mixture•D

Recrystallized•@chert•C•@tuffaceous•@mudstone•C•@sandstone•C•@and•@greenstone•@bodies•@are•@also•@contained•D•@ln•@the

layered•@niixed•@rock•C•@sheared•@greenstone•@and•@mudstone•@are•@several•@millimeters•@to•@several•@tens

centimeter•@thick•C•@and•@alternate•@each•@other•D•@Such•@feature•@is•@comparable•@with•@the•@•gsumi•Eˆêflow•h•@structure

described•@by•@Kawamura•@et•@al•D•@•i1998•j•D•@Chert•@and•@sandstone•@bodies•@are•@not•@laterally•@traceable•C•@whereas•@a

tuffaceous•@mudstone•@body•@extends•@several•@kilometers•@laterally•D

•@•@•@This•@facies•@is•@interpreted•@as•@a•@broken•@mixture•@of•@greenstone•@and•@chert•@ˆê•@clastic•@sequence•D

8•D•@Mixed•@fa•@cies•@C

•@•@•@The•@mixed•@facies•@C•@is•@characterized•@by•@an•@lithologic•@assemblage•@consisting•@of•@metachert•C•@mafic

schist•C•@and•@rninor•@serpentinite•D•@No•@terrigenous•@clastic•@rocks•@such•@as•@black•@mudstone•@and•@siliciclastic

sandstone•@occur•D•@Metachert•@and•@mafic•@schist•@are•@deformed•C•@are•@cut•@by•@numerous•@shear•@zones•C•@and•@do

not•@shovv•@any•@stratigraphic•@succession•D•@Serpentinite•@is•@composed•@by•@antigorite•C•@brucite•C•@magnetite•C•@and

relict•@chromite•D•@The•@protolith•@of•@serpentinite•@is•@asst•pmed•@as•@dunite•@with•@euhedral•@chromite•@and•@rare

bastite•D

•@•@•@This•@facies•@is•@interpreted•@as•@mixture•@of•@greenstone•@and•@chert•C•@both•@of•@which•@possibly•@comprised•@a
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sedimentary•@sequence•D•@The•@mixture•@also•@contains•@block•@or•@slice•@of•@exotic•@serpentinite•D

Unit•@definition

1•D•@Shizunai•@Unit

Type•@locality•F•@On•@the•@left•@bank•@of•@Shizunai•@Dam•@•iShizunai•@Town•j•C•@typically•@along•@Pisenai

and•@Penkemoshiyoshi•@Creeks•@•iFig•D•@28•j•D

Definition•F•@A•@geological•@complex•@consisting•@ofthe•@non•|deformed•@greenstone•@facies•C•@the•@chert

ˆê•@tuffaceous•@mudstone•@facies•C•@and•@the•@clastic•@facies•D

Lithology•F•@The•@unit•@consists•@of•@alternating•@sheet•@bodies•@of•@greenstone•C•@chert•@•^•@tuffaceous

mudstone•C•@ai•jd•@turbidites•@•iFig•D•@29•j•D•@The•@greenstone•@and•@chert•@•^•@tuffaceous•@mudstone•@slices•@are

almost•@non•|deformed•@internally•C•@and•@turbidites•@are•@weakly•@deformed•C•@or•@occasionally

deformed•@to•@be•@broken•@facies•D•@The•@slices•@are•@cut•@by•@faults•@at•@both•@top•@and•@bottom•C•@or•@comprise

volcano•|sedimentary•@sequence•@with•@other•@slices•D•@Highly•@sheared•@rocks•C•@identical•@to•@the•@mixed

facies•@B•C•@narrowly•@occur•@along•@slice•@boundaries•@•inot•@mappable•j•D

Distribution•F•@The•@Shizunai•@Unit•@occupies•@northwest•@part•@of•@the•@study•@area•C•@i•D•@e•D•@around•@the

Shizunai•@Dani•@Lake•D•@The•@unit•@extends•@northwestward•C•@at•@least•@to•@the•@Nukabira•@River•D•@This•@unit

occupies•@central•@wide•@area•@of•@the•@lwashimizu•@Complex•C•@at•@the•@core•@of•@a•@large•|scale

culmination•@•iFig•D•@27•j•D

Correlation•F•@Correlated•@with•@both•@the•@ldonnappu•@Formation•@and•@part•@of•@the•@lwashimizu

Formation•@•iSuzuki•@et•@al•D•C•@1961•j•D

Remarks•F•@1•@recognized•@the•@lithologic•@assemblage•@consisting•@of•@slices•@of•@non•|deformed

greenstone•C•@chert•C•@and•@coarse•@clastic•@rocks•@along•@Niikappu•C•@Biu•C•@Ribira•C•@and•@Nukabira•@Rivers

•iFig•D•@27•j•D•@They•@are•@thus•@correlative•@with•@the•@type•@Shizunai•@Unit•@of•@the•@study•@area•D•@ln•@the

Shunbetsu•@River•@area•C•@neighboring•@to•@the•@north•@of•@the•@study•@area•C•@a•@lithologic•@assemblage

consisting•@of•@non•|deformed•@greenstone•@facies•@and•@chert•@ˆê•@tuffaceous•@mudstone•@facies•@widely

occur•D•@Though•@it•@contains•@only•@scarce•@clastic•@facies•C•@it•@is•@temporarily•@identified•@as•@a•@variation

Of•@the•@Shizunai•@Unit•D•@The•@Shizunai•@Unit•@assemblage•@is•@most•@dominant•@in•@the•@whole
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Iwaghimizu•@Complex•C•@in•@area•@and•@probably•@also•@in•@volume•D

2•C•@Futagawa•@Unit

Type•@locality•F•@On•@the•@upper•@reaches•@of•@Futagawa•@River•@•ibranch•@ofMitsuishi•@River•j•C•@Mitsuishi

Town•@•iFigs•D•@27•@and•@31•j•D

Definition•F•@A•@geological•@complex•@consisting•@of•@the•@non•|deformed•@greenstone•@facies•@and•@the

mixed•@facies•@B•D

Lithology•F•@The•@unit•@consists•@of•@alternation•@of•@greenstone•@slices•@•inon•|deformed•@greenstone

facies•j•@and•@•ginter•|slice•h•@shear•@zones•@•imixed•@facies•@B•j•@as•@displayed•@in•@Figs•D•@29•@and•@31•@•D•@Original

sedimentary•C•@eruptive•C•@and•@intrusive•@sequence•@is•@preserved•@in•@the•@greenstone•@slices•D•@Whereas

almost•@no•@sedimentary•@sequence•@is•@recognizable•@in•@the•@inter•|slice•@shear•@zones•D•@No•@mappable

chert•@arid•@turbidite•@body•@occur•D

Distribution•F•@The•@Futagawa•@Unit•@mainly•@lies•@at•@the•@central•@part•@of•@the•@study•@area•@•iFig•D•@29•j•D

sedimentary•@structure•@indicate•@that•@the•@Futagawa•@Unit•@structurally•@overlies•@the•@Shizunai•@ILJnit•C

and•@is•@structurally•@overlain•@by•@the•@Pirashuke•@Unit•@•iFig•D•@30•j•D•@The•@Futagawa•@Unit•@al•@so•@occurs•@in

south•@pai•ft•@of•@the•@study•@area•F•@narrow•py•@on•@the•@lower•@reaches•@of•@the•@Futagawa•@River•C•@as•@a•@fenster

among•@the•@Pirashuke•@Unit•@•iFig•D•@29•j•D

Correlation•F•@Correlated•@with•@a•@part•@ofthe•@lwashimizu•@Formation•@•iSuzuki•@et•@al•D•C•@1961•j•D

Remarks•F•@Similar•@lithologic•@assemblages•@are•@observed•@along•@the•@Penkepipi•@Creek•@•ia•@branch•@on•@the•@left

bank•@of•@Shunbetsu•@River•j•C•@lower•@reaches•@of•@Niikappu•C•@Biu•C•@and•@Ribira•@Rivers•D•@ln•@these•@areas•C•@there

occurs•@chert•@bodies•@larger•@than•@ones•@in•@the•@mixed•@facies•@B•@ofthe•@study•@area•D•@lt•@is•@not•@sure•@that•@the•@chert

bodies•@are•@laterally•@continuous•@as•@slices•C•@or•@discontinuous•@as•@bocks•@•^•@lenses•@in•@the•@mixed•@facies•@B•D

There•@seems•@to•@exist•@many•@variations•@in•@scale•@of•@chert•@•^•@tuffaceous•@mudstone•@and•@clastic•@facies•@in•@such

areas•C•@so•@that•@it•@is•@possible•@that•@the•@Futagawa•@and•@Shizunai•@Units•@are•@not•@so•@clearly•@distinguished•@from

each•@other•@as•@the•@study•@area•D

3•D•@Pirashuke•@Unit

Type•@locality•F•@On•@the•@upper•@reaches•@of•@Pirashuke•@River•@•ibranch•@of•@Mitsuishi•@River•j•C

Mitsuishi•@Town•@•iFig•D•@28•j•D
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P••H
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Definition•F•@A•@geological•@complex•@characterized•@by•@the•@occurrence•@ofthe•@schistose•@greenstone

and•@•^•@or•@the•@metadolerite•@facies•D•@The•@mixed•@facies•@B•@and•@C•@additionally•@occur•D

Lithology•F•@The•@unit•@consists•@of•@metabasite•@slices•@•ischistose•@greenstone•@and•@metadolerite

facies•j•C•@and•@commonly•@intercalate•@•ginter•|slice•h•@shear•@zones•@•imixed•@facies•@B•@and•@•^•@or•@C•j•@as

displayed•@in•@Figs•D•@29•@and•@32•D•@Original•@sedimentary•C•@eruptive•C•@and•@intrusive•@sequence•@is

preserved•@in•@the•@metabasite•@slices•@in•@spite•@of•@deformation•D•@Whereas•@almost•@no•@sedimentary

sequence•@is•@recognizable•@in•@the•@inter•|slice•@shear•@zones•D•@No•@mappable•@chert•@and•@turbidite•@body

occur•D

•@•@•@In•@the•@study•@area•C•@the•@Pirashuke•@Unit•@is•@divided•@into•@three•@sub•|units•F•@Pr•|1•C•@Pr•|2•C•@and•@Metadolerite

Subˆêˆêunits•D

•@•@•@The•@Pr•|1•@Sub•|unit•@consists•@of•@the•@schistose•@greenstone•@facies•@and•@mixed•@facies•@C•D•@This•@sub•|units

thus•@does•@not•@contain•@any•@terrigenous•@clastic•@rocks•C•@and•@is•@the•@only•@sub•|unit•@which•@intercalates•@smal•j

serpentinite•@•iFigs•D•@29•C•@32•j•D

•@•@•@The•@Pr•Eˆê2•@Sub•|unit•@is•@composed•@of•@the•@schistose•@greenstone•@facies•@and•@mixed•@facies•@B•C•@thus

contains•@terrigenous•@clastic•@rocks•@•iFig•D•@29•j•D

•@•@•@The•@Metadolerite•@Sub•|unit•@consists•@only•@of•@the•@metadolerite•@facies•D•@This•@sub•|unit•@does•@not•@also

contain•@terrigenous•@clastic•@rocks•@•iFig•D•@32•j•D

Distribution•F•@The•@Pirashuke•@Unit•@structurally•@overlies•@the•@Futagawa•@Unit•C•@and•@is•@structurally

overlain•@by•@the•@Mikawa•@Unit•@•iFigs•D•@29•C•@30•j•D•@The•@unit•@occur•@at•@eastern•C•@southern•C•@and•@western

part•@ofthe•@study•@area•D

Correlation•F•@Correlated•@with•@a•@part•@of•@the•@lwashimizu•@Formation•@•iSuzuki•@et•@al•D•C•@1961•j•D•@Also

correlative•@with•@the•@metabasite•@of•@the•@Horokanai•@ˆê•@Etanbetsu•@area•@•iShibakusa•C•@1989•j•@i•D•@e•D•@the

Horokanai•@Unit•@of•@Sakakibara•@and•@Ota•@•i1994•j•@as•@discussed•@later•D

Remarks•F•@The•@most•@critical•@difference•@between•@the•@Pirashuke•@and•@Futagawa•@Units•@is•@the•@nature•@of

greenstone•@slices•D•@However•C•@there•@Ieft•@a•@problem•@that•@the•@difference•@between•@•gschistose•h•@and•@•gnonˆêˆê

deformed•h•@is•@ambiguous•D•@ln•@the•@field•C•@greenstones•@ofthe•@Futagawa•@and•@Shizunai•@Units•C•@except•@dolerite•C
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green•C•@because•@they•@dominantly•@contain•@the•@hematite•|fi•fee•@assemblages•@such•@as•@lawsonite•@•{•@sodic

Pyroxene•C•@epidote•@•{•@pumpellyite•@etc•D•@•isee•@later•@description•j•C•@Hence•C•@describing•@metamorphic•@minera1
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•@•@•@Lithology•F•@The•@unit•@is•@characterized•@by•@the•@occurrences•@ofmixed•@facies•@A•D•@ln•@the•@type•@locallty•@•iFig•D

33•j•C•@the•@mixed•@facies•@contains•@poorly•@consolidated•@sandstone•@and•@tuffaceous•@mudstone•@bodies•C•@as

much•@as•@metamorphosed•@greenstone•@bodies•D•@At•@the•@left•@slope•@of•@the•@Pirashuke•@River•C•@the•@mixed•@facie

contains•@a•@zeoliteˆê•@and•@prehniteˆê•@bearing•@greenstone•@body•@of•@several•@hundred•@meters•@diameter•D

•@•@•@Distribution•F•@The•@Mikawa•@Unit•@lies•@at•@the•@eastern•@margin•@of•@the•@lwashimizu•@Complex•@•iFig•D•@29•j•D

The•@unit•@structurally•@overlies•@the•@Pirashuke•@Unit•C•@and•@is•@structurally•@overlain•@by•@the•@Nitarachi
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30•G•@see•@Chapter•@IV•j•D
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1•C•@Slab•|stack•@structure

•@•@•@Most•@of•@mappable•@greenstone•@bodies•@are•@jaterally•@traceable•@for•@several•@kilometers•@•iFigs•D•@30•|32•j•D

Each•@mixed•@facies•@B•@or•@C•C•@in•@vvhich•@constituent•@lithofacies•@are•@sheared•C•@also•@has•@distributions•@laterally

traceable•@as•@a•@whole•D•@ln•@the•@Shizunai•@Unit•C•@the•@chert•@ˆê•@tuffaceous•@mudstone•@facies•@and•@the•@clastic•@facies

display•@sheet•|like•@distribution•D•@These•@occurrences•@indicate•@that•@each•@unit•@in•@the•@lwashimizu•@Complex•@is

regarded•@as•@an•@alternating•@stack•@of•@sheet•@bodies•@internally•@nearly•@coherent•@•inon•|deformed•@greenstone•D

schistose•@greenstone•C•@chert•@ˆê•@tuffaceous•@mudstone•C•@and•@ciastic•@facies•j•@and•@shear•@zone•@•imixed•@facies•j•C

bounded•@by•@faults•D•@This•@slab•|stack•@structure•@is•@considered•@as•@one•@of•@the•@fundamental•@structure•@of•@the

Iwashimizu•@Complex•D•@which•@arranges•@the•@constituent•@lithofacies•D•@The•@slab•|stack•@structures•@are•@cut•@and

bent•@by•@the•@other•@structures•@described•@below•D

•@•@•@In•@the•@Pirashuke•@River•@area•C•@mapping•@along•@near•|parallel•@several•@streams•@allovvs•@us•@to•@describe

detailed•@distribution•@of•@greenstones•@and•@dividing•@mixed•@facies•@•iFig•D•@32•j•@in•@the•@Pirashuke•@Unit•@•iPr•|1
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The•@extending•@trends•@of•@both•@facies•@are•@oblique•@to•@the•@general•@trend•@of•@the•@Pirashuke•@Unit•@•iparallel•@to

the•@unit•@boundary•@with•@the•@Mikawa•@Unit•@•j•D•@This•@distribution•@suggests•@that•@the•@Pr•|1•@Sub•|unit•@is•@regarded
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•@•@•@The•@units•@are•@bounded•@by•@the•@faults•@sub•|parallel•@to•@the•@trend•@of•@slices•@and•@bedding•@planes•D•@Hanging

p•ìow•@lava•C•@graded•@turbidite•C•@and•@clustered•@amigdules•@in•@ceiling•@of•@large•@p•ìows•@and•@dolerite•@sills•C•@all

indicate•@that•@the•@four•@units•@face•@normally•D•@Therefore•C•@the•@Shizunai•C•@Futagawa•C•@Pirashuke•C•@and•@Mikawa

Units•@comprise•@a•@structural•@pile•@in•@ascending•@order•C•@bounded•@by•@the•@bedding•|subparallel•@unit•|boundary

faults•D

•@•@•@Along•@the•@lower•@reaches•@of•@the•@Futagawa•@River•@in•@south•@part•@of•@the•@study•@area•C•@non•|deformed

greenstones•@of•@the•@Futagawa•@Unit•@occur•@as•@a•@fenster•C•@among•@the•@Pirashuke•@Unit•@•iPr•Eˆê2•@Sub•|unit•j•D

Bedding•@plane•@and•@foliation•@of•@greenstones•@and•@mixed•@facies•@in•@both•@units•@gently•@dip•@•iO•|300•j•D•@This

occurrence•@suggests•@that•@the•@unit•|boundary•@fault•@between•@the•@Pirashuke•@and•@Futagawa•@Units•@originally

near•@horizontal•C•@and•@then•@tilted•@to•@dip•@35•@to•@700•@as•@seen•@in•@the•@middle•@to•@northern•@part•@ofthe•@study•@area•D

•@•@•@The•@lwashimizu•@Complex•@is•C•@therefore•C•@regarded•@as•@a•@pile•@of•@nappe•@•i••units•j•@folded•@together•@in•@later

stage•C
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3•D•@Map•|scale•@folds

•@•@•@The•@pile•|nappe•@structure•@is•@folded•@by•@anterooms•@and•@syndromes•D•@The•@most•@typical•@fold•@structure•@is

recognized•@by•@the•@route•@map•@along•@upper•@reaches•@of•@Futagavva•@River•@•iFig•D•@31•j•D•@ln•@this•@area•C•@a

greenstone•@slice•@of•@the•@Futagawa•@Unit•@•ilabeled•@as•@ftn3•@in•@Fig•D•@31•j•@is•@well•@laterally•@traceable•D•@Bedding

P1•Ene•E•Efp•ì•Ew•@lava•@and•Ehe1•¡•Ea•Ed•@i•Et•Eu•Eive•@b•Eu•Eda•Ei•cfd•Ei•E•Eit•E•EiH•Ei•Ethe•Elice•Et•Eike•@nea•Ely•EN•|S

and•@dip•@east•@with•@eastward•|facing•@in•@northern•@area•C•@whereas•@it•@strikes•@E•|W•@to•@NW•|SE•@and•@dip•@south

with•@southward•|facing•@in•@southern•@area•D•@At•@the•@junction•@of•@both•@trends•@on•@the•@Futagawa•@Forestry•@Road•C

a•@gradual•@change•@in•@strike•@of•@the•@intrusive•@boundary•@between•@a•@dolerite•@sill•@and•@pillow•@lava•@•^•@chert•f•@is

recognized•D•@Accompanying•@mixed•@facies•@sheets•@and•@the•@other•@greenstone•@slices•@also•@show•@the•@same

trend•D•@These•@trends•@indicate•@an•@existence•@of•@SE•|plunging•@fold•@axis•C•@forming•@an•@anticline•D

•@•@•@An•@anticline•@is•@also•@recognized•@along•@the•@lower•@reaches•@of•@the•@Futagawa•@River•D•@ln•@this•@area•C

bedding•@plane•@of•@normally•@facing•@pillow•@lavas•@•ifenster•@of•@the•@Futagawa•@Unit•j•@gradually•@changes•@fi•fom

NW•|dipping•@in•@the•@west•@to•@NE•|dipping•@in•@the•@east•C•@indicating•@an•@existing•@of•@probably•@north•|plunging

anticline•D•@Pelitic•@rocks•@ofthe•@mixed•@facies•@B•@overlie•@these•@p•ìow•@lavas•@at‚íotll•@sides•D

•@•@•@Along•@Mitsuishi•@River•C•@a•@non•|deformed•@greenstone•@slice•C•@a•@mixed•@facies•@A•@sheet•@•iboth•@belonging

to•@the•@Mikawa•@Unit•j•C•@and•@the•@metadolerite•@facies•@•iPirashuke•@Unit•j•@together•@show•@a•@•gZ•hˆêshaped•@and

hook•|like•@fold•@structure•@•iFig•D•@29•j•D•@Strike•@of•@foliation•@in•@the•@mixed•@facies•@A•@changes•@from•@NS•@through

NE•|SW•@to•@NS•C•@from•@north•@to•@south•D

•@•@•@Along•@Pankemoshiyosi•@Creek•C•@a•@branch•@of•@Shizunai•@River•C•@a•@non•|deformed•@greenstone•@slice•@of•@the

Shizunai•@Unit•C•@consisting•@of•@dolerite•@sills•@and•@intercalated•@chert•C•@show•@a•@map•|scale•@bending•@structure•F

SE•|dipping•@in•@the•@east•C•@and•@SW•|dipping•@in•@the•@west•D•@Because•@this•@greenstone•@slice•@is•@overturned•C•@the

bending•@structure•@is•@therefore•@a•@south•|plunging•@antiforin•D

•@•@•@By•@the•@former•@three•@fold•@structures•C•@the•@unit•|boundary•@fault•@between•@the•@Futagawa•@and•@Pirashuke

Units•@are•@consistently•@bent•D•@The•@fold•@structure•@along•@Mitsuishi•@River•@area•@seems•@to•@confine•@the

distri•fbution•@of•@the•@Lower•@Yezo•@Group•C•@which•@occur•@only•@in•@the•@south•@from•@the•@fold•D•@The•@unconformity

at•@base•@of•@the•@Middle•@Yezo•@Group•C•@described•@in•@the•@next•@chapter•C•@cuts•@this•@fold•@structure•D•@Hence•C•@this

fold•@structure•@is•@considered•@to•@have•@formed•@after•@the•@formation•@ofthe•@unit•@boundary•@and•@sedimentation

of•@the•@Lower•@Yezo•@Group•C•@and•@before•@the•@basal•@unconformity•@event•@of•@the•@Middle•@Yezo•@Group•@•ii•Ce•D

formed•@during•@Barremian•|Albian•@time•C•@see•@the•@chapter•@III•j•D

4•D•@Later•@faults

•@•@•@Several•@types•@of•@later•@faults•C•@which•@intercalate•@clay•@and•^or•@gouge•C•@are•@recognizable•C•@though•@they•@are

not•@systematically•@described•D

•@•@•@The•@mŒùor•@and•@mappable•@faults•@are•@striking•@NW•|SE•@to•wNNW•|SSE•EAlong•@these‰¾1ts•Ethe

Iwashimizu•@Complex•@overlies•@the•@Middle•@Yezo•@Group•@and•@the•@Miocene•@Nishikawa•@Formation•C•@ln•@the
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southwest•@part•@of•@the•@study•@area•C•@slicken•@lines•@•iN6E30S•j•@and•@Riedel•fs•@shear•@•iN•@12W57W•j•@on•@in•@fauit

gouge•@•iY•Eˆêsurface•F•@N52W68S•j•@between•@the•@lwashimizu•@Complex•@and•@Miocene•@sediments•@indicate•@that

tlle•@fbrmer•@relatively•@overrides•@the•@latter•@with•@dextral•@slip•@compollellt•D•@There•@are•@many•@millor•@fa‚µtlts

which•@show•@the•@same•@trend•D•@The•@unit•|boundary•@fault•@between•@the•@Pirashuke•@and•@Mikawa•@Units

generally•@strikes•@N•|S•@to•@NNW•EˆêSSE•C•@and•@intercalates•@gouge•@and•@clays•@in•@several•@outcrops•D•@Hence•D•@it

may•@have•@been•@re•|activated•@since•@Miocene•D

•@•@•@Though•@only•@sporadically•@observed•C•@NE•|SW•@striking•@dextral•@fa‚µilts•@and•@NW•|SE•@striking•@sinistral

faults•@seem•@to•@occur•C•@both•@of•@which•@possibly•@comprise•@a•@co1‰Ágate•@set•D

5•D•@Tectonostratigraphic•@framework

•@•@•@Map•|scale•@structures•@described•@above•@lead•@the•@original•@tectonostratigraphic•@framework•@of•@the

Iwashimizu•@Complex•D•@The•@slab•Eˆêstack•@structure•@and•@the•@pile•|nappe•@structure•@show•@that•@the•@lwashimizu

Complex•@is•@regarded•@as•@a•@multiple•@tectonic•@pile•F•@the•@first•@order•@stack•@of•@greenstone•C•@chert•|tuffaceous

mudstoi•je•C•@and•@clastic•@slices•@bounded•@by•@mixed•@faces•C•@together•@forming•@the•@lithologic•@units•G•@and•@the

second•@order•@pile•@ofthese•@units•@bounded•@by•@initially•@near•Eˆêhorizontal•@unit•Eˆêboundary•@faults•D

•@•@•@According•@to•@facings•@of•@both•@greenstone•@and•@clastic•@rocks•C•@the•@Shizunai•C•@Futagawa•C•@Pirashuke•C•@and

Mikawa•@Units•@comprising•@a•@tectonostratigraphic•@succession•@in•@ascending•@order•@•ifrom•@structurally

bottom•@to•@top•j•C•@which•@can•@be•@typically•@displayed•@as•@an•@apparent•@columnar•@section•@•iFig•D•@30•j•@from•@route

maps•@along•@Pisenai•@Creek•@ˆê•@branches•@of•@Pirashuke•@River•@ˆê•@Mitsuishi•@River•@routes•@•ion•@the•@east•@wing•@of

the•@major•@antiform•j•D

•@•@•@This•@tectonostratigraphic•@succession•@is•@folded•C•@generally•@forming•@a•@•ghalf•|dome•h•@structt•pre•@in•@the

study•@area•D•@The•@compiled•@geologic•@map•@of•@the•@whole•@lwashimizu•@Complex•@•iFig•D•@27•j•C•@partly•@and

preliminarily•@mapped•@by•@tliis•@study•C•@implies•@that•@constituent•@lithofacies•@of•@lwashimizu•@Complex•@are

arr‹úiged•@displaying•@a•@culmination•ii•De•D•@a•@dome•@structure•jas•@a•@whole•C•@though•@there•@seem•@to•@be•@mally

internal•@folds•D•@The•@Pirashuke•@Unit•@equivalents•@•imafic•@schist•j•@generally•@occur•@along•@the•@margin

•istructurally•@upper•@horizon•j•@of•@the•@culmination•C•@and•@non•|deformed•@greenstones•@of•@the•@Shizunai•|

Futagawa•@Units•@equivale‘Ïs•@occur•@in•@the•@centra•zwide•@part•istructurally•@lower•@horizon•jofthe•@complex•D

The•@Mikawa•@Unit•@equivalents•@are•@currently•@recognized•@only•@along•@the•@eastern•@margin•@•istructurally•@top•j

of•@the•@complex•D•@Such•@distributions•@are•@likeiy•@to•@be•@consistent•@with•@the•@tectonostratigraphic•@framework

constructed•@from•@the•@studied•@Mitsuishi•|Shizunai•@area•D•@Stratigraphic•@relations•@with•@surrounding

sedimentary•@sequences•@also•@support•@this•@structural•@frainework•F•@the•@east•|facing•@Middle•@Yezo•@Group

unconformably•@overlies•@the•@lwashimizu•@Complex•@long•@the•@eastern•@edge•@of•@the•@complex•@•isee•@Chapter

III•j•G•@and•@the•@west•|facing•@Miocene•@Nishikawa•@Formation•@overlies•@the•@complex•@with•@steeply•@dipping

unconformable•@boundary•@along•@the•@western•@wedge•D•@Therefore•C•@the•@surrounding•@sequences

stratigraphically•@contact•@only•@vvith•@the•@structurally’@per•@horizons•@of•@the•@Iwashimizu•@Complex•D
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Radiolarian•@ages

•@•@•@Radiolarian•@fossils•@were•@extracted•@from•@mudstQne•@and•@chert•@samples•@from•@11•@localities•@in•@the

Iwashimizu•@Complex•@•iFigs•@27•@and•@28•j•D•@Four•@samples•@were•@collected•@from•@the•@Shizunai•@Unit

equivalents•@exposed•@along•@Niikappu•@River•@•iFig•D•@27•j•C•@the•@north•@extent•@of•@the•@study•@area•D•@The•@rests•@are

from•@the•@study•@area•@•iFig•D•@28•j•C•@two•@of•@which•@from•@the•@Futagawa•@Unit•C•@and•@three•@samples•@fi•fom•@the

Mikawa•@Unit•D•@Radiolarians•@were•@also•@extracted•@from•@greenish•@mudstones•@contacting•@with•@an•@isolated

greenstone•@body•@in•@the•@Nitarachi•|Yezo•@Sequence•@•iFig•D•@27•j•C•@which•@is•@considered•@to•@be•@the•@Mikawa•@Unit

equivalents•D

•@•@•@Chipped•@samples•@were•@etched•@in•@2•|5•@O•^o•@HF•@solution•@for•@12•|24•@hours•D•@The•@residue•@was•@collected

using•@•”35•@and•@•”330•@sieves•C•@then•@vvas•@boiled•@in•@H202•@and•@HCI•@solutions•D•@Handpicked•@radiolarian•@tests

were•@observed•@under•@SEM•D•@ldentified•@taxa•@are•@listed•@in•@Table•@5•C•@and•@selected•@SEM•@photographs•@of

which•@are•@shown•@in•@Figs•@34•@and•@35•D•@The•@obtained•@fossil•@ages•C•@with•@ages•@previously•@reported•@in

literatures•C•@are•@compiled•@in•@Fig•D•@36•D

1•D•@Shizunai•@Unit

•@•@•@The•@sample•@2kO801•|5•@is•@from•@a•@green•@tuffaceous•@mudstone•@bed•@•ica•D•@40cm•@thick•j•C•@intercalated•@in

mesoscopically•@non•|deformed•@mudstone•@vvith•@siliciclastic•@sandstone•@laminae•@•imuddy•@turbidite•j•@of•@the

clastic•@facies•D•@The•@siliceous•@mudstone•@yields•@radiolarians•F•@CecroLps•@septenrporattts•@and

HemicryptocaLpsa•@caLpita•D•@According•@to•@Sanfilippo•@and•@Riedel•@•i1985•j•@and•@Schaaf•@•i1985•j•C•@C•D

septemporatus•@r•fanges•@fi•fom•@late•@Valanginian•@to•@early•@Barremian•C•@and•@H•D•@capita•@from•@late•@Valanginian

to•@Hauterivian•D•@The•@age•@of•@this•@siliceous•@mudstone•@is•@thus•@concluded•@to•@be•@late•@Valanginian•@ˆê•@eariy

Barremian•C•@and•@probably•@constricted•@to•@late•@Valanginian•@ˆê•@Hauterivian•D•@This•@is•@the•@first•@report•@of•@well•|

defined•@fossil•@age•@from•@terrigenous•@clastic•@rock•@in•@the•@Kamuikotan•@Zone•D

•@•@•@The•@sample•@2kO801•|4B•@is•@green•@tuffaceous•@mudstone•@stratigraphically•@overlain•@by•@terrjgenous

clastic•@rocks•@from•@which•@2kO80ƒŒ5•@was•@taken•D•@The•@locality•@is•@identical•@to•@the•@loc•D110•D20f•@Watallabe

alld•@Maekawa•i1985•j•D•@It•@contains•@poorly•@preserved•@radiolarians•@including•@Pseudodic‚è20•V7•f‚©•B•Vztda•C

which•@ranges•@from•@Valanginian•@to•@Aptian•@•iJud•C•@1994•j•D•@Though•@this•@sample•@does•@not•@contain•@any•@index

species•C•@it•@is•@considered•@as•@Lower•@Cretaceous•C•@and•@considered•@as•@Valanginian•|Hauterivian•@to•@take•@the

stratigraphic•@relation•@with•@2kO801•|5•@into•@account•D

•@•@•@The•@sample•@2kO801•|13C•@yields•@latest•@Jurassic•@to•@Early•@Cretaceous•@radiolarians•F•@Pantanelliztm

sguinaboli•C•@Sethocapsa•@uterculus•C•@Alieviztm•@helenae•C•@but•@does•@not•@contain•@any•@short•|ranged•@species•D

•@•@•@The•@sample•@2kO725•|15B•@is•@takell•@fi•Žm•@a•@bedded•@chert•@slice•C•@which•@structurally•@overlying•@p•ìow

lava•@with•@minor•|fault•@contact•D•@The•@chert•@intercalates•@reworked•@hyaloclastite•@beds•@within•@1•@•D5m•@above
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Table•@5•D•@List•@of•@radiolarian•@fossils•@from•@the•@lwashimizu•@Complex•D
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ka•V7inogoensis•C•@hence•@is•@considered•@as•@same•@age•@as•@the•@sample•@98050ƒg1D•C

•@•@•@The•@sample•@980601•|11•@is•@green•@tuffaceous•@mudstone•@intercalated•@in•@weakly•@deformed•@sandy

alternation•@of•@sandstone•@and•@mudstone•D•@The•@sample•@also•@yields•@H•D•@capita•@and•@S•D•@kaminogoensis•C•@and•@is

thus•@considered•@to•@be•@upper•@Valanginian•@to•@Hauterivian•@as•@the•@other•@samples•@described•@above•D

4•D•@Around•@greenstone•@body•@in•@the•@Eastern•@Yezo•@Zone

•@•@•@The•@sample•@990506•|6•@is•@green•@claystone•@without•@any•@coarse•@terrigenous•@particles•D•@lt•@contacts•@with

an•@isolated•@greenstone•@body•@•iless•@than•@10m•@thick•j•@in•@the•@Yezo•@Supergroup•@by•@a•@minor•@fault•@•iFig•D•@37d•j•C

The•@greenstone•@is•@a•@depleted•@tholeiite•@•isample•@M25•F•@see•@later•@section•j•D•@This•@claystone•@yields•@well•|

preserved•@rad•@iolarians•@inc1‚µiding•@141•ŽhaeodicƒŠƒm•B•V7•f•V•Eo•@apiarium•Cƒm–]•D•@sorzz•fkii•Cƒm–]1•Žhoeospongol“••Ez•‰17z•V77

imlajvi•C•@Cinguloturris•@carpatica•C•@Em•@iluvia•@c•’•@nana•C•@Parahsztum•@s•@p•D•C•@Paronaella•Cpjygmaea•C•@Traj7slas•fuum

brevicostatum•C•@and•@Zhamoidellum•@ovum•D•@Accord•@ing•@to•@Baumgartner•@et•@al•D•@•i1995•j•C•@A•D•@ajviarium•@first

appears•@in•@middle•@Callovian•@ˆê•@early•@Oxfordian•C•@C•@carpatica•@ranges•@from•@late•@Bathonian•@to•@early

Tithonian•C•@E•C•@nana•@from•@middle•@Bathonian•@to•@late•@Oxfordian•C•@P•D•@ipygmaea•@from•@late•@Bathonian•@to•@late

Oxfordian•C•@T•D•@brevicostatum•@from•@middle•@Bajocian•@to•@early•@Tithonian•C•@and•@Z•@ovorm•@from•@late

Oxfbrdian•@to•@early•@Tithonian•D•@According•@to•@Aita•i1987•j•Cƒmi1•D•@szlzukii•@ranges•@fi•fom•@Calloviall•@to•@Oxfbrdia11•D

Thus•C•@the•@claystone•@is•@concluded•@to•@be•@Late•@Jurassic•@•iOxfordian•j•D

•@•@•@The•@sample•@990506•|7A•@is•@green•@tuffaceous•@mudstone•@contacting•@with•@the•@greenstone•@without•@any

obvious•@slip•@surface•C•@at•@the•@opposite•@side•@of•@the•@contact•@with•@the•@green•@claystone•@•i990506•|6•j•D•@The

tu•@ffaceous•@mudstone•@thrusts•@over•@the•@ove1‰Árlled•@turbidite•@beds•@of•@the•@Lower•@Yezo•@Group•C•@together

with•@the•@greenstone•D•@This•@mudstolle•@yieldsƒ‹‰¾•ã•fsus•V7ediodilatalus•@and•@Sethoccrpsa•@cf•@ka•V7inogoe•C7siS•D

The•@last•@occurrence•@of•@M•D•@mediodilatatus•@is•@in•@the•@Hauterivian•@•iSanfi•@lippo•@•••@Riedel•C•@1985•j•C•@and•@the

first•@appearance•@of•@S•D•@kaminogoensis•@in•@the•@Berriasian•@•iAita•@•••@Okada•C•@1986•G•@Jud•C•@1994•j•D•@Thus•C•@the

mudstone•@is•@considered•@to•@be•@lower•|Lower•@Cretaceous•@•iBerriasian•@ˆê•@Hauterivian•j•D
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Mode•@of•@occurrence•@and•@petrology•@of•@greenstones

Mode•@of•@occurrence

1•D•@Shizunai•@Unit

•@•@•@The•@Shizunai•@Unit•@in•@the•@study•@area•@contains•@three•@sheet•@bodies•@of•@the•@non•|deformed•@greenstone

facies•@•iFigs•D•@29•C•@30•j•D•@They•@are•@labeled•@as•@szl•C•@sz2•C•@and•@sz3•@in•@descending•@order•@•ifrom•@top•@to•@bottom•j•D

Each•@greenstone•@sheet•@is•@several•@hundred•@meters•@thick•@and•@laterally•@traceable•@for•@3•@km•@•iprobably

more•j•D

•@•@•@The•@sheet•@sz3•@consists•@of•@vesicular•@pillow•@Iava•@and•@hyaloclastite•C•@with•@dolerite•@s•ìs•@several•@meters

thick•D•@Hanging•@pillow•@lavas•C•@and•@clustered•@amigdules•@along•@the•@ceiling•@of•@dolerite•@sill•@and•@large•@pillow

tube•@also•C•@indicate•@them•@facing•@southeast•D•@This•@slice•@is•@cut•@by•@faults•@on•@both•@top•@and•@bottom•D

•@•@•@The•@sheet•@sz2•@consists•@of•@dolerite•@sill•@swarm•@interbedded•@with•@cheit•@•iFig•D•@38•j•D•@This•@greenstone

sheet•C•@a•@chert•@ˆê•@tuffaceous•@mudstone•@sheet•C•@and•@a•@clastic•@sheet•@consists•@of•@sandy•@turbidite•@together•C

cbmprise•@a•@greenstone•@ˆê•@chert•@ˆê•@clastic•@sequence•C•@middle•@part•@of•@which•@has•@been•@reported•@by•@Hori•@••

Sakakibara•@•i1994•j•@as•@the•@•gPisenai•|zawa•@chert•|clastic•@sequence•h•D•@The•@most•@typical•@and•@complete

lithologic•@succession•@can•@be•@observed•@along•@Penkemoshiyoshi•@Creek•C•@a•@branch•@of•@Shizunai•@River•D

Along•@the•@Penkemoshiyoshi•@Creek•C•@at•@least•@11•@dolerite•@sills•C•@each•@of•@which•@is•@1•D5•@to•@25•@m•@thick•C•@are

recognizable•D•@The•@dolerite•@sills•@are•@non•|vesicular•C•@and•@commonly•@have•@chilled•@margin•D•@The•@interbedded

chert•@beds•@are•@brown•C•@red•C•@white•C•@or•@light•Eˆêgreen•@colored•C•@occasionaily•@intercalates•@red•@to•@purplish•|

brown•@claystone•D•@ln•@the•@upper•@horizons•@of•@the•@greenstone•@sheet•C•@a•@fevv•@beds•@of•@revvorked•@hyaloclastite

are•@intercalated•@in•@cheit•@and•@accompanying•@claystone•@•iFigs•D•@37a•|c•j•D•@The•@hyaloclastite•@beds•@are•@sharp•|

based•C•@normally•@graded•C•@and•@with•@laminae•D•@Two•@hyaloclastite•@beds•@are•@intercalated•@in•@chert•C•@in•@ca•D•@5•@m

upper•@horizon•@f•z•Eom•@wh“Ÿcll•@Hori••Sakakibara•i1994•jreported•@Late•@Triassic•@radiolarian•@fbssiIs•D•@These

occurrences•@indicate•@that•@the•@dolerites•@intruded•@into•@Triassic•@chert•@and•@hyaloclastite•@sequence•D•@Graded

beds•@of•@both•@sandy•@turbidite•@and•@hyaloclastite•@indicate•@that•@the•@whole•@greenstone•@ˆê•@cheit•@ˆê•@clastic

sequence•@is•@overturned•@facing•@to•@the•@northwest•D•@The•@stratigraphic•@base•@•istructural•@top•j•@of•@the•@sz2•@sheet

is•@cut•@by•@a•@fault•C•@contacting•@with•@another•@clastic•@slice•D

•@•@•@The•@sz3•@sheet•@occurs•@at•@the•@northwestern•@end•@of•@the•@studied•@area•C•@and•@consists•@of•@partly•@vesicular

Iava•D•@Though•@this•@greenstone•@is•@temporarily•@classifies•@as•@non•|deformed•@greenstone•C•@cataclastic

defbrmatioll•@is•@internaliy•@observed•C•@and•@limestone•@bŠŽocks•@are•@contained•D

•@•@•@In•@the•@Shizunai•@Unit•C•@there•@also•@occur•@minor•@sheared•@greenstones•C•@tectonically•@mixed•@with•@sheared

mudstone•C•@as•@the•@mixed•@facies•@B•D•@Such•@sheared•@greenstones•@occur•@along•@or•@near•@slice•|boundaries•C•@non

of•@which•@is•@mappable•D
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•m••ƒR•Ehert

•mllilllililg•@doierite

Œ¯ reworked•@hyaloclastite
intercaiation

100•@m

o

Fig•D•@38•D•@Columnar•@section•@ofthe•@full•|membered

Pisenaiˆê•Ezawa•@chert•|clastic•@sequence•@along

Penkemoshiyoshi•@Creek•C•@branch•@of•@Shizunai•@River•D
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•@•@•@•@•@•@1•D•Dˆê•f•æ•E•E•D•D•D•F•f•v

•@•@•@•@Futagawa•@Unit

•@•@•@Greenstones•@in•@the•@Futagawa•@Unit•@occur•@as•@fault•|bounded•@sheets•@•islices•j•@of•@the•@non•|deformed

greenstone•@facies•C•@and•@also•@as•@small•|scale•@blocks•C•@lenses•C•@fragments•C•@and•@sheared•@layers•@in•@the•@mixed

facies•@B•@•iFig•D•@31•j•D

Non•|deformed•@greenstone•@slices•F•@Totally•@six•@greenstone•@slices•@are•@recognizable•@in•@the•@upper•@reaches

of•@Futagawa•@River•C•@and•@are•@labeled•@as•@ftn•@l•@to•@ftn6•@in•@descending•@order•@•ifrom•@structurally•@top•@to•@bottom•F

Fi•Dor•D•D•@30•j•D•@All•@of•@the•@greenstone•@sheets•@normally•@face•@east•@or•@south•C•@and•@are•@bounded•@by•@faults•@both•@at

each•@top•@and•@bottom•D•@These•@greenstone•@slices•@are•@150•@to•@over•@370•@m•@thick•C•@and•@laterally•@traceable•@for

max•D•@7•@km•@•iFig•D•@29•j•D

•@•@•@The•@most•@well•@exposed•@and•@traceable•@slice•@is•@the•@ftn3•@slice•@•iFig•D•@31•j•D•@This•@slice•@is•@characteristically

composed•@of•@close•|packed•@pillow•@lavas•@•iFigs•D•@39a•C•@b•j•C•@dolerite•@sills•C•@and•@chert•@beds•@•iFigs•D•@39•@c•C•@d•j•D

Pillow•@structures•@are•@well•@preserved•C•@and•@even•@corrugation•@on•@the•@tube•@surface•@is•@observed•@in•@an

outcrop•@•iFig•D39b•j•j•D•@Lavas•@are•@mostly•@nolƒgor•@weakly•@vesicular•D•@Chert•@beds•@are•@red•@to•@browll•@colored•C

accompallied•@by•@brown•@claystone•D•@Dolerite•@s•ìs•@are•@l•@to•@more•@than•@45•@m•@tllick•D•@Amigdules•@are

clustered•C•@occasionally•@with•@flow•@structure•C•@along•@the•@ceiling•@of•@sills•@more•@than•@30m•@thick•D•@These

dolerites•@occasionally•@contains•@chert•@•iand•@rarely•@micritic•@iimestone•j•@xenoliths•D•@liitrusive•@boundaries

between•@dolerite•@s•ìs•@and•@che1•¡beds•@are•@commo111y•@observed•Fdolerites•@have•@chmed•@margills•C•@and

occasionally•@chert•@beds•@also•@show•@baked•@margins•D•@Intrusive•@boundary•@between•@dolerite•@and•@pillow•@lava

is•@also•@observed•D•@These•@occurrence•@indicate•@that•@the•@dolerite•@s•ìs•@intruded•@into•@all•@alternation•@of•@pillow

lavas•@and•@chert•@beds•C•@and•@the•@three•@lithofacies•@comprises•@a•@single•@stratigraphic•|intrusive•@sequence•@•iFig•D

40•j•D•@There•@are•@three•@horizons•@in•@this•@sequence•@where•@dolerite•@sills•@intruded•C•@and•@these•@horizons•@are

lateraily•@traceable•@as•@key•@horizons•D

•@•@•@The•@ftn4•@greenstone•@sheet•@is•@also•@characteristic•C•@though•@it•@is•@not•@vvell•@exposed•D•@This•@sheet•@consists

mainly•@ofwell•|vesicular•@p•ìow•@lava•@and•@hyaloclastite•C•@intruded•@by•@a•@few•@and•@thin•@dolerite•@sills•D•@About

the•@middle•@horizon•@of•@the•@sheet•C•@a•@reworked•@limestone•@bed•@containing•@clinoid•@fragments•C•@more•@than•@5

m•@thick•C•@is•@intercalated•@in•@reworked•@hyaloclastite•D

•@•@•@The•@ftn•@l•@slice•@consists•@of•@vesicular•@pillow•@lavas•D•@The•@ftn•@l•C•@ftn2•C•@and•@ftn5•@slices•@are•@composed•@of

close•|packed•@pillow•@lavas•@similar•@to•@the•@ftn3•@sheet•D•@The•@ftn6•@consists•@of•@nonˆê•@to•@moderately•@vesicular

p•ìow•zava•@with•@minor•@hyaloclastite•C•@and•@intruded•@by•@a•@dolerite•@sill•@ill•@northem•@area•D
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area•C•@there•@occurs•@a•@greenstone•@body•@•ilabeled•@as•@fts•@l•j•@composed•@of•@nonˆê•@and•@very•@weakly•@vesicular

piliow•zava•D•@Large•@lobes•@more•@than•@2•@m•@wide•@are•@observable•@amollg•@the•@p•ìow•@lavas•C

Mixed•@facies•@sheets•F•@There•@are•@at•@least•@six•@sheets•@of•@the•@mixed•@facies•@B•D•@There•@is•@no•@significant

difference•@in•@Iithology•@among•@these•@sheets•D•@The•@thickest•@sheet•@•ica•D•@450m•@thick•j•@occurs•@structurally
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•C•@Futa•Ccr•Cv•D•Dawa•@Unit•D

•ia•jHanging•@p•ìow•@lava•@indicac•@ting•@normal•@facing•D•@Alollg•@a•@bl•œanch•@of•@Futagawa•@River•D•ib•jAp•ìow•@tube

preserving•@corrugation•@on•@its•@surface•D•@Along•@a•@branch•@of•@Futagawa•@River•D•@•ic•C•@d•j•@lntrusive•@boundar•„t•@between

chert•@and•@dolerite•@sill•D•@Both•@chilled•@margin•@and•@baked•@margin•@are•@observable•D•@amigdules•@clusters•@near•@the

ce•ìng•@ofthe•@s•ì•DAlollg•@the•@Futagawa•@Forestry•@Road•D•ie•jTypical•@layered•@mixed•@fabric•@ofsheared•@greƒ¿1stolle

alld•@mudstone•D•@Along•@a•@branch•@of•@Futagawa•@River•D•if•jAfloating•@block•@ofgreenstone•|m‚µIdstolle•@mixed•@rock•B

Pillow•@structure•@•iwith•@coolingjoints•j•@is•@preserved•@in•@deformed•@greenstone•D•@Sheared•@mudstone•@and•@greenstone

show•@an•@asymmetric•@defo•G•fmation•@fabric•@•iIeft•|up•@sense•@S•|C•@structure•j•D•@Along•@the•@lower•@reaches•@of•@Futagawa

River•D
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Fig•D•@40•D•@Columnar•@sections•@ofthe•@ftn3•@greenstone•@slice•@and•@overlying•@mixed•@facies•@B•@ofthe•@Futagawa•@Unit•D

Route•@•ia•j•F•@branch•@of•@Futagawa•@River•G•@and•@route•@•ib•j•F•@along•@Futagawa•@River•@and•@the•@Futagawa•@Forestry•@Road

•isee•@Fig•D•@31•j•D
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above•@the•@ftn3•@greenstone•@slice•C•@typically•@exposed•@along•@the•@Futagawa•@River•D•@The•@sheet•@consists

dominantly•@of•@strongly•@sheared•@mixture•@of•@black•@mudstone•@and•@greenstone•@•iFgs•D•@39e•C•@f•j•D•@Small

greenstone•@bodies•C•@tuffaceous•@mudstone•C•@chert•C•@and•@less•|deformed•@alternation•@of•@sandstone•@and

mudstone•@also•@occur•D•@These•@lithofacies•@are•@not•@well•@traceable•@laterally•C•@except•@a•@green•@tuffaceous

mudstone•@body•@along•@the•@structural•@base•@ofthe•@sheet•D

•@•@•@Greenstone•@in•@the•@sheared•@mixed•@rocks•@is•@composed•@of•@followings•F

•@a•j•@Basalt•@fragments•@having•@intersertal•@texture•D•@These•@fragments•@commonly•@show•@lenticular•@shapes•C

•@•@•@margins•@of•@which•@are•@cut•@by•@slip•@surfaces•D•@They•@contain•@numerous•@veins•@of•@carbonate•C•@quartz•C•@and

•@•@•@aibite•D

•@b•j•@Basalts•@occurring•@as•@layers•@internally•@cut•@by•@meshwork•@of•@numerous•@slip•@surfaces•D•@Each•@domain

•@•@•@surrounded•@by•@slip•@surfaces•@show•@intersertal•@texture•D

•@c•j•@Mafic•@layers•@composed•@inainly•@of•@very•@fine•|grained•@ch•norite•@and•@white•@mica•D•@Constituent

•@•@•@phyllosilicate•@minerals•@are•@oriented•@forming•@schistosities•D•@The•@mafric•@layers•@contain•@are•@cut•@by

•@•@•@meshwork•@of•@numerous•@slip•@surfaces•D

•@•@•@On•@account•@of•@relict•@texture•C•@basaltic•@fragments•@•ia•j•@and•@layers•@•ib•j•@are•@considered•@to•@originate•@from

lava•@and•@clasts•@in•@pillow•@breccia•D•@Transition•@from•@pillow•@lava•@to•@sheared•@basaltic•@layer•@is•@observable

Fig•B39f•@The•@maflc•@layers•ic•jis•@considered•@to•@originate•@from•@hyaloclastite•@and•@p•ìow•@margi11•C•@because

they•@do•@not•@contain•@plagioclase•@microlites•@as•@common•@nondeformed•@hyaloclastite•@do•@not•D•@The•@ratio•@of

basaltic•@layers•@to•@mudstone•@layers•@is•@variable•D•@In•@case•@of•@small•@basalt•^mudstone•@ratio•C•@basaltic

fragments•@and•@lenses•C•@with•@sheared•@mafic•@mantle•C•@are•@contained•@in•@mudstone•@matrix•D•@ln•@case•@of•@grater

basalt•^mudstone•@ratio•C•@basaltic•@layers•@alternate•@with•@sheared•@mudstone•@layers•@at•@intervals•@of•@several

millimeters•@to•@several•@tens•@meters•D•@These•@occurrences•@indicate•@that•@small•@basaltic•@fragments•@were

competent•@relatively•@to•@mudstone•C•@whereas•@basaltic•@layers•@internally•@cut•@by•@numerous•@shear•@surfaces

were•@almost•@equally•@competent•@with•@mudstone•D•@The•@layered•@basalt•@•^•@mudstone•@niixed•@structtire•C

describe•@above•C•@is•@correlative•@with•@the•@•gsumi•|flow•h•@structure•@of•@the•@Biei•@Complex•@•iKamuikotan•@Zone•j

described•@by•@Kawamura•@et•@al•D•@•i1998•j•D

3•D•@Pirashuke•@Unit

•@•@•@The•@Pirashuke•@Unit•@is•@the•@most•@greellstone•|dominant•@ullit•@in•@the•@lwashimizu•@Complex•@ofthe•@st‚µidy

area•C•@and•@the•@proportion•@of•@mafic•@rocks•@in•@the•@Pr•|1•@Sub•Eˆêunit•@is•@estimated•@up•@to•@ca•D•@95•@O•^o•D•@Greenstones•@in

the•@Pirashuke•@Unit•@occur•@as•@schistose•@greenstone•@slices•C•@dolerite•@and•@hyaloclastite•@bodies•@in•@the

metadolerite•@facies•C•@fragments•@and•@sheared•@layers•@in•@the•@mixed•@facies•@B•C•@and•@mafic•@schist•@in•@the•@mixed

facies•@C•D

Schistose•@greenstone•@facies•F•@The•@schistose•@greenstone•@facies•@consists•@of•@hyaloclastite•@and•@reworked

volcanic•@breccia•C•@pillow•@lava•C•@and•@dolerite•D•@Hyaloclastites•@intei•fcalate•C•@or•@alternate•@vvith•@cheit•@and•@red
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limestone•iFigs•D37e•C•@f•j•D•@Volcanic•@breccia•@contains•@chert•@clasts•@in•@several•@outcrops•D•@p•ìow•@lava•@witll

recrystaliized•@inter•|p•ìow•@limestone•@is•@11•Eot•@ullcommo11•DThese•@occurrences•@indicate•@that•@the•@greenstones

originally•@comprised•@a•@volcano•|sedimentary•@sequence•@in•@each•@slice•C•@though•@they•@are•@cut•@by•@many

minor•@faults•@and•@folded•@internally•D•@lt•@is•@difficult•@to•@estimate•@precise•@thickness•@and•@lateral•@extent•@of•@the

slices•@because•@of•@internal•@faults•@and•@folds•C•@and•@limited•@exposure•D•@However•C•@1•@roughly•@estimate•@that

these•@slices•@are•@several•@hundred•@meters•@thick•@and•@several•@kilometers•@in•@extent•D

•@•@•@Pillow•@lavas•@are•@flattened•@and•@stretched•@with•@indistinct•@foliation•@•iFig•D•@41a•j•D•@Stretching•@lineations

consistipg•@of•@deformed•@amigdules•@•iand•@rarely•@of•@pillow•@itselfi•@are•@recognizable•@in•@many•@outcrops•D

Hyaloclastites•@and•@volcanic•@breccias•@are•@commonly•@flattened•@with•@distinct•@foliation•@•iFig•D•@41b•j•D

Constituent•@volcanic•@fragments•@and•@amigdules•@are•@elongated•@to•@be•@ellipsoids•C•@uniformly•@oriented

forming•@a•@stretching•@lineation•@in•@each•@outcrop•@•iFig•D•@41c•j•D•@Dolerites•@are•@dominantly•@nonˆê•@or•@very

weakly•@deformed•C•@and•@foliated•@dolerites•@are•@also•@observed•@in•@some•@outcrops•D

Metado•nerite•@facies•F•@Mafic•@rocks•@in•@the•@metadolerite•@facies•@are•@dolerite•C•@with•@trace•@hyaloclastite•C

epidote•@amphibolite•C•@and•@metabasalt•D•@Dolerite•@characteristically•@contains•@abundant•@and•@mesoscopically

visible•@epidote•D•@Degree•@of•@deformation•@is•@variable•F•@nonˆêˆêdeformed•G•@foliated•G•@sheared•@with•@meshworks•@of

slip•@surfaces•G•@and•@partly•@cataclasite•D•@In•@deformed•@part•C•@green•@siliceous•@lenses•@•irecrystallized•@chert•@or

tuffaceous•@mudstone•j•@are•@intercalated•D•@These•@dolerite•@bodies•@are•@less•@than•@100•@m•@thick•C•@and•@laterally

traceable•@for•@at•@least•@7•@km•D

•@•@•@Hyaloclastite•C•@epidote•@amphibolite•C•@and•@metabasalt•@sporadically•@occur•C•@and•@are•@not•@laterally

traceable•D•@Epidote•|amphibolite•@and•@metabasalt•@blocks•@are•@only•@seen•@in•@Holocene•@landslide•@debris•C

however•C•@Nakano•@•i1981•j•@reported•@an•@outcrop•@of•@epidote•|amphibolite•@in•@Takami•@area•C•@north•@extension

of•@the•@study•@area•D

Mixed•@facies•@C•F•@Mafic•@schists•@are•@the•@dominant•@constituent•@of•@the•@Mixed•@facies•@C•D•@They•@are

commonly•@sheared•@with•@distinct•@foliation•C•@hence•C•@effusive•@or•@sedimentary•@structures•@are•@not•@preserved•C

except•@some•@outcrops•@where•@foliated•@hyaloclastite•@with•@flattened•@clasts•@occur•D•@These•@schists•@alternate

with•@deformed•@metachert•C•@bounded•@by•@slip•@surfaces•@•iFig•D•@41d•j•D•@They•@partly•@show•@tight•@folds•@•iFig•D•@41e•j•D

Though•@the•@slices•@of•@the•@mixed•@facies•@C•@are•@laterally•@traceable•C•@internal•@extent•@of•@each•@metachert•@and

mafic•@schist•@bodies•@are•@indistinct•D•@Non•|deformed•@dolerite•@rarely•@and•@sporadically•@occurs•@in•@the•@mixed

facies•@C•C•@contacting•@metachert•@and•@mafic•@schist•@bounded•@by•@slip•@surfaces•D

Mixed•@facies•@B•F•@The•@mixed•@facies•@B•@in•@the•@Pirashuke•@Unit•@have•@the•@same•@characteristics•@as•@that•@of•@the

Futagawa•@Unit•D•@Because•@of•@limited•@exposure•@and•@probably•@later•@rearrangement•C•@this•@facies•@in•@the

Pirashuke•@Unit•@is•@less•@traceable•@than•@that•@in•@the•@Futagawa•@Unit•D•@Greenstone•@lenses•@and•@layers•@are

sheared•C•@mixing•@with•@sheared•@mudstone•D
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Fig•D•@41•D•@Occurrences•@ofthe•@schistose•@greenstone•@facies•@•ia•|c•j•@and•@the•@mix•fed•@facies•@C•@•id•C•@e•j•@in•@the•@Pirashuke

Unit•D

•ia•j•@Flattened•@pillow•@lava•D•@Along•@Akabanno•|savva•@Creek•C•@branch•@of•@Mitsuishi•@River•@•iPrˆê•@1•@Sub•|unit•j•C

•ib•jMafic•@schist•@of•@flattened•@hyaloclastite•D•@Along•@a•@branch•@of•@Pirac•@sh‚µlke•@River•iPr•|1•@Sub•|unit•j•D

•ic•j•@Stretched•@clasts•@and•@amigdules•@in•@hyaloclastite•@schist•D•@These•@ciasts•@also•@show•@microscopic•@n•jineral

lmeation•@ofacicular•@magnesio•|riebeckite•D
•id•j•@Mafic•@schist•@•iM•j•@intercalating•@metachert•@•iC•j•D•@The•@schist•@is•@severely•@sheared•C•@and•@any•@original•@volcanic

structure•@is•@not•@observable•D•@Along•@a•@branch•@ofPirashuke•@River•@•iPrˆê•@1•@Sub•|unit•j•D

•ie•j•@Folded•@mafic•@schist•@ofthe•@mixed•@facies•@C•D•@Tight•@folds•@are•@cut•@by•@sinistral•@shear•@surfaces•@•iwhite•@arrows•j•D

Along•@Pirashuke•@River•@•iPr•|1•@Sub•|unit•j•D
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•@•@•@•@Mikawa•@Unit

•@•@•@Greenstones•@in•@the•@Mikawa•@Unit•@occur•@as•@large•@non•|deformed•@greenstone•@slices•@and•@smaller

greenstone•@slices•@and•@blocks•@in•@the•@mixed•@facies•@A•D

Non•|deformed•@greenstone•@slice•F•@Greenstone•@slices•@are•@up•@to•@650m•@thick•@and•@over•@8km•@in•@extent•C•@and

collsists•@mostly•@of•@non•|deformed•@greenstone•D•@Greellstolles•@are•@hyaloclastite•C•@p•ìow•@breccia•C•@reworked

volcanic•@breccia•C•@pillow•@lava•C•@and•@dolerite•C•@all•@well•@preserving•@original•@structure•D•@Trace•@chert•@and

li111estolle•@are•@also•@contained•FSome•@pillow•@lavas•@have•@illte–mp•ìow•@Iimestone•Gvolcanic•@breccia•@rarely

contains•@chert•@fragments•D•@Though•@there•@are•@minor•@faults•@internally•C•@these•@lithofacies•@are•@consi•|dered•@to

have•@comprised•@a•@volcanic•@sequence•@within•@each•@slice•C•@Some•@hyaloclastite•@show•@very•@weak•@foliation•D

Margins•@ofthe•@slices•@are•@cut•@by•@faults•C•@however•@in•@several•@routes•C•@it•@is•@difficult•@to•@locate•@clear•@boundary

with•@smaller•@greenstone•@slices•@ofthe•@mixed•@facies•@A•D

Mixed•@facies•@A•F•@Prevented•@by•@a•@bad•@exposure•C•@detailed•@mode•@of•@occurrence•@of•@greenstones•@is•@not•@well

determined•D•@However•C•@fragmental•@occurrences•@•iFig•D•@33•j•@suggest•@that•@greenstones•C•@sandstone•|dominant

clastic•@rocks•C•@and•@green•@tuffaceous•@m‚µidstone•@occur•@separately•@with•@slleet•|like•@distribution•C1ess•@tha1150

m•@thick•@and•@up•@to•@600m•@in•@extent•D•@Along•@Iithological•@boundaries•C•@sheared•@mudstone•@less•@than•@10•@m

thick•@occur•D•@Sheared•@mixture•@of•@greenstone•@and•@mudstone•@is•@also•@observed•@along•@the•@boundary•@of

greenstone•@and•@clastic•@rocks•D•@There•@is•@no•@outcrop•@where•@block•|in•|matrix•@fabric•@is•@observed•D•@Hence•C•@the

mixed•@facies•@A•@is•@regarded•@as•@a•@tectonic•@stack•@of•@small•@•imostly•@thin•|skinned•j•@slice•@of•@constituent

lithofacies•D•@Fig•D•@33•@also•@suggests•@that•@the•@NE•|SW•@orientation•@of•@these•@slices•@cross•@to•@the•@general•@trend

•iNNW•|SSE•jofthe•@Mikawa•@Ullit•D•@Greenstones•@are•@dominantly•@vesicular•@p•ìow•@lava•@alld•@hyaloclastite•C

with•@minor•@dolerite•D

•@•@•@In•@north•@part•@ofthe•@unit•@•ialong•@branches•@of•@Pirashuke•@River•j•C•@a•@greenstone•@slice•@ca•D•@100m•@thick•@and

400m•@•ito•@possibly•@over•@700m•j•@in•@extent•@occurs•@in•@the•@mixed•@facies•@A•D•@This•@slice•@consists•@mainly•@of

non•|vesicular•@and•@close•|packed•@pillow•@lava•C•@with•@minor•@hyaloclastite•@and•@dolerite•C•@These•@greenstones

contains•@numerous•@webbed•@veins•@of•@prehnite•C•@analcime•C•@and•@carbonate•C•@as•@the•@•gtorifun•@•ibirds•f

droppings•jˆêlike•h•@veinlets•@traditionally•@described•@on•@greenstones•@of•@the•@Sorachi•@Group•D•@Greenstones

having•@the•@same•@characteristics•@also•@occur•@in•@Kuzuresavva•@Creek•@•ibranch•@of•@Shunbetsu•@River•F•@Fig•D•@27•j•D

Petrographic•@characteristics

1•C•@Shizunai•@Unit

•@•@•@In•@both•@basalt•@and•@dolerite•@in•@the•@Shizunai•@Unit•C•@plagioclase•@was•@albitized•D•@Part•@of•@clinopyroxene

was•@replaced•@by•@sodic•@pyroxene•G•@whole•@olivine•@by•@chlorite•@and•@pumpellyite•G•@ilmenite•@partly•@by•@titanite•G

and•@glass•@wholly•@by•@chlorite•C•@pumpellyite•C•@hematite•C•@carbonate•C•@and•@white•@mica•D

•@•@•@The•@szl•@slice•@consists•@of•@plagioclase•|phyric•@basalt•@and•@olMne•|plagioclase•@basalt•C•@commonly•@with

amigdules•D•@Groundmass•@is•@composed•@of•@plagioclase•@microlites•C•@acicular•@ilmenite•C•@rare•@clinopyroxene•C
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and•@glass•D•@lntercalated•@doierite•@consists•@oftitanaugite•C•@plagioclase•C•@and•@ilmenite•D•@with•@minor•@kaersutite

and•@aegirine•D

•@•@•@The•@sz2•@slice•@is•@dominated•@by•@dolerite•D•@The•@dolerites•@are•@petrograpliically•@variable•@from•@pyroxeneˆêˆê

rich•@•isome•@possibly•@contained•@olivine•j•@ones•@to•@plagioclase•|rich•@and•@pyroxene•|free•@ones•C•@probably

reflected•@degree•@of•@differentiation•D•@Representative•@mafic•@assemblage•@is•F•@titanaugite•@•{•@plagioclase•@•}

kaersutite•@•{•@aegirine•@•{•@biotite•@•{•@apatite•@•{•@iimenite•@•{•@interstitial•@glass•D•@Felsic•@assemblage•@is•F•@plagioclase

•}•@biotite•@•{•@apatite•@•{•@polygonal•@opaque•@•ipresumably•@magnetite•j•@•{•@ilmenite•@•{•@interstitial•@glass•D

Hyaloclastite•@beds•C•@intercalated•@in•@chert•@and•@dolerite•C•@consist•@mainly•@of•@well•@vesicular•@glass•@fragments

with•@plagioclase•@microlites•@and•@phenocrysts•C•@acicular•@ilmenite•C•@and•@rare•@apatite•D

2•D•@Futagawa•@Unit

•@•@•@Pillow•@lavas•@of•@the•@ftn•@1•C•@ftn2•C•@ftn3•C•@and•@fts•@l•@slices•@are•@composed•@of•@olivine•@basalt•C•@aphyric•@basalt•C

and•@olivine•|plagioclase•@basalt•C•@all•@of•@which•@are•@nonˆê•@to•@weakly•@vesicular•D•@Highly•@phyric•@rock•@is•@absent•D

Groundmass•@is•@composed•@of•@plagioclase•@•}•@olivine•@•}•@clinopyroxene•@•{•@acicular•@ilmenite•@•{•@glass•D

Dolerites•@of•@the•@ftn3•@slice•@are•@non•|vesicular•@and•@well•@crystalline•C•@except•@that•@quenched•@parts•@are

variably•@vesicular•@and•@glassier•C•@and•@partly•@colltaill•@plagioclase•@and•^or•@olMlle•@phenocrysts•@as•@p•ìow

lavas•D•@Crystalline•@dolerites•@are•@composed•@of•F•@titanaugite•@•ior•@augite•j•@•{•@plagioclase•@•{•@ilmenite•@•{

interstitial•@glass•@•}•@aegirine•@•}kaersutite•@•}•@biotite•@•}•@apatite•D•@Apatite•C•@biotite•C•@aegirine•C•@and

kaersutite•@are•@less•@common•@as•@titanaugite•|bearing•@dolerites•@in•@the•@Shizunai•@Unit•C•@but•@are•@not•@rare•D

Pyroxene•|free•@and•@plagioclase•|rich•@dolerite•@is•@not•@observed•D

•@•@•@Pillow•@lavas•@and•@hyaloclastites•@of•@the•@ftn4•@siice•@consist•@of•@olivine•@basalt•C•@plagioclase•@basalt•@and

aphyric•@basalt•D•@Dolerites•@are•@composed•@of•@titanaugite•@•{•@plagioclase•@•{•@ilmenite•@•}•@kaersutite•@•}

aegirine•@•}•@interstitial•@glass•D

•@•@•@There•@are•@only•@a•@few•@thin•@sections•@fi•fom•@ftn5•@and•@ftn6•@slices•D•@These•@are•@olivine•@•i•H•j•@basalt•D

plagioclase•@basalt•C•@aphyric•@basalt•C•@and•@augite•|kaersutite•@dolerite•D

•@•@•@Olivine•}plagioclase•@basalt•C•@plagioclase•@basalt•C•@aphyric•@basalt•C•@and•@•iolivineˆê•H•j•@augite•@basalt•@are

contained•@in•@greenstones•@of•@the•@mixed•@facies•@B•D•@There•@is•@no•@significant•@petrographic•@difference

between•@the•@mixed•@facies•@B•@and•@non•|deformed•@greenstone•@slices•C•@except•@that•@plagioclaseˆê•@highly

phyric•@basalt•@and•@augite•@basalt•@were•@observed•D

3•D•@Pirashuke•@Unit

Schistose•@greenstone•@facies•F•@Schistose•@Greenstones•@are•@petrographically•@variable•D•@Aphyric•@basalt•C

clinopyroxene•@•iaugite•@and•@titanaugite•j•@basalt•C•@and•@plagioclase•@basalt•@are•@the•@majority•D•@Olivine•@basalt

and•@clinopyroxene•Eˆêplagioclase•@basalt•@are•@also•@common•D•@Clinopyroxeneˆê•@highly•@phyric•@basalts

•iankaramite•j•E•@characteristically•@occur•F•@containing•@clinopyroxene•C•@olivine•@•{•@clinopyroxene•C•@and•@rarely
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clinopyroxene•@•{•@kaersutite•@phenocrysts•D•@Picrite•@and•@olivine•|plagioclase•@basalt•@scarcely•@occur•D•@One

sample•@contains•@apatite•@phenocryst•D•@Olivine•E•Ebearing•@assemblage•@is•@rarely•@accompanied•@by•@spinel•D

Typical•@groundmass•@assemblage•@of•@these•@basalts•@is•@plagioclase•{•@clinopyroxene•{•@acicular•@ilmenite•{

glass•D•@Groundmass•@of•@basaltic•@fragments•@in•@hyaloclastite•@consists•@almost•@only•@of•@glass•G•@small•@amount

of•@plagioclase•@microlites•@is•@occasionally•@contained•D•@Some•@contain•@polygonal•@oxide•@paitly•@replaced•@by

titanite•@•ipresumably•@titanomagnetite•j•@in•@groundmass•D•@Kaersutite•@and•@aegirine•@are•@rarely•@contained•@in

intergranular•@to•@subophitic•@groundmass•D

•@•@•@Dolerites•@in•@the•@schistose•@greenstone•@facies•@are•@composed•@of•@clinopyroxene•@•{•@plagioclase•@•{

ilmenite•@•}kaersutite•@•}•@aegirine•@•}•@biotite•@•}•@apatite•C•@Titanaugite•C•@kaersutite•C•@aegirine•C•@and•@apatite

al•fe•@commoll•D

Metadolerite•@facies•F•@Dolerites•@in•@the•@metadolerite•@facies•@are•@petrographically•@uniform•C•@composed•@of

clinopyroxene•@•imostly•@augite•j•@•{•@plagioclase•@•{•@oxide•@•iilmenite•@and•@presumably•@titanomagnetite•j•D•@Small

amounts•@of•@apatite•@and•@interstitial•@glass•@are•@rarely•@contained•D

•@•@•@Epidote•@amphibolite•@•ifloats•@in•@Holocene•@landslide•@debris•j•@consists•@of•@hornblende•@•ioriginally

clinopyroxene•@and•@presumably•@olivine•H•j•@•{•@albitized•@plagioclase•@paitly•@also•@replaced•@by•@epidote•@•{

titanite•@•iiimenite•H•j•@•}•@apatite•D•@They•@are•@mostly•@coarse•|grained•F•@some•@show•@banded•@structure•@of

relatively•@mafic•@and•@felsic•@layers•C•@implying•@gabbroic•@origin•G•@others•@preserve•@indistinct•@ophitic•|like

texture•C•@implying•@coarse•@dolerite•@origin•D

•@•@•@Hyaloclastite•@are•@composed•@of•@fragments•@of•@aphyric•@basalt•C•@augite•@basalt•C•@and•@rarely•@picritic•@basalt•D

They•@are•@commonly•@replaced•@by•@abundant•@mafic•@minerals•@•iactinolite•@•{•@chlorite•C•@or•@metamorphic•@sodian

augite•j•C•@and•@very•@poor•@in•@albite•D

Mixed•@facies•@C•F•@Most•@basalts•@are•@significantiy•@sheared•C•@so•@that•@it•@is•@difficult•@to•@determine•@igneous

petrographical•@characteristics•D•@Aphyric•@basalt•C•@clinopyroxene•@basalt•C•@and•@dolerite•@are•@presumably

contained•D

Mixed•@facies•@B•F•@Five•@thin•@sections•@of•@greenstones•@from•@this•@facies•@are•@aphyric•@basalt•D•@One•@sample

contains•@biotite•@in•@its•@groundmass•D

4•D•@Mikawa•@Unit

Non•Eˆêdeformed•@greenstone•@facies•F•@The•@non•|deformed•@greenstone•@slices•@consist•@mainly•@of•@olivine

basalt•C•@olivine•|plagioclase•@basalt•C•@clinopyroxene•@basalt•C•@clinopyroxene•|plagioclase•@basalt•C•@and•@aphyric

basalt•D•@Picrite•@and•@picritic•@basalts•@are•@not•@rare•D•@These•@rocks•@commonly•@contain•@acicular•@ilmenite•@in•@their

groundmass•D•@Dolerites•@contain•@trace•@kaersutite•C•@aegirine•C•@biotite•C•@and•@apatite•D

Mixed•@facies•@A•F•@The•@mixed•@facies•@A•@contains•@dominantly•@olivine•@basalt•@and•@olivine•|plagioclase•@basalt•C

as•@much•@as•@aphyric•@basalt•D•@Some•@olivine•|bearing•@rocks•@are•@picritic•D•@Plagioclase•@basalt•@is•@also•@seen•D
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These•@rocks•@commonly•@contain•@acicular•@ilmenite•@in•@their•@groundmass•C•@except•@highly•@glassy•@ones•D•@One

plagioclase•@basalt•@sample•@also•@contains•@apatite•@phenocrysts•D•@Apatite•@is•@a•nso•@contained•@in•@groundmass•@of

some•@aphyric•@basalts•D

•@•@•@The•@torifun•|type•@greenstone•@bodies•@consist•@dominantly•@of•@aphyric•@basalt•C•@accompanied•@by•@olivine

basalt•C•@olivine•|clinopyroxene•@basalt•C•@clinopyroxene•|plagioclase•@basalt•C•@and•@aphyric•@dolerite•D•@Polygonal

opaque•@minerals•@•ipresumably•@magnetite•j•@are•@commonly•@contained•@in•@their•@groundmass•C•@whereas

ilmenite•@is•@quite•@rare•D•@A•@dolerite•@sample•@contains•@trace•@apatite•D•@Kaersutite•C•@aegirine•C•@and•@biotite•@are

never•@seen•D

Petrochemical•@characteristics

•@•@•@Many•@major•|element•@bulkˆê•Erock•@compositions•C•@and•@a•@fevv•@trace•|element•@compositions•@also•C•@of

greenstones•@in•@the•@lvvashimizu•@Complex•@has•@been•@repoited•@by•@previous•@studies•@•iNakano•C•@1985•G

Watanabe•@•••@Maekawa•C•@1985•G•@Watanabe•@•••@Niida•C•@1987•G•@Kimura•@et•@al•D•C•@1994•j•D•@They•@reported•@both

alkaline•@and•@tholeiitic•@greenstones•C•@and•@the•@former•@has•@been•@considered•@as•@oceanic•@island•@alkali•@basa•nts

•iOIA•j•D•@Whereas•C•@the•@nature•@and•@origin•@ofthe•@tholeiitic•@basalts•@have•@not•@been•@well•@understood•D•@Relation

between•@chemical•@types•@and•@their•@distribution•@or•@unit•@division•@is•@also•@not•@yet•@described•D

•@•@•@To•@elucidate•@origin•@of•@greenstones•@and•@relation•@between•@rock•@types•@and•@unit•@division•C•@bulk•|rock

major•@and•@trace•@element•@compositions•@were•@determined•@for•@53•@greenstones•@from•@the•@lwashimizu

Complex•@•iFig•D•@28•j•D

•@•@•@Any•@sample•@chip•@wlth•@visible•@vesicles•@or•@veins•@was•@discarded•@pl•eior•@to•@crus1ŒŒg•D•@All•@analyses•@were

made•@at•@Hokkaido•@University•C•@using•@a•@Phillips•@PW•@1404•@X•|ray•@fiuorescence•@spectrometer•D•@Major•@and

trace•@element•@compositions•@were•@determined•@using•@the•@method•@by•@Tanaka•@•••@Orihashi•@•i1997•j•D•@Results

are•@listed•@in•@Table•@6•D•@Sample•@M54•@is•@fi•gom•@a•@greenstone•@body•@correlative•@with•@the•@Mikawa•@Unit•@along

Kuzuresawa•@Creek•iBranch•@of•@Shunbetsu•@River•j•D•@Samples•@M30•@and•@M31•@are•@fi•Žm•@a•@meta•Bp•ìow•@lava

•iclinozoisite•@•{•@tremolitic•@actinolite•j•@body•@correlative•@with•@the•@Metadolerite•@Sub•|unit•@of•@the•@Pirashuke

Unit•C•@along•@the•@Nukabira•@River•@Forestry•@Road•D•@The•@rests•@are•@from•@the•@Mitsuishi•|Shizunai•@area•D

1•C•@Shizunai•@Unit

•@•@•@Five•@dolerite•@samples•@form•@the•@sz2•@sheet•@and•@one•@basalt•@sample•@form•@the•@szl•@sheet•@were•@analyzed•D

All•@samples•@show•@high•@TiO•C•@•i2•D8•|4•D7•@wtO•^o•j•@and•@P20s•@•iO•D8•|1•D7•@wtO•^o•j•@contents•@•iFig•D•@42•j•D•@Nb•^Y•@ratio

ranges•@2•D1•|4•D0•@•iFig•D•@43•j•C•@hence•C•@all•@plot•@in•@the•@alkaline•@fields•@•inephelinite•C•@alkali•@basalt•C•@and

trachyandesite•j•@of•@Winchester•@•••@Floyd•@•i1977•j•D•@MORB•|normalized•@trace•|element•@patterns•@•iFig•D•@44•j

show•@a•@prono‚µmced•@enricl•ì1ellt•@ill•@high•|field•|strength•iHFS•jeleme‹Qs•C•@which•@is•@a•@characteristic•@of

within•|plate•@alkali•@basalt•@•iPearce•C•@1982•j•D•@All•@plot•@in•@the•@field•@of•@oceanˆêˆêisland•@alkali•@basalt•@on•@Nb•|Zr•|Y

ternary•@diagram•@•iMeschede•C•@1986•G•@see•@Fig•D•@45•j•D•@Hence•C•@basalts•@and•@dolerites•@ofthe•@Shizunai•@Unit•@are
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mica•@ranging•@107•@ˆê•@1•@13•@Ma•C•@except•@one•@locality•@showing•@90•Eˆê94•@Ma•@near•@serpentinite•C•@from•@black•@and

tuffaceous•@mudstones•@ofthe•@Shizunai•@Unit•@in•@Niikappu•@area•D

Examination•@on•@metamorphic•@grade

•@•@•@•@Description•@of•@metamorphic•@grades•@is•@expected•@to•@derive•@the•@information•@about•@the•@depth•@where

each•@unit•@was•@initially•@formed•D•@ln•@this•@study•C•@over•@432•@thin•@sections•@of•@n•jetabasites•@•iFig•D•@48•j•@were

optical•py•@described•@for•@determination•@of•@metamorphic•@grade•C•@typical•@photomicrographs•@of•@which•@are

shown•@in•@Figs•D•@49•@and•@50•D•@Consequently•C•@a•@good•@relation•@between•@the•@unit•@division•@and•@metamorphic

grade•@was•@recognized•@•iFig•D•@47•j•C•@which•@also•@helps•@to•@evaluate•@the•@signiflcance•@of•@tectonostratigraphic

framework•@constructed•@in•@the•@former•@section•D

•@•@•@Metamorphic•@minerals•@were•@optically•@determined•D•@Most•@silicate•@minerals•@•iexcept•@white•@mica•C

stilpnomelane•C•@smectite•C•@zeolites•C•@and•@prehnite•j•@were•@confirmed•@by•@EPMA•@in•@selected•@sections

•ianalcime•@and•@prehnite•@in•@clasts•@of•@conglomerate•@in•@Middle•@Yezo•@Group•@were•@chemically•@confirmed•j•D

Almost•@all•@sections•@were•@stained•@by•@tlie•@Feigl•fs•@solution•@for•@determination•@of•@aragonite•D•@Four•@selected

samples•@were•@examined•@for•@XRD•@analysis•C•@in•@which•@lavvsonite•C•@hematite•C•@white•@mica•C•@smectite•C•@chlorite•C

analcime•C•@natrolite•C•@albite•C•@quartz•C•@calcite•C•@and•@relict•@augite•@were•@confirmed•D•@Aragonite•@peaks•@were

recognized•@from•@the•@sample•C•@in•@which•@thin•@section•@carbonate•@was•@typically•@stained•D•@Pyrite•@was

confirmed•@by•@reflective•@microscope•@observation•@on•@32•@selected•@polished•@sections•D

•@•@•@M•E•Et•Efm•Etaba•Eit•E•Ei•Ethe•@lwa•Ehimiz•EC•E1•E•Epl•Ex•@a•cec•Ey•Et•E“cz•Ed•@u•Ed•E•Ev•E•Ey•@l•Ew•|9•Ead•E

metamorphic•@conditions•D•@ln•@such•@rocks•C•@it•@is•@difficult•@to•@presume•@the•@areas•@where•@metamorphic

minerals•@were•@crystallized•@in•@equilibrium•D•@This•@study•@only•@provides•@the•@description•@under•@a•@rough

assumption•@that•@all•@minerals•@were•@in•@equilibrium•@within•@the•@area•@of•@a•@thin•@section•C•@except•@the•@extreme

case•@that•@assemblages•@are•@obviously•@different•@by•@parts•@of•@a•@thin•@section•D•@ln•@spite•@of•@such•@rough

examinati•ctlle•@assembl•Eges•@seem•@t•Eb•E•Eclassifi•Ed•@i•Et•Eˆ¹ur•@mŒù•E•Eg•cP•Ea•Ed•@th•Eee•E•Ep•Essibly•Ef•E‚µ1•E

minor•@groups•C•@which•@distribute•@consistently•@with•@lithological•@units•@•iFig•D•@47•j•D•@However•C•@more•@careful

and•@precise•@description•@is•@to•@be•@achieved•@in•@future•@study•D

Description•@of•@minerals

Aragonite

•@•@•@Aragonite•@mainly•@occurs•@as•@infill•@of•@veins•@•iFigs•@50a•Cb•j•C•@vesicles•@•iFig•D•@50c•C•@d•j•C•@and•@pores•@of

hyaioclastite•C•@and•@as•@patched•@irregular•@crystals•@on•@groundmass•@of•@lava•D•@Most•@aragonite•@is•@irregularly

shaped•@surrounded•@by•@calcite•C•@which•@occurrences•@mean•@that•@these•@aragonites•@were•@partly•@•iand•@probably

fully•@in•@other•@cases•j•@replaced•@by•@calcite•@along•@their•@margin•@and•@cracks•D•@Zeoliteˆê•@and•^or•@prehnite•|

bearing•@greenstones•@•irestrictively•@occurs•@in•@the•@mixed•@facies•@A•@of•@the•@Mikawa•@Unit•j•@never•@contain

aragonite•D•@Except•@that•@case•C•@aragonite•@is•@commonly•@contained•@in•@all•@units•@in•@the•@study•@area•D
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•@Lawsonite

•@•@•@•@Lawsonite•@occurs•@as•@e‚µihedral•C•@tiny•@rectangular•@crystals•@or•@aggregates•@of•@fan•|sllaped•@crystals•D•@Ill•@the

Futagawa•@Unit•C•@lawsonite•@mainly•@occurs•@replacing•@plagioclase•@phenocrysts•@and•@microlites•C•@and•@grown

in•@veins•@and•@amigdules•@•iFigs•D•@49a•|d•j•D•@ln•@the•@Pirashuke•@Unit•C•@lawsonite•@also•@occurs•@replacing•@glass•@•iFigs•C

50a•C•@b•j•@as•@common•@as•@the•@occurrences•@above•D•@ln•@both•@the•@Futagawa•@and•@Pirashuke•@Units•C•@lawsonite

occasionally•@coexists•@with•@quartz•@in•@veins•D

Epidote•@group

•@•@•@•@Epidote•@occurs•@as•@gl•fall‚µilar•@crystals•C•@They•@are•@commonly•@pale•@yellow•|colored•C•@showing•@high

birefringence•@and•@weakly•@anomalous•@interference•@color•D•@Rarely•@they•@show•@pale•@yellowish•@green•@to•@pale

yellow•@pleochroism•D•@Hence•C•@sotne•@ofthem•@resemble•@to•@yellowish•|colored•@sodic•@pyroxene•D•@ln•@this•@study•C

ones•@which•@show•@both•@positive•@and•@negative•@elongation•@is•@identified•@as•@epidote•C•@distinguished•@from

sodic•@pyroxenes•@•iaegirine•|augite•@to•@aegirine•|jadeite•j•@showing•@only•@negative•@elongation•@throughout•D

This•@identification•@is•@supported•@by•@selective•@EPMA•@analysis•D•@Allanite•@is•@contained•@in•@several•@Na•|

amphibole•@schist•@samples•D•@lt•@is•@dark•@brovvnˆê•@colored•C•@showing•@strong•@anomalous•@interference•@color•D

EPMA•|analysis•@shows•@that•@it•@is•@poor•@in•@Ca•@than•@epidote•C•@probably•@because•@of•@containing•@trace•@elements

in•@place•@of•@Ca•D

•@•@•@The•@epidote•@group•@is•@observed•@only•@in•@Pr•|1•@and•@Metadolerite•@Sub•|units•C•@with•@a•@few•@exceptions•@in

the•@Pr•|2•@Sub•|unit•C•@the•@Futagawa•@Unit•C•@and•@the•@Mikawa•@Unit•D•@ln•@the•@Pr•|1•@Sub•|unit•C•@epidote•@occurs•@in

glassy•@matrix•@and•@in•@veins•@•iFigs•D•@50c•C•@d•j•D•@ln•@the•@Metadolerite•@Sub•|unit•C•@it•@also•@occurs•@replacing

plagioclase•D

Pumpellyite

•@•@•@Pumpellyite•@occurs•@as•@aggregates•@of•@microcrystals•@or•@fan•|shaped•@crystals•D•@They•@mainly•@occur•@in

amigdules•@and•@veins•C•@and•@replacing•@olivine•C•@plagioclase•@and•@glass•@matrix•@•iFigs•D•@49a•C•@b•@and•@50a•|d•j•D

Color•@under•@plane•|polarized•@light•@is•@variable•F•@the•@most•@commonly•@with•@pale•@green•@to•@non•|colored

pleochroism•G•@less•@commonly•@with•@non•|colored•@•iand•@no•@pleochroism•j•G•@bluish•@green•@to•@non•|colored•@and

deep•@green•@to•@pale•@yellow•@pleochroism•D•@Pumpellyite•@with•@yellow•@to•@pale•|yellow•@pleochroism•@is•@also

not•@rare•@in•@hematite•|bearing•@assemblages•D•@Selected•@EPMA•@analysis•@•iFig•D•@51•j•@show•@that•@deep•|green•@and

yellow•@pumpellyites•C•@observed•@in•@the•@Shizunai•@and•@Futagawa•@Units•D•@are•@rich•@in•@FeO•g•@up•@to•@20•@wtO•^o•C

clearly•@classified•@as•@Fe•|pumpellyite•@•iSchiffinan•@•••@Liou•C•@1983•j•D•@Whereas•@pale•|green•@and•@non•|colored

pumpellyites•C•@occurring•@ill•@all•@ullits•C•@are•@poo1•fin•@FeO•–•i•q10wt•“•jand•@rich•@i•I1•@A1203•C•@classŒ…ed•@as•@Mg•|

Al•@pumpellyite•D

Sodic•@pyroxene

•@•@•@Sodic•@pyroxenes•@are•@common•@in•@all•@units•C•@except•@the•@zeoliteˆê•@and•^or•@prehnite•|bearing•@greenstone

bodies•D•@There•@are•@several•@types•@in•@their•@occurrences•D

•@•@•@One•@of•@the•@common•@occurrences•@is•@that•@sodic•@pyroxenes•@partly•@to•@fully•@replace•@igneous
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•@•@•iEA•^EX•@ˆêtype•j

Fe3•{

•@•@•@•@•@•@•@•@ENXC
eP

11PN

Al•|Na
ErltS••tt•@li•••F•F1•flt•@or•@a•@u•@Ca

Fig•D•@f•@3•D•@FeS•h•@ˆê•@•iAl•|Na•j•@ˆê•@Ca•@diagrams•@explaining•@occurrences•@ofmajor•@metamorphic•@minerals•@•iexcept•@sodic

amphibole•jin•@metac•@basites•@ofthe•@lwashimiz‚µ1•@Complex•EAll•@assemblages•@colltain•@chlorite•{aibite•}quartz•F

each•@plot•@can•@be•@roughly•@approximated•@as•@Fe3•f•@ˆê•@•iAl•|Na•j•@ˆê•@Ca•@•Eˆê•@Fe2•h•{Mg•@tetrahedron•@projected•@from•@the

chlorite•|side•D•@Shadows•@indicate•@the•@analyzed•@compositional•@ranges•D•@lw•@•••@L•F•@lawsonite•D•@pm•@•••@P•F•@pLimpellyite•C

hm•@•••@H•F•@hematite•C•@npx•@•••@N•F•@sodic•@pyroxene•C•@ep•@•••@E•F•@epidote•C•@au•@•••@X•F•@re•nict•@augite•C•@act•@•••@A•F•@actinolite•C•@and

C•F•@chlorite•D
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Chlorite

•@•@•@Chlorite•@is•@contained•@in•@almost•@all•@metabasite•C•@except•@for•@some•@epidote•Eˆêamphibolite•@and•@smectite•Eˆê

bearing•@very•@low•|grade•@greenstones•D•@lt•@replaces•@olivine•C•@part•@of•@augite•C•@glass•@and•@plagioclase•C•@lt•@is•@also

grown•@in•@amigdules•@and•@veins•D

White•@mica

•@•@•@White•@mica•@is•@trace•@but•@commonly•@contained•@in•@metabasites•D•@They•@are•@non•|colored•@to•@pale•|green

colored•@crystals•C•@dominantly•@forming•@in•@plagioclase•C•@Some•@schistose•@hyaloclastite•@contains•@abundant

white•@mica•@replacing•@glass•@matrix•D•@lt•@rarely•@fills•@amigdules•C

Smeetite

•@•@•@Smectite•@is•@optically•@identified•@by•@its•@green•@to•@brownish•@green•@color•@and•@high•@birefringence•D

Saponitic•@smectite•@was•@identified•@in•@two•@selected•@samples•@by•@XRD•D•@Except•@the•@smectites•@considered•@as

products•@of•@chlorite•@weathering•C•@it•@tends•@to•@occur•@in•@zeoliteˆê•@and•@•^or•@prehnited•|bearing•@low•|grade

greenstone•C•@in•@place•@of•@chlorite•D

Hematite

•@•@•@Hematite•@is•@optically•@identified•@as•@very•@fine•@opaque•@minerals•@part•@•iusually•@thinned•@edge•j•@of•@which

show•@dark•|red•@transparency•C•@and•@distinguished•@from•@limonite•C•@which•@has•@brown•@to•@red•|colored

transparency•@and•@often•@show•@birefringence•D•@Greenstones•@rich•@in•@hematite•@is•@also•@mesoscopically•@dark

red•@to•@brown•@ˆêcolored•D•@Hematite•@is•@confirmed•@by•@XRD•@on•@tvvo•@samples•D

•@•@•@Hematite•@occurs•@replacing•@glass•@matrix•@•iFigs•@49a•|d•j•C•@acicular•@ilmenite•C•@and•@part•@of•@olivine•D•@lt•@also

occurs•@along•@the•@margin•@ofveins•@and•@amigdules•D•@lt•@never•@coexists•@with•@pyrite•D

Pyrite

•@•@•@Pyrite•@is•@identified•@as•@opaque•@and•@polygonal•@•imostly•@quadrangular•j•@crystals•C•@part•@of•@which•@are

confirmed•@by•@reflective•@microscope•@observation•D•@lt•@commonly•@occurs•@in•@veins•C•@and•@more•@rarely•@in•@glass

matrix•D

Quartz

•@•@•@Quartz•@mainly•@occurs•@in•@vein•@and•@amigdules•D•@lt•@rarely•@occurs•@replacing•@olivine•@and•@clinopyroxene

phenocrysts•@with•@chlorite•C•@pumpellyite•C•@and•@sodic•@pyroxene•D•@lt•@is•@difficult•@to•@distinguish•@fine•|grained

quartz•@from•@albite•C•@because•@it•@cannot•@be•@decided•@whether•@optically•@uniaxial•@or•@biaxial•D

Albite

•@•@•@The•@most•@common•@occurrence•@of•@albite•@is•@to•@replace•@igneous•@plagioclase•D•@Such•@albite•@crystals•@are

seen•@almost•@all•@the•@sample•C•@except•@some•@zeolite•|facies•@rocks•@in•@vvhich•@Ca•|rich•@plagioclase•@is•@preserved•D

116

•@•@•@•@•@•@•@•@•@•@•@•@•¹•@•@•@•@•@•@•@“¼•u

‘@•Œ•Œ—…“ï–|”®‹Þ“ï1“å–\˜I“ått•e•E•E



—Ø•u’p•E èi•D“ï•w“å—Ù••—Ù•P—Ù“å•§•§“åˆñ•cˆêˆêˆê“å“åŠ™ŠI•C1

Albite•@is•@distinguished•Mom•@plagioclase•@richer•@in•@Ca•@by•@s111all•@extinctioll•@angle•i5•|10•B•jand•@Iower

refractive•@index•@•ithan•@quartz•j•D•@Albite•@also•@occurs•@in•@veins•@and•@amigduies•D

Analcime•@and•@other•@zeolites

•@•@•@Analcime•@restrictively•@occurs•@in•@several•@greenstone•@bodies•@in•@the•@mixed•@facies•@A•D•@lt•@is•@optically

identified•@by•@its•@low•@refractive•@index•@and•@almost•@no•@birefringence•D•@lt•@occurs•@filling•@veins•C•@occasionally

showing•@euhedral•@polyhedral•@shape•D•@Most•@of•@analcime•|bearing•@samples•@also•@contain•@albitized

plagioclase•C•@and•@are•@scarcely•@accompanied•@by•@quartz•D

•@•@•@Nakano•@•i1981•j•@reported•@analcime•@which•@wraps•@jadeite•C•@both•@grown•@in•@vesicles•@of•@greenstones•@in

the•@Pirashuke•@Unit•D•@Such•@occurrence•@has•@not•@been•@observed•@in•@the•@examined•@samples•C•@by•@this•@study•D

•@•@•@ln•@the•@analcime•|bearing•@greenstone•@bodies•@in•@the•@Mikawa•@Unit•C•@some•@unidentifiable•@fine•|grained

felsic•@minerals•@inferred•@as•@zeolite•C•@partly•@replacing•@plagioclase•C•@are•@rarely•@observed•D•@A•@XRD•@analysis

detected•@natrolite•@peaks•@from•@one•@of•@these•@rocks•D

Prehnite

•@•@•@Prehnite•@occurs•@in•@the•@greenstone•@bodies•@containing•@analcime•D•@Prehnite•@occurs•@tabular•@to•@blocky

crystals•@filling•@veins•C•@occasionally•@together•@with•@analcime•D

Garnet

•@•@•@Garnet•@is•@observed•@in•@one•@picritic•@sample•@from•@the•@Pirashuke•@Unit•D•@lt•@is•@granular•@shaped•C•@showing

slight•@birefringence•C•@hence•@is•@considered•@as•@Ca•Eˆêgarnet•D

‚ð

Mineral•@assemblages•@in•@each•@unit

1•D•@Shizunai•@Unit

•@•@•@Ten•@samples•@from•@the•@Shunbetsu•@River•@area•C•@neighboring•@north•@from•@the•@study•@area•C•@are•@added•@for

examination•@on•@the•@Shizunai•@Unit•D•@Observed•@assemblages•@are•@as•@follows•@•i•{•@ab•@•{•@ti•@•}•@qz•@•}•@arg•@•}

wm•G•@numbers•@in•@parenthesis•@indicate•@number•@of•@saniples•j•F

•@•@•@•@Olw•@•{•@chl•@•{•@hm•@•i1•j

•@•@•@•@‡Apm•{’@x•{chl•{hm•i2•j

•@•@•@•@‡BPm•{’@x•{ch1•}py•i2•j

•@•@•@•@•—pm•@•{•@npx•@•{•@rb•@•{•@chl•@•{•@hm•@•i1•j

•@•@•@•@‡DPm•{’@x•{rb•{ch1•i1•j

•@•@•@•@•—pm•@•{•@chl•@•{•@hm•@•i1•j

•@•@•@•@•—pm•{chl•@•}•@py•i2•j

•@•@•@•@•—npx•@•{•@chl•@•{•@hm•@•i1•j

•@•@•@•@‡H’@x•{ch1•i2•j

•@•@•@•@•—stp•@•{•@chl•@•{•@hm•@•i3•j

•@•@•@•@•—stp•@•{•@chl•@•{•@lim•@•ipy•H•j•@•i1•j
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•@•@•@•@•—chl•@•{•@hm•@•i21•j

•@•@•@•@•—chl•@•}•@py•@•i10•j•@total•F•@n••48•@samples
•@•@•@Most•@samples•@of•@the•@dominant•@assemblages•@•—•@and•@•—•@contain•@carbonate•C•@heBce•D•@it•@is•@inferred

that•@Ca•|Al•@silicates•@tend•@to•@be•@unstable•@in•@the•@Shizunai•@Unit•D•@The•@rest•@assemblages•@suggest•@that•@the

pumpellyite•@•{•@hematite•@is•@stable•C•@and•@lawsonite•@is•@also•@stable•D•@The•@characteristics•@are•@common•@with•@the

metabasites•@in•@the•@Futagawa•@Unit•@described•@below•C•@however•C•@lawsonite•@is•@far•@less•@common•@•ifound•@in

only•@one•@samp•ne•j•@in•@the•@Shizunai•@Unit•D•@These•@can•@thus•@be•@grouped•@as•@•gPH•|type•h•D•@Sodic•@pyroxene

occurring•@as•@vein•@minerals•C•@which•@does•@not•@coexist•@with•@quartz•C•@containjadeite•@component•@ranging•@O•@to

25•@molO•^o•@•iFig•D•@52•j•D

2•D•@Futagawa•@Unit

•@•@•@The•@metamorphic•@mineral•@assemblage•@typical•@in•@the•@Futagawa•@Unit•@is•@lawsonite•@•{•@pumpellyite•@•{

chlorite•@•{•@hematite•C•@with•@albite•C•@titanite•C•@quartz•@and•@aragonite•D•@Mineral•@assemblages•@observed•@in•@this

unit•@are•@listed•@as•@follovvs•@•i•{•@ab•@•{•@ti•@•}•@qz•@•}•@arg•@•}•@wm•G•@numbers•@in•@parenthesis•@indicate•@number•@of

samples•j•F

‡@‡A‡B‡C‡D‡E‡F‡G‡H‡I‡J‡K‡L‡M‡N‡O‡P‡L

•@•@•@In•@assemblages•@•ii•n•p•@and•@•—•C

both•@do•@not•@coexist•D

Iw•{chl•{hm•i11•j

lw•{chl•@•}•@py•@•i4•j

lw•{pm•{chl•{hm•i10•j

lw•{pm•{chl•@•}•@py•i3•j

pm•@•{•@npx•@•{•@chl•@•}•@py•@•i4•j

pm•@•{•@npx•@•{•@chl•@•{•@hm•@•i2•j

pm•{chl•@•}•@py•@•i3•j

pm•@•{•@chl•@•{•@hm•@•i2•j

pm•@•{•@npx•@•{•@rb•@•{•@chl•@•{•@py•H•@•i1•j

npx•@•{•@rb•@•{•@chl•@•i1•j

’@x•{chl•{hm•iD

npx•@•{•@chl•@•}•@py•@•i4•j

chl•@•}•@py•@•i9•j

chl•@•{•@hm•@•i20•j

lw•@•{•@pm•@•{•@npx•@•{•@chl•@•{•@hm•@•i3•j

lw•{pm•{npx•{chl•@•}•@py•i5•j

lw•@•{•@pm•@•{•@rb•@•{•@ch•@l•@•{•@py•@•i1•j

ep•@•{•@pm•@•{npx•{•@rb•@•{•@chl•{•@py•H•@•i1•j•@total•F•@n•@•F85•@samples

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@either•@lawsonite•@or•@sodic•@pyroxene•@is•@rarely•@contained•C•@and•@generally

•@•@•@•@•@•@•@•@Lawsonite•@never•@coexist•@with•@sodic•@amphibole•@in•@•—•D•@Therefore•C•@it•@is•@possible•@to
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consider•@that•@these•@assemblages•@are•@mix•@of•@the•@other•@assemblages•@sector•@by•@sector•@in•@single•@section•E

Assemblages•@•igt•jˆê•—•@are•@rather•@common•@in•@the•@Pirashuke•@Unit•C•@therefore•C•@it•@is•@also•@possible•@that•@they

are•@of•@transitional•@type•D•@Based•@on•@the•@assumptions•@of•@these•@exception•C•@and•@with•@additional•@exception•@of

chlorite•@•{•@carbonate•@assemblages•@•i•—•@and•@•—•j•@which•@may•@be•@strongly•@controlled•@by•@fCO2•C•@the•@rest

assemblages•@are•@comprehensive•@under•@A120•F•@ˆê•@CaO•@ˆê•@RO•@•iFeO•@•{•@MgO•j•@ˆê•@Fe20r•C•@system•@with•@excess

albite•C•@quartz•C•@and•@white•@mica•C•@and•@simply•@displayed•@in•@Fig•D•@53a•D•@The•@characteristic•@of•@the•@Futagawa

Unit•@is•@the•@existence•@of•@pumpellyite•@ˆê•@hematite•@join•C•@and•@the•@absence•@of•@lavvsonite•@•{•@sodic•@pyroxene

join•C•@with•@common•@occurrence•@of•@lawsonite•@and•@aragonite•D•@Thus•C•@the•@assemblages•@are•@herein•@grouped

as•@•gLPH•@ˆêtype•h•C

•@•@•@Sodic•@pyroxenes•@which•@occur•@in•@veins•@with•@quartz•@show•@jadeite•@contents•@ranging•@8•@to•@38•@molO•^o

•iFig•D•@52•j•D

3•D•@Pirashuke•@Unit

Pr•|2•@Sub•|unit•F

•@•@•@The•@metamorphic•@mineral•@assemblage•@typical•@in•@the•@Pr•|2•@Sub•Eˆêunit•@is•@lawsonite•@•{•@sodic•@pyroxene•@•{

pumpellyite•@•{•@chlorite•C•@with•@albite•C•@titanite•C•@quartz•@and•@aragonite•D•@Mineral•@assemblages•@observed•@in•@this

“c11t•@are•@listed•@as•@follows•i•{ab•{ti•}qz•}arg•}wm•Gnumbers•@in•@parenthesis•@indicate•@number•@of

samples•j•F

‡@‡A‡B‡C‡D‡E‡F‡G‡H‡I‡J‡K‡L‡M‡N‡O‡Plw•@•{•@chl•@•{•@hm•@•i2•j

lw•@•{•@pm•@•{•@chl•@•{•@py•@•i1•j

lvv•@•{•@npx•@•{•@chl•@•{•@hm•@•i4•j

lw•{npx•{chl•@•}•@py•i9•j

lw•@•{•@pm•@•{•@npx•@•{•@chl•@•}•@py•@•iIO•j

1w•{Pm•{’@x•{chl•{hm•i1•j

Iw•@•{•@npx•@•{•@rb•@•{•@chl•@•{•@py•@•i4•j

lw•@•{•@pm•@•{•@npx•@•{•@rb•@•{•@chl•@•{•@py•@•i2•j

pm•{npx•{chl•@•}•@py•i7•j

pm•{npx•{rb•{chl•@•}•@py•i7•j

npx•@•{•@rb•@•{•@chl•@•{•@hm•@•i2•j

npx•@•{•@rb•@•{•@chl•@•}•@py•@•i5•j

pm•{rb•{ch•@l•@•}•@py•i2•j

’@x•{ch’u•{hm•i3•j

npx•@•{•@chl•@•}•@py•@•i5•j

pm•{chl•{py•i1•j

rb•@•{•@chl•@•{•@hm•@•i1•j
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‚â•@•@•f•@•x•@ŠÄˆê

•Ú•wˆê“ï“ïi•§•§èc•§1

•—•@rb•{chl•@•}•@py•i2•j

•—•@chl•{hm•i1•j

•—•@chl•@•}•@py•i3•j

21•@ep•@•{•@lw•@•{•@pm•@•{•@npx•@•{•@chl•{•@py•@•i1•j

22•@ep•{pm•{npx•{rb•{chl•{py•i1•j

23•@act•@•{•@gar•@•{•@chl•@•{•@py•@•i1•j total•F•@n••75•@samples

•@•@•@The•@epidote•|bearing•@assemblages•@21•@and•@22•@are•@rather•@common•@in•@the•@Pr•|1•@Sub•|unit•C•@hence•@are

considered•@as•@transitional•@samples•@to•@the•@Pr•|1•@Sub•|unit•D•@One•@ofthe•@characteristics•@ofthe•@Pr•|2•@Sub•Eˆêunit

is•@the•@absence•@of•@pumpellyite•@•{•@hematite•@•Eˆêbearing•@assemblage•C•@except•@one•@sample•@showing•@•—•@in

which•@hematite•@occur•@as•@vein•D•@Another•@characteristic•@is•@the•@common•@occurrence•@of•@lawsonite•@•{•@sodic

pyroxene•@ˆêbearing•@assemblages•@•—ˆê•—•D•@ln•@additio•C•@n•C•@a•@few•@samples•@containing•@lawsonite•@•{•@sodic

amphibole•@are•@also•@seen•@•i•iiZ•j•@and•@•—•j•D•@These•@characteristics•@may•@be•@explained•@on•@the•@FAC•@plot•@•iFig•D

53b•j•C•@in•@which•@the•@lawsonite•@ˆê•@sodic•@pyroxene•@join•@exists•@in•@place•@of•@the•@pumpellyite•|hematite•@join•D

Thus•C•@the•@association•@can•@be•@grouped•@as•@•gLN•Eˆêtype•h•D

•@•@•@Sodic•@pyroxenes•@which•@occur•@in•@veins•@with•@quartz•@show•@jadeite•@contents•@ranging•@15•@to•@35•@molO•^o

•iFig•C•@52•j•D•@A•@sample•@contains•@nearly•@pure•@jadeite•@which•@grew•@in•@amigdules•C•@wrapped•@in•@albite•@and

carbonate•D

P–m1Sub•|unit

•@•@The•@characteristic•@of•@this•@sub•|unit•@is•@the•@occurrence•@of•@epidote•|bearing•@assemblages•D•@Mineral

assemblages•@observed•@in•@this•@unit•@are•@listed•@as•@follows•@•i•{•@ab•@•{•@ti•@•}•@qz•@•}•@arg•@•}•@wm•G•@numbers•@in

parenthesis•@indicate•@number•@of•@saniples•j•F

‡@‡A‡B‡C‡D‡E‡F‡G‡H‡I‡J‡K‡Ljw•{’@x•{chl•{hm•i1•j

lw•{npx•{chl•@•}•@py•i5•j

lw•@•{•@pm•@•{•@npx•@•{•@chl•@•{•@hm•@•i1•j

Iw•{Pm•{’@x•{chl•}py•i8•j

lw•{pm•{’@x•{rb•{ch1•i1•j

lw•{’@x•{rb•{ch1•i1•j

ep•{1w•{pm•{’@x•{ch1•{hm•iD

ep•{lw•{npx•{rb•{chl•{py•i1•j

ep•{lw•{Pm•{’@x•{ch1•i1•j

ep•{lw•{pm•{chl•{py•i1•j

lw•{chl•{py•i1•j

ep•@•{•@pm•@•{•@chl•@•{•@py•@•i2•j

ep•@•{•@npx•@•{•@chl•@•{•@hm•@•i2•j
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‡M‡N‡O‡P‡L‡R‡S212223242526272829303132333435

•@•@•@Assemblages

characterized•@by•@the

characterized•@by•@the•@occurrence•@of•@epidote•C

pumpellyite•D•@The•@assemblages•@•i•—•@to•@35•j•@which•@does•@not•@contain•@lavvsonite•@•{•@sodic•@pyroxene•@pair•@may

be•@roughly•@explained•@in•@Fig•D•@53c•C•@in•@which•@the•@epidote•|hematite•@join•C•@the•@epidote•|sodic•@pyroxene•@join•C

and•@the•@epidote•Eˆêpumpellyite•@join•@exist•C•@whereas•@the•@lawsonite•|sodic•@pyroxene•@join•@and•@the

pumpellyite•|hematite•@join•@are•@absent•D•@Thus•C•@these•@assemblages•@can•@be•@grouped•@as•@•gENP•|type•h•D

However•C•@more•@local•@and•@detailed•@description•@wM•@be•@needed•@because•@relation•@between•@sodic

amphibole•@and•@other•@minerals•@has•@not•@been•@explained•D

•@•@•@Sodic•@pyroxenes•@which•@occur•@in•@veins•@vvith•@quartz•@show•@jadeite•@contents•@ranging•@11•@to•@34•@molO•^o

•iFig•D•@52•j•D•@Sodic•@pyroxenes•@replacing•@igneous•@augite•@shovv•@relatively•@low•@jadeite•@contents•@ranging•@2•@to

19•@molO•^o•D

ep•{npx•{chl•@•}•@py•i4•j

ep•@•{•@npx•@•{•@rb•@•{•@chl•@•i1•j

ep•@•{•@pm•@•{•@npx•@•{•@rb•@•{•@act•@•{•@chl•@•{•@py•@•i1•j

ep•@•{•@pm•@•{•@npx•@•{•@rb•@•{•@chl•@•{•@py•@•i1•j

ep•@•{•@pm•@•{•@act•@•{•@chl•@•{•@py•@•i1•j

ep•@•{•@chl•@•{•@py•@•i4•j

all•@•{•@npx•@•{•@chl•@•i1•j

all•@•{•@rb•@•{•@chl•@•i1•j

all•@•{•@chl•@•{•@hm•@•i1•j

pm•@•{•@chl•@•{•@py•@•i5•j

pm•@•{•@npx•@•{•@chl•@•{•@py•@•i4•j

pm•@•{•@npx•@•{•@rb•@•{•@chl•@•}•@py•@•i4•j

pm•@•{•@rb•@•{•@chl•@•}•@py•@•i2•j

pm•@•{•@rb•@•{•@act•@•{•@chl•@•{•@py•@•i1•j

npx•@•{•@chl•@•{•@hm•@•i1•j

npx•@•{•@chl•@•}•@py•@•i5•j

npx•@•{•@rb•@•{•@act•@•{•@chl•@•i1•j

npx•{rb•{chl•@•}•@py•i5•j

rb•@•{•@ch•@l•@•}•@py•@•i7•j

act•@•{•@chl•@•{•@py•@•i1•j

chl•@•{•@hm•@•i8•j

chl•@•}•@hm•@•i6•j•@total•F•@n••91•@samples
•@•@•@•@•@•@•i1•j•@to•@•—•@are•@common•@with•@the•@LN•|type•@metabasites•@in•@the•@Pr•|2•@Sub•|unit•C

•@•@•@•@•@•@•@•@•@lavvsonite•@•{•@sodic•@pyroxene•@pair•D•@Assemblages•@•—•@to•@•—•@and•@•—•@to•@•—•@are

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@most•@of•@which•@coˆêˆê•Zccur•@with•@sodic•@pyroxene•@and•^or
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Metadolerite•@Sub•|unit

•@•@•@No•@sample•@in•@this•@sub•|unit•@contains•@aragonite•D

•iDep•{hb•@•}•@act•@•}•@chl•i7•j

•—ep•@•{•@pm•@•{•@npx•@•{•@act•@•{•@hb•@•{•@chl•@•{•@py•@•i1•j

•—ep•@•{•@pm•@•{•@npx•@•{•@chl•@•{•@py•@•i1•j

•—ep•@•{•@pm•@•{•@chl•@•i1•j

•—ep•@•{•@pm•@•{•@act•@•{•@chl•@•{•@py•@•i1•j

•—ep•@•{•@npx•@•{•@chl•@•{•@py•@•i9•j

•iIZ•jep•{npx•{act•@•}•@hb•{chl•@•}•@py•i3•j

•i8•j•@ep•@•{•@act•@•{•@chl•@•{•@py•H•@•i2•j

•—npx•@•{•@act•@•{•@chl•@•{•@py•@•i1•j

•—npx•@•{•@chl•@•}•@py•@•i2•j

•—act•{chl•@•}•@py•@•i4•j•@total•F•@n••25
•@•@•@Epidote•@is•@common•@in•@the•@Metadolerite•@Sub•|unit•D•@The•@assemblage•@O•@is•@composed•@dominantly•@of

epidote•@•{•@albite•@•{•@bluish•|green•@hornblende•C•@with•^without•@retrogressive•@actinolite•C•@thus•@showing•@an

epidote•|amphibolite•@assemblage•D•@These•@epidote•|amphibolites•@occur•@only•@as•@floated•@blocks•@in•@Holocene

Iandslide•@debris•@in•@the•@study•@area•D•@Nakano•@•i1981•j•C•@however•C•@reported•@epidote•|amphibolite•@from•@north

extension•@ofthe•@sub•|unit•D

•@•@•@The•@assemblages•@•—•@to•@•—•@contain•@epidote•@•{•@pumpellyite•@•}•@sodic•@pyroxene•C•@identical•@to•@the

EN•|type•D•@The•@assemblages•@•—•@and•@•—•@contain•@epidote•@•{•@actinolite•@without•@pumpellyite•D•@They•@suggest

that•@both•@pumpellyite•|sodic•@pyroxene•@and•@pumpellyite•|chlorite•@joins•@are•@abse‘Ï•iFig•D53d•j•C•@whicll•@are

the•@characteristic•@of•@the•@greenschist•@facies•@•ihere•@termed•@as•@EA•|type•j•D•@The•@assemblages•@•—•@and•@•—ˆê•E•iD

can•@be•@identified•@as•@EN•|type•D•@However•C•@epidote•@commonly•@contact•@with•@relict•@augite•@in•@the•@assemblage

•—•C•@unlike•@in•@the•@Pr•|1•@Sub•|unit•D•@Hence•C•@it•@is•@also•@possible•@to•@consider•@•—•@as•@a•@variation•@of•@the

pumpellyiteˆêˆêfree•C•@greenschist•@facies•@•itemporarily•@termed•@as•@•gEX•hˆêtype•j•C•@ifrelict•@augite•@is•@treated•@as•@a

metastable•@Al•|poor•C•@Ca•|Fe•|Mg•@bearing•@phase•@in•@place•@of•@actinolite•@•iFig•D•@53•j•D

•@•@•@Sodic•@pyroxenes•@occurring•@in•@this•@sub•|unit•@usually•@do•@not•@coexist•@vvith•@quartz•D•@Analyzed•@pyroxenes

are•@sodian•@augite•@to•@aegirine•@augite•@with•@lowjadeite•@contents•@ranging•@O•@to•@12•@molO•^o•@•iFig•D•@52•j•D

4•D•@Mikawa•@Unit

•@•@•@Greenstones•@of•@the•@Mikawa•@Unit•@are•@divided•@into•@two•@major•@groups•D•@The•@LST•@greenstones•@contain

zeolite•@and•^or•@prehnite•C•@and•@never•@contain•@aragonite•D•@The•@OIB•@greenstones•@contain•@aragonite•C•@lawsonite•C

sodic•@pyroxene•@etc•D
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•Ds•E•D•f•E•Dƒm•w•@•@•@ƒ••@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•F•@•ff•f•h•f•@•f

LST•@type

•@•@Mineral•@assemblages•@observed•@in•@this•@type•@are•@listed•@as•@follows•@•i•}•@ti•@•}•@cc•@•}•@wm•G•@numbers•@in

parenthesis•@indicate•@number•@of•@samples•j•F

‡@‡A‡B‡C‡D‡E‡F

they

pumpellyite•@facies•D•@Thus•C•@they•@can•@be•@grouped•@as•@•gZ•|type•h•D•@Analcime•@•{•@quartz•@assemblage•@has•@not

been•@observed•@in•@the•@examined•@thin•@sections•D•@However•D•@there•@are•@three•@samples•@in•@which•@plagioclase•@is

not•@albitized•C•@hence•@some•@are•@possibly•@metamorphosed•@under•@lower•@temperature•@than•@the•@stability•@field

of•@albite•@•iTh•@ompson•C•@1•@97•@1•@•j•D

anc•@•}•@ab•@•{•@smc•^chl•@•}•@py•@•i3•j

anc•{pm•{ab•{smc•@•}•@chi•@•}•@py•@•i3•j

anc•@•{•@nat•@•{•@pm•@•{•@ab•@•{•@smc•^chl•@•i1•j

anc•{prh•@•}•@ab•{smc•@•}•@chl•{py•i4•j

prh•@•}•@ab•{smc•{py•i2•j

prh•@•{•@pm•@•{•@ab•@•{•@smc•@•{•@chl•H•@•{•@py•@•i1•j

pm•{qz•{ab•{smc•@•i1•j•@total•F•@n••••15•@samples

Common•@occurrences•@of•@prehnite•@and•@the•@absence•@of•@any•@high•|pressure•@type•@minerals•@suggest•@that

•@were•@metamorphosed•@under•@low•|pressure•@conditions•C•@i•De•D•@the•@zeolite•@facies•@to•@prehniteˆê

OIB•@type

Oep•@•{•@pm•@•{•@chl•@•{•@py•@•i1•j

•—ep•@•{•@pm•@•{•@npx•@•{•@py•@•i2•j

•—lw•@•{•@npx•@•{•@chl•@•i1•j

•—lw•@•{•@pm•@•{•@chl•@•i1•j

•—lw•@•{•@chl•@•{•@py•@•i1•j

•—lw•@•{•@pm•@•{•@chl•@•{•@hm•@•i1•j

•iD•@pm•@•{•@npx•@•{•@chl•@•{•@hm•@•i1•j

•i8•jpm•{npx•{chl•@•}•@py•i6•j

‡HPm•{’@x•{rb•{chl•}py•i2•j

•—pm•{chl•{hm•i1•j

•—pm•{chl•@•}•@py•i9•j

•—npx•@•{•@chl•@•{•@hm•@•i2•j

•—stp•@•{•@py•@•i1•j

•—chl•{hm•i11•j

•i1•nll•„chl•@•}•@py•@•ill•j•@total•F•@n••51•@samples

Among•@these•@assemblages•C•@•i1•j•@and•@•—•@contain•@epidote•C•@vvhich•@is•@the•@characteristic•@of•@the•@ENPˆê
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type•@greenstone•D•@The•@assemblages•@•—•@to•@•—•@contain•@lawsonite•C•@and•@•—•@shows•@lawsonite•@•{•@sodic

pyroxene•{Pumpellyite•iLN•|type•j•Ea•I1d‡Eshows•@lawsonite•{Pul’@ellyite•{11ematite•iLPH•|type•j•D

The•@assemblages•@•iZ•j•@and•@•i•mD•@contain•@pumpellyite•@•{•@hematite•C•@also•@identical•@to•@the•@LPN•|type•D•@The•@rest

assemblages•@•irelatively•@poor•@in•@Al•@or•@high•@variant•j•@are•@common•@in•@all•@of•@EN•C•@LN•C•@and•@LPH•@types•C

•@•@•@Sodic•@pyroxenes•@occurring•@in•@veins•@contain•@jadeite•@contents•@ranging•@4•@to•@32•@molO•^o•D•@however•C•@ones

coexisting•@quarts•@show•@relatively•@lowjadeite•@contents•@•i4•|1•@1•@molO•^o•G•@Fig•D•@52•j•D

Metamorphic•@condition

•@•@•@Metamorphic•@mineral•@assemblages•@in•@metabasites•@of•@the•@lwashimizu•@Complex•@are•@classified•@as

major•@LPH•C•@LN•C•@EN•@ˆêtypes•C•@vvith•@minor•@epidote•@ˆê•@calcic•@amphibole•@assemblages•@such•@as•@greenschist

•iEA•|type•j•@and•@epidote•|amphibolite•D•@Though•@detailed•@paragenetic•@analysis•@reflecting•@mineral•@chemistry

in•@the•@lwashimizu•@Complex•@has•@not•@been•@achieved•@on•@the•@three•@major•@types•C•@tliey•@are•@consistent•@with

paragenetic•@study•@on•@the•@Mariana•@Forearc•@by•@Maekawa•@et•@al•D•@•i1995•F•@Fig•D•@54•j•D•@Based•@on•@his•@analys•@is•D

the•@epidote•|free•@LPH•@assemblage•@occurs•@in•@the•@low•|temperature•@and•@low•|pressure•@side•@in•@the•@pressure•|

temperature•@space•@relative•@to•@the•@other•@assemblages•C•@because•@the•@assemblage•@can•@only•@exist•@between

the•@ullivariallt•@lines•iE•jalld•iN•j•D•@The•@epidote•|fi•Eee•@LN•@assemblage•@can•@exist•@between•@the“clivariant

Iines•@•iE•j•@and•@•iP•j•@ifsaturated•@with•@chlorite•C•@hence•@occupies•@the•@low•|temperature•@and•@high•|pressure•@side•D

The•@ENP•|type•@at•@the•@high•|temperature•@side•C•@between•@the•@univariant•@lines•@•iN•j•@and•@•iP•j•D•@Thus•C•@it•@is

suggested•@that•@the•@Shizunai•@and•@Futagawa•@Units•@were•@metamorphosed•@under•@lowgr•@temperature•@and

lower•@pressure•@condition•@than•@the•@Pirashuke•@Unit•D

•@•@•@This•@application•@is•@consistent•@with•@analyzed•@chemical•@compositions•@of•@pumpellyite•@and•@sodic

pyroxene•D•@The•@Shizunai•@and•@Futagawa•@Units•@contain•@Feˆêˆêrich•@pumpellyite•C•@suggesting•@a•@lowˆêˆê

temperature•@condition•@•iSchiffinan•@and•@Liou•C•@1983•j•D•@Sodic•@pyroxenes•@of•@the•@Shizunai•@Unit•@contain•@less

jadeite•@component•@•ithough•@they•@do•@not•@coexist•@with•@quartz•j•@than•@other•@units•C•@suggesting•@lower•@pressure

condition•@•iPopp•@and•@Gilbert•C•@1972•j•@than•@other•@units•D

•@•@•@The•@jadeite•|poor•@sodic•@pyroxenes•C•@though•@wh•Dich•@do•@not•@coexist•@with•@quartz•D•@implies•@that•@much

metabasites•@of•@the•@Metadolerite•@Sub•|unit•@were•@metamorphosed•@under•@higher•@temperature•@•iand•@also

possibly•@lovver•@pressure•j•@conditions•@than•@the•@Pr•|1•@and•@Pr•|2•@Sub•|units•D•@Absence•@of•@aragonite•C•@and•@the

existence•@of•@the•@EA•C•@EX•@and•@epidote•|amphibolite•@assemblages•@without•@pumpellyite•@support•@this

111tel•f •‚’‚?‚”‚•‚”‚‰‚•‚P1•C

•@•@•@Based•@on•@above•@discussion•C•@the•@metamorphic•@condition•@of•@each•@unit•@can•@be•@roughly•@estimated•@as

displayed•@in•@Fig•D•@55•D

1•D•@Shizunai•@Unit

•@•@•@The•@coexistence•@ofjadeite•|poor•@•iJd•q25•@molO•^o•j•@pyroxenes•@and•@aragonite•@is•@only•@allovved•@by•@very

low•|temperature•@and•@medium•|pressure•@condition•@•i•q2000C•@and•@•q5kb•j•D•@The•@condition•@is•@restricted
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•@•@•@•@•I
•@•@•@•@•I
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dNP•|type•h
•@•^ƒm

•^

•f

•@•@•@•@•@•@•@•Dˆê•DL•@•D•Dˆê•A•B•@•@•@•@•@•@•@•@•@•@•@•Dƒm
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•@•@•@•FfQ•gPHŒûtypes—Ê
•ic i•jV

C•C
j

•I•@•D

•iN•j

›T“i

•iL•j

Fig•D54•D•@Metamorphic•@mineral•@assemblages•@applied•@to•@the•@Schreinemakers•f•@b‚µindle•@for•@six•|phase•@equilibrium

system•@by•@Maekawa•@et•@a1•D•i1995•jL•FIawsollite•A•@C•Fch•@lorite•A•wN•FNa•|pyroxene•D•@E•Fepidote•A–m1•Fhematite•C•@P•F

pumpellyite•D
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Fig•D55•D•@In•@fe•@ri•Eed•@P•|T•@conditions•@fbr•@the‚µmlts•^subˆê‚µmits•@in•@the•@Iwashimizu•@Complex•D•@Solid•@lines•Fdetemmined

by•@experimental•@st‚µidies•Gdashed•@lines•Festimated•@by•@natural•@paragenesis•ERe•Fferences•F•iDPoPP••Gilbert
•i1972•j•C•@•i2•jJohannes•@•••@Puchan•@•i1971•j•C•@•i3•jNitsch•@•i1971•j•C•@•i4•j•@Liou•@et•@ai•D•@•i1985•j•C•@•i5•j•@Liou•@•i197i•j•C•@•i6•j

Schiffinan•@•••@Liou•@•i1•@983•j•C•@•i7•j•@Thompson•@•i1971•j•D•@•i8•j•@Nitsch•@•i1968•j•D•@Jadeite•@isopleths•F•@calculated•@by•@the

method•@after•@Popp•@•••@Gilbert•@•i1972•j•D
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between•@the•@stability•@field•@of•@aragonite•@•iJohannes•@•••@Puhan•C•@1971•j•@and•@the•@jadeite•|acmite•@isopleth

calculated•@by•@the•@method•@after•@Popp•@and•@Gilbert•@•i1972•j•C•@as•@discussed•@in•@Maruyama•@and•@Liou•@•i1985•j•E

The•@absence•@ofanalcime•@and•@common•@occurrence•@ofalbite•@limit•@the•@minimum•@possible•@temperature•@as

100•Ž•iTh•Emp•E•c1971•j•Et1•ìs•@mi•Eill•EuM•@P•cibl•Ep•Eessu•Ee•@i•Ee•Etim•Et•Ed•@t•Ebe•@ca•C3•D5kb•D•@The•@e•Etimat•Ed

pressure•@•i3•D5ˆêˆê5kb•j•@suggests•@that•@the•@unit•@was•@formed•@at•@depth•@about•@15km•C•@ifmean•@density•@ofoverlying

units•@is•@assumed•@as•@2•D7•@g•^cm3•D

2•D•@Futagawa•@Unit

•@•@•@Lavvsonite•@occasionally•@coexists•@with•@quartz•@in•@the•@Futagawa•@Unit•C•@hence•C•@the•@minimum•@possible

te1’@erature•@of•@this‚µlnit•@is•@estimated•@to•@be•@ca•D200•Ž•C•@according•@to•@the•@experimentally•@determined

stability•@field•@of•@lawsonite•@•{•@quartz•@•{•@water•@by•@Nitsch•@•i1968•j•D•@lt•@is•@difficult•@to•@estimate•@the•@upper•@limit

of•@possible•@temperature•D•@Schiffinan•@•••@Liou•@•i1983•j•@estimated•@the•@high•|temperature•@limit•@of•@Fe•|

pumpellyite•@as•@S•@2500C•@in•@high•|fO2•@conditions•@enough•@for•@hematite•@to•@exist•D•@The•@coexistence•@of•@quartz

and•@sodic•@pyroxenes•@with•@max•D•@38•@molO•^o•@jadeite•@component•C•@the•@common•@existence•@of•@aragonite•C•@and

the•@inferred•@possible•@temperature•@range•@•i200•|2500C•j•@allow•@an•@estimation•@of•@metamorphic•@pressure

approximately•@5•|6kb•@•iFig•D•@55•G•@about•@20km•j•D

3•D•@Pirashuke•@Unit

•@•@•@The•@LN•|type•@metabasite•@in•@the•@Pirashuke•@Unit•@commonly•@contain•@lavvsonite•@•{•@pumpellyite•D•@Liou•@et

al•C•@•i1985•j•@estimated•@the•@upper•|temperature•@stability•@limit•@of•@this•@assemblage•@around•@3000C•C•@and•@they

also•@suggested•@that•@the•@boundary•@moves•@toward•@the•@low•|temperature•@side•@as•@fO2•@increases•D•@This•@phase

boundary•@is•@correlative•@with•@the•@univariant•@line•@•iN•j•@in•@Fig•D•@54•@if•@Fe20r•C•@component•@is•@introduced•D•@Thus•D

the•@temperature•@cannot•@be•@the•@upper•@limit•@ofthe•@LN•|type•C•@which•@must•@occur•@at•@the•@higher•|pressure•@side

of•@the•@invariant•@point•@in•@Fig•D•@54•D•@However•C•@the•@LN•|type•@assemblage•@is•@inferred•@to•@have•@formed•@around

the•@temperature•@or•@lower•D

•@•@•@The•@stability•@field•@of•@the•@ENP•|type•@assemblage•@can•@be•@limited•@by•@the•@experimentally•@determined

stability•@limit•@of•@pumpellyite•@by•@Nitsch•@•i1971•@•F•@about•@350•Ž•j•D•@Sodic•@pyroxene•@•iJd••ca•D35•j•@and•@aragonite

cannot•@coexist•@at•@higher•@temperature•@than•@about•@this•@phase•@boundary•D•@The•@low•|temperature•@limit•@of•@the

ENP•|type•@assemblage•@can•@be•@determined•@by•@the•@univariant•@line•@•iN•j•@in•@Fig•D•@54•C•@thus•@correlative•@with•@the

phase•@boundary•@•i4•j•@in•@Fig•D•@55•@•i3000C•@or•@lower•j•D•@The•@lower•@temperature•@limit•@of•@epidote•@•iSchiffinan

and•@Liou•C•@1983•G•@boundary•@•i4•j•@in•@Fig•D•@55•j•@may•@also•@help•@the•@restriction•D

•@•@•@The•@Pr•|1•@and•@Pr•|2•@Sub•|units•@are•@thus•@inferred•@to•@have•@been•@metamorphosed•@at•@the•@temperature

ranging•@about•@250•|3500C•D•@Probab•ny•C•@the•@LN•|type•@formed•@at•@lower•@temperature•@than•@ca•D•@3000C•C•@and•@the

ENP•|type•@higher•@than•@that•D•@To•@take•@the•@coexistence•@of•@sodic•@pyroxene•@•iJd••ca•D35•j•@and•@aragonite•@into

account•C•@the•@depth•@where•@the•@Pr•|1•@and•@Pr•|2•@Sub•|units•@were•@formed•@is•@inferred•@to•@be•@7•|8kb•@and•@6•|7kb•C
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•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•e

respectively•@•iFig•D•@55•j•D

•@•@•@lt•@is•@diŒÞcult•@to•@estimate•@metamorphic•@condition•@of•@tlle•@Metadoler“Ÿte•@Sub•Bunit•D•@EA•|type

•igreenschist•j•@and•@epidote•|amphibolite•@were•@formed•@at•@higher•@temperature•@than•@the•@stability•@limit•@of

pumpellyite•@•ica•D•@3500C•F•@Nitsch•C•@1971•G•@boundary•@•i3•j•@in•@Fig•D•@55•j•D•@Much•@of•@the•@rest•@metabasites•@are•@also

pumpellyite•@free•@•iEXˆêˆêtype•j•C•@possibly•@formed•@at•@higher•@temperature•@of•@the•@limit•@as•@greenschist•D•@Jadeite•|

poor•@sodic•@pyroxenes•@•iJd•q12•@molO•^o•j•@imply•@relatively•@lower•@PIT•@conditions•@as•@high•|pressure

intermediate•@series•D

4•D•@Mikawa•@Unit

•@•@•@The•@LST•@greenstones•@never•@contain•@aragonite•C•@lawsonite•C•@sodic•@pyroxene•C•@and•@other•@high•|PIT•@type

minerals•D•@This•@Z•|type•@characteristic•@suggests•@that•@the•@greenstones•@were•@metamorphosed•@at•@pressure

lower•@than•@both•@aragonite•^calcite•@boundary•@•iJohannes•@and•@Puhan•C•@1971•j•@and•@the•@lower•|pressure

stability•@limit•@of•@lawsonite•@•{•@quartz•@•{•@water•@determined•@by•@Liou•@•i1971•j•D•@They•@are•@thus•@considered•@to

have•@been•@metamorphosed•@at•@lower•@pressure•@than•@ca•D•@3kb•@•iFig•D•@55•j•D•@This•@condition•@is•@notably•@lower

than•@the•@other•@metabasites•@in•@the•@lwashimizu•@Complex•D

•@•@•@The•@rest•@OIB•@greenstones•@cominonly•@contain•@aragonite•D•@Most•@ofthem•@seem•@to•@be•@PHˆê•@or•@LPH•|type

assemblages•@without•@obvious•@deformation•D•@The•@low•@jadeite•@contents•@in•@sodic•@pyroxene•@suggest•@that•@the

metamorphic•@condition•@of•@them•@is•@correlative•@with•@that•@of•@tlie•@Shizunai•@Unit•D•@A•@few•@greenstones

containing•@epidote•@or•@lawsonite•@•{•@sodic•@pyroxene•@imply•@a•@possibility•@that•@a•@small•@amount•@of•@higher•|

grade•@rocks•@are•@also•@mixed•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Discussion

Origin•@of•@constituent•@lithofacies

•@•@•@Both•@OIA•@and•@OIT•@ˆêtype•@greenstones•@•itogether•@as•@OIB•|type•j•C•@the•@main•@constituent•@of•@the

Iwashimizu•@Complex•C•@are•@interpreted•@to•@originate•@oceanic•@intra•|plate•@seamounts•D•@Common•@occurrence

of•@pillow•@lava•C•@hyaloclastite•C•@intercalation•@of•@chert•@and•@hmestone•C•@all•@support•@this•@interpretat‚ßn•D•@Tlle

absence•@of•@any•@terrigenous•@clastic•@rocks•@or•@even•@particles•@within•@coherent•@greenstone•@sequence•@also

indicates•@that•@the•@basalts•@erupted•@in•@a•@pelagic•@circumstance•D•@These•@greenstones•@were•@cut•@by•@faults•@and

shear•@zones•@to•@be•@tectonic•@slices•C•@suffered•@the•@high•|PIT•@type•@metamorphism•C•@and•@novv•@comprises•@a•@part

of•@continental•@crust•@of•@Hokkaido•D•@Therefore•C•@the•@occurrences•@are•@best•@explained•@that•@the•@OIB•@ˆêtype

basalts•@erupted•@within•@oceanic•@crust•C•@then•@subducted•@beneath•@the•@continental•@margin•@to•@the•@mid•Eˆê•@to

lower•@crustal•@level•C•@tectonically•@sliced•@and•@accreted•@to•@the•@continental•@margin•C•@and•@finally•@exhumed•@to

the•@earth•fs•@surface•D•@Greenstones•@are•@variably•@deformed•C•@depending•@en•@metamorphic•@grade•@and•@original

position•C•@to•@be•@non•|deformed•@or•@schistose•@greenstone•@facies•C•@or•@greenstone•@lenses•^layers•@in•@the•@mixed
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1•D•@SEe•C•@v•\

Table•@9•D•@Summar•gy•@ofcharacteristics•@ofunits•@in•@the•@lwashimizu•@Complex•D•@The•@units•@are•@arran•Da•D•Ded•@iii

accordance•@with•@tectonostratigraphic•@order•@•isee•@Fig•D•@30•j•C•@except•@the•@Naizawa•@Complex•@for•@reference•D•@Bold

lines•F•@major•@fault•D

unit•Isub•|unit constituent•@lithologic•@facies
f•Bssil•@age•@of

•‚•‚„‚“‚”‚•‚Ž‚

greenstone

ƒ‚?‚…‚•‚‰‚“‚”‚’?

metamorphic

@•@•@type

•@•@inferred

•‚’‚‰‚‡‚‰‚Ž‚•‚Œ•@depth

Mikawa
•@•@•@•@mixed•@facies•@A

Ž‚•‚Ž•|defomed•@greenstone

Iate•@Valanginian

|Hauterivian

OIA•„Ol’š•„•„

@•@•@LST

Z•CPH•^LPH
i•{LN•C•@ENP•H•j

15•|20km•H

•‚­10km

Metadolerite metadolerite
•H

LST•i•E•q•jIB•H•j
ENP•C•@EA•@l•@EX•C

r•„ep•|amp
20•|25km•H•H•H

•¹—Ê•Ð•¶

Pr•|1
SChiStOSe•@greenStOne

@•@mixed•@facies•@C

•H OIA•„OIT•„•„

@•@•@LST
LN•C•@ENP 25•|30km

Pr•|2
schistose•@greenstone

@•@mixed•@facies•@B

•H
01A•i•{OIT•H•j LN 20•|25km

Futagawa non•|deformed•@greenstone

@•@•@•@mixed•@facies•@B
Early•@Cretaceous OIT•„OIA LPH•i•r•„LN•j ˆê20km

Shizunai

iNaizawa

bomplex•j

non•|defQrmed•@greenstone

@•@•@•@•@clastic•@facies

ƒ‚?‚…‚’‚”•Ituffaceous•@mudstone

Ž‚•‚Ž•|deformed•@LST•iB•|Unit•j

@•@mixed•@facies•iMN•EUnit•j

late•@Valanginian

@•|Hauterivian

hate•@Valanginian

|early•@Barremian

•@•@OIA

kST•„OIA
i•r•„OIT•H•j

PH

y•CPP

•`15km

­10km
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facies•@B•C•@or•@mafic•@schists•@in•@the•@mixed•@facies•@C•D

•@•@•@•@The•@chei•|tˆêˆêtuffaceous•@mudstone•@facies•@and•@the•@clastic•@facies•@occur•@as•@sheet•@bodies•@in•@the•@Shizunai

Unit•C•@alternating•@vvith•@greenstone•@slices•D•@Some•@of•@them•@comprise•@greenstone•@ˆê•@chert•@ˆê•@tuffaceous

mudstone•@ˆê•@clastic•@rocks•@sedimentary•@succession•C•@as•@first•@reported•@by•@Hori•@•••@Sakakibara•@•i1994•j•C

showing•@typical•@oceanic•@crust•@to•@trench•Eˆêfill•@sequence•@ranging•@late•@Triassic•@to•@Early•@Cretaceous•C•@Along

the•@Pisenai•@and•@Penkemoshiyoshi•@Creeks•C•@the•@chert•|clastic•@sequence•@overlies•@an•@alternation•@of•@chert

and•@OIA•|type•@dolerite•C•@intercalating•@hyaioclastite•D•@Therefore•C•@these•@sedimentary•@rocks•@are•@considered

to•@have•@deposited•@on•@and•@around•@the•@seamounts•D

•@•@•@The•@mixed•@facies•@B•@is•@also•@composed•@of•@greenstone•C•@chert•C•@tuffaceous•@mudstone•C•@and•@clastic

sedimentary•@rocks•D•@Though•@they•@completely•@lost•@their•@original•@sedimentary•@sequence•@because•@of•@severe

shearing•C•@the•@same•@constituent•@lithofacies•@as•@the•@greenstone•|chert•|clastic•@sequence•@suggests•@that•@they

originally•@comprised•@ocean•@ic•@crust•|trenchˆê’Ïsequences•D•@Mafic•@schist•@alld•@metaclle’u•¡of•@the•@mixed

facies•@C•@may•@also•@originate•@from•@seamounts•@and•@covering•@sediments•D

•@•@•@The•@LST•Eˆêtype•@greenstone•@bodies•@in•@the•@Pirashuke•@and•@Mikawa•@Units•@are•@inconsistent•@with•@the

interpretation•@discussed•@above•C•@because•@of•@their•@depleted•@chemical•@features•D•@These•@cheinical

characteristics•@are•@common•@with•@the•@Lower•@Sorachi•@Group•D•@Unlike•@the•@OIB•|type•@greenstones•C•@the•@LST•|

type•@ones•@are•@not•@accompanied•@by•@typical•@oceanic•@sediments•@such•@as•@red•@chert•@nor•@pelagic•@limestone•@as

the•@Lower•@Sorachi•@Group•@are•@not•D•@Therefore•C•@it•@is•@considered•@that•@the•@LST•|type•@greenstones•@originate

from•@the•@Lower•@Sorachi•@Group•C•@which•@structurally•@overlies•@the•@Kamuikotan•@Metabasites•@in•@the

no‹Èern•@Kamuikotan•@Zone•D

inner•@structure•@of•@a•@seamount•@collision•|type•@accretionary•@complex

•@•@•@As•@described•@in•@the•@former•@sections•C•@and•@according•@to•@the•@preliminary•@mapping•@in•@northern

extension•@ofthe•@study•@area•@•iFig•D•@27•j•C•@the•@most•@fundamental•@structure•@ofthe•@lwashimizu•@Complex•@is•@the

slab•|stack•@structure•C•@There•@is•@no•@difference•@in•@metamorphic•@grade•@between•@the•@slices•@in•@a•@single•@unit•@•ior

sub•|unit•G•@Fig•D•@48•j•D•@The•@structure•@thus•@suggests•@that•@the•@subducted•@seamounts•@were•@tectonically•@sliced

and•@stacked•@by•@thrusts•C•@forming•@the•@units•@at•@each•@depth•D

•@•@•@These•@u•@ll•@itS•C•@each•@of•@which•@fbrmed•@individual•@depth•C•@are•@ill•@fault•@co‹Qact•@to•@fbrm•@the•@pile•Cnappe

structure•D•@Froin•@the•@Shizunai•@Unit•@to•@the•@Pirashuke•@Unit•C•@metamorphic•@grade•@•iand•@inferred

metamorphic•@pressure•j•@increases•@structurally•@’@ward•@boullded•@by•@the•@‚µmit•|boundary•@faults

•iSummarized•@in•@Table•@9•j•D•@Because•@original•@sedimentary•@structures•@aH•@face•@normally•C•@the•@pile•|nappe

structure•@displays•@an•@inverted•@arrangement•@of•@metamorphic•@grade•D•@Thus•@the•@unit•|boundary•@faults•C
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whi•Eh•@divid•Ethe•@Shizunai•EF•Et•Eg•Ew•E•cdPi•Ea•Eh•Ek•EU•Eit•Ea•Ee•Ef•Eeverse•@tyP•E•Ethe•@lligher•|9•Cade‚µmit•C

overlie•@the•@lovver•|grade•@units•@by•@the•@faults•D•@This•@type•@of•@thrust•@structure•@can•@only•@be•@achieved•@vvith

conteniporaneous•@tinroofing•@in•@the•@hanging•@wall•@unit•C•@because•@without•@the•@unroofing•C•@the•@underthrust

unit•@must•@have•@suffered•@equal•@to•@or•@higher•@pressure•@metamorphism•@than•@the•@hanging•@wall•D•@There•@may

be•@another•@notable•@point•F•@if•@vve•@consider•@the•@seamount•@accretion•@occurred•@as•@underplating•C•@the•@inverted

arrangement•@of•@metamorphic•@grade•@suggests•@that•@the•@depth•@ofunderplating•@decreased•@gradually•D•@Hence•C

it•@is•@possible•@to•@consider•@that•@the•@Futagawa•@Unit•@underplated•@the•@already•@exhuming•@Pirashuke•@Unit

•iformed•@at•@25•|30km•@depth•j•@at•@the•@depth•@of•@ca•D•@20km•G•@The•@Shizunai•@Unit•@underplated•@both•@the

exhuming•@Futagawa•@and•@Pirashuke•@Units•C•@at•@ca•D•@15km•@depth•D•@According•@to•@this•@interpretation•D•@the

underplated•@seamount•@slices•@immediately•@turned•@up•@to•@be•@exhumed•D

•@•@•@Metamorphic•@grade•@of•@the•@Mikawa•@Unit•C•@is•@evidently•@lower•@than•@the•@structurally•@underlying•@Pr•|I

and•@Metadolerite•@Sub•|units•@•iPirashuke•@Unit•j•D•@The•@dominant•@assemblage•@in•@the•@Mikawa•@Unit•@is•@the•@PH

and•@LPH•@types•C•@and•@zeo•nite•^prehnite•Eˆêbearing•@•iZ•|type•j•@greenstones•@are•@also•@contained•D•@Hence•@bounded

by•@the•@Mikawa•@•^•@Pirashuke•@unit•|boundary•@fault•C•@the•@low•|grade•@•iPH•|type•j•@greenstones•@structurally

overlie•@the•@high•|grade•@•iENP•|type•@to•@epidote•|amphibolite•j•@rocks•D•@Along•@a•@branch•@of•@Pirashuke•@River•D•@a

low•|pressure•@Z•|type•@greenstone•@of•@the•@Mikawa•@Unit•@is•@in•@fault•@contact•@with•@a•@ENPˆêˆêtype•@greenstone•@of

the•@Pr•|1•@Sub•|Unit•D•@Thus•C•@there•@is•@a•@pressure•@gap•@up•@to•@3•|4•@kb•@across•@the•@unit•|boundary•@fault•@between

the•@Mikavva•@and•@Pirashuke•@Units•D•@Geometrically•C•@there•@may•@be•@two•@possible•@ways•@to•@produce•@this•@type

of•@fault•F•@one•@is•@normal•@faulting•C•@by•@which•@a•@low•|grade•@rocks•@can•@relatively•@slip•@down•@over•@a•@high•|grade

rocks•G•@the•@other•@is•@thrust•@faulting•@cutting•@tilted•@units•C•@by•@which•@a•@low•|grade•@rocks•@can•@be•@laterally

displaced•@to•@overlie•@a•@high•|grade•@rocks•@•iRing•@et•@al•D•C•@1999•j•D•@More•@information•@is•@needed•@to•@determine

the•@nature•@and•@origin•@of•@this•@fault•D•@However•C•@this•@boundai•fy•@fault•@seems•@to•@be•@the•@most•@likely•@candidate

which•@contributed•@unroofing•@of•@the•@Pirashuke•@Unit•C•@because•@it•@is•@the•@only•@known•@fault•@in•@this•@area•C

which•@implies•@a•@large•@vertical•@displacement•@with•@normal•@sense•D

Mode•@of•@seamount•@accretion

1•D•@Shizunai•@Unit

•@•@•@According•@to•@the•@examination•@on•@meta•Fnorphism•C•@the•@depth•@wherg•@Shizunai•@Unit•@was•@formed•@is

roughly•@estimated•@as•@ca•D•@1•@5•@km•C•@ln•@this•@unit•C•@slices•@composed•@of•@chert•C•@tuffaceous•@mudstone•C•@and•@clastic

rocks•@occur•@as•@internally•@near•|coherent•@slices•D•@They•@alternate•@with•@OIB•|type•@greenstone•@slices•@bounded

by•@faults•@and•@impassable•@shear•@zones•D•@Therefore•C•@both•@the•@subducted•@seamounts•@and•@covering

sediments•@were•@sliced•C•@and•@tectonically•@stacked•@together•@bounded•@by•@inter•|slice•@faults•@or•@thin•@shear

zones•D
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2•D•@Futagawa•@Unit

•@•@•@The•@Futagawa•@Unit•@is•@inferred•@to•@have•@formed•@at•@depth•@ofca•D•@20•@km•D•@ln•@this•@unit•C•@chert•C•@tuffaceovs

mudstone•C•@and•@siliciclastic•@rocks•@were•@dissected•@and•@sheared•@to•@be•@mappable•@shear•@zones•@•imixed•@facies

B•j•C•@which•@divide•@internally•@coherent•@and•@non•|deformed•@greenstone•@slices•D•@The•@occurrence•@indicate•@that

the•@sedimentary•@rocks•C•@which•@originally•@covered•@the•@subducting•@seamount•C•@could•@not•@keep•@its

seditnentary•@sequence•C•@and•@wholly•@acted•@as•@shear•@zone•@for•@greenstone•@slices•@to•@be•@stacked•D•@There•@may

be•@two•@reasons•@for•@the•@difference•@in•@occurrences•@of•@sedimentary•@rocks•@between•@the•@Futagawa•@and

Shizvnai•@Units•F

•@•@•@•f•@Difference•@in•@degree•@of•@strain•D•@Strain•@may•@be•@accumulated•@internally•@as•@sediments•@succeed•@to

•@•@•@•@subduct•D•@Hence•C•@for•@instance•C•@tlie•@sediments•@ofthe•@Futagavva•@Unit•C•@which•@subducted•@to•@the•@deeper

•@•@•@•@level•C•@lost•@their•@original•@sequence•@more•@than•@those•@of•@the•@Shizunai•@Unit•D•@However•C•@it•@may•@be

•@•@•@•@difficult•@to•@quantify•@the•@degree•@of•@strain•@in•@rocks•@with•@numerous•@slip•@surfaces•C

•@•@•@•f•@Difference•@in•@physical•@property•@of•@sediments•@by•@subduction•@depth•D•@The•@layered•@mixed•@fabric•@of

•@•@•@•@sheared•@mudstone•@and•@greenstone•@in•@the•@Futagawa•@Unit•@indicates•@that•@there•@was•@a•@little•@•ior•@no•j

•@•@•@•@competency•@contrast•@between•@the•@two•@lithofacies•D•@This•@fabric•@suggest•@that•@mudstone•@had•@been

•@•@•@•@consolidated•@enough•@to•@break•@and•@pulverize•@greenstones•D•@lf•@such•@consolidation•@was•@achieved•@by

•@•@•@•@increasing•@crystallinity•@of•@phyllosilicates•@as•@subduction•@depth•@increased•C•@initial•@thin•@shear•@zone

•@•@•@•@could•@propagate•@to•@the•@entire•@thickness•@of•@the•@sediments•D•@ln•@the•@Shizunai•@Unit•C•@such•@mappable

•@•@•@•@thick•@shear•@zone•@is•@absent•C•@and•@the•@mudstone•@•^•@greenstone•@layered•@mixed•@rocks•@are•@very•@thin•@and

•@•@•@•@rare•D•@This•@means•@that•@strain•@was•@kept•@constricted•@to•@the•@immappable•@thin•@zone•@at•@shallower•@depth•D

•@•@•@•@Detailed•@deformation•@structure•@and•@mica•@crystallinity•@should•@be•@described•@to•@test•@the•@idea•D

3•D•@Pirashuke•@Unit

•@•@•@The•@Pirashuke•@Unit•@is•@considered•@to•@have•@formed•@at•@the•@depth•@of•@ca•D•@25•@km•@•iPr•|2•@Sub•|Unit•j•@to•@up

to•@30•@km•@•iPr•|1•@Sub•|unit•j•D•@lt•@is•@regarded•@as•@a•@tectonic•@pile•@of•@schistose•@greenstone•@slices•@and•@inter•|slice

•Ehea•Ez•Ene•E•imix•Ed•@fa•Eie•EBa•Ed•@C•j•C•„•Efwhi•Eh•@di•Epl•Ey•@a•@d•Ep•z•Ex•|lik•Edi•Et•Eib•Eti•E•E•iFig•D32•j•D

•@•@•@In•@the•@Pr•|2•@Sub•|unit•C•@the•@constituent•@lithofacies•@are•@similar•@to•@the•@Futagawa•@Unit•C•@i•Ce•D•@greenstone

slices•@•ischistose•@greenstone•@facies•j•@and•@inter•|slice•@sheared•@sediments•@•imixed•@facies•@B•j•C•@except•@that

greenstones•@show•@ductile•@deformation•@such•@as•@flattening•@and•@stretching•@accompaiiied•@by

recrystallization•D•@The•@difference•@in•@deformation•@style•@suggest•@that•@the•@brittle•|ductile•@transition•@of

greenstones•@was•@placed•@between•@the•@Pirashuke•@and•@Futagawa•@Units•C•@presumably•@at•@depth•@of•@20•|25•@km

•iaround•@6kb•j•@and•@at•@temperature•@of•@around•@2500C•D•@Greenstone•@slices•@kept•@their•@internal•@cohesion•@in

spite•@of•@the•@ductile•@deformation•C•@whereas•@no•@original•@sedimentary•@sequence•@was•@kept•@in•@the•@inter•|slice

mlxed•@facies•ETherefbre•C•@it•@is•@considered•@that•@111ajor•@Stl•faill•@was•@st•ìrelatively•@concentrated•@to•@the•@mixed

facies•C•@in•@which•@numerous•@slip•@surfaces•@still•@existed•D•@lt•@is•@inferred•@that•@the•@phase•@transition•@from•@the
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LPH•|type•@assemblag•Et•Ethe•@LN•|type•@assembl•Ege•@ca•Esed•@tlle•Eeducti•E1Š—e•Ei•Etallce•@ag•Eillst•@the•@st•Cess•C

and•@greenstones•@thus•@began•@to•@deform•@ductile•D•@However•C•@the•@ductile•@deformation•@carried•@by

recrystallization•@niight•@be•@able•@to•@reduce•@a•@pait•@of•@the•@stress•@only•@by•@a•@slow•@strain•@rate•@in•@such•@low•|

temperature•@condition•D•@Thus•C•@a•@large•@part•@of•@the•@strain•@may•@have•@concentrated•@within•@the•@inter•|slice

shear•@zones•C•@which•@contain•@numerous•@slip•@surfaces•D

•@•@•@•@The•@Pr•|1•@Sub•|unit•@characteristically•@lacks•@terrigenous•@siliciclastic•@sedimentary•@rocks•D•@The•@absence

can•@be•@explained•@ifclastic•@sediments•@did•@not•@deposited•@around•@the•@protolith•@seamount•@of•@the•@Pr•|1•@sub•|

unit•D•@This•@idea•C•@however•C•@has•@a•@problem•@that•@this•@sub•|unit•@lacks•@not•@only•@coarse•@clastic•@sediments•@but

also•@hemipelagic•@mudstone•@such•@as•@varicolored•@shale•@or•@tuffaceous•@siliceous•@mudstone•D•@Subducting

oceanic•@plates•@are•@commonly•@covered•@by•@either•@hemipelagic•@mudstone•@or•@terrigenous•@turbidite•@in•@the

•Ee•Ee•Ett•Eenche•E•E•@al•Ed•Ehe—R•Eeve•Ec•E•EP•ct•E•Ethe•Eu•Eface•Ef•E•Ebd•Ecti•E9•Ecea•Ei•Epl•Et•E•D•@T1•Ee•Eef•E•Ee•@the

alternative•@explanation•@is•@more•@easily•@considered•F•@all•@clastic•@sediments•C•@which•@might•@have•@cover•@the

•@greenstone•@and•@chert•C•@had•@been•@accreted•@out•@until•@the•@oceanic•@plate•@subducted•@to•@the•@depth•@over•@25km•D

Only•@greenstone•@and•@a•@small•@amount•@of•@chert•@could•@reach•@to•@the•@depth•D•@This•@option•@suggest•@a

progressive•@accretion•@by•@depth•F•@much•@of•@clastics•@were•@accreted•@at•@shallower•@level•@of•@subduction•@zone•C

and•@hardly•@able•@to•@reach•@the•@lower•@crustal•@level•G•@the•@relative•@abundance•@of•@accreted•@mafic•@rocks•@thus

increased•@in•@proportion•@to•@depth•D

•@•@•@The•@Pr•|1•@Sub•|unit•@also•@characteristically•@contain•@small•@serpentinite•@bodies•@in•@the•@inter•|slice•@mixed

facies•@C•D•@Microscopically•@observed•@samples•@are•@originally•@dunite•@containing•@euhedral•@chromian•@spinels•C

which•@suggest•@them•@as•@cumulate•D•@Olivines•@were•@entirely•@replaced•@niainly•@by•@antigorite•D•@Because•@no

gabbroic•@rock•@is•@contained•@in•@the•@subˆêˆêunit•C•@it•D•@is•@difficult•@to•@consider•@that•@the•@serpentinite•@bodies•@were

derived•@from•@oceanic•@plate•D•@Another•@interpretation•@is•@that•@the•@serpentinite•@bodies•@were•@derived•@from

wedge•@mantle•C•@which•@possibly•@comprised•@the•@hanging•@wall•@at•@the•@depth•@vvhere•@greenstones•@of•@the•@Pr•|1

s•Ebˆê•E•Eit•@w•E•Ee•@acc•Eet•Ed•Elf•Ed’@1•Ex•Ef•Eliced•Ecea•Ei•Eb•E•Ealt•@w•E•Ef•E•En•Eed•@b•Etwee•cd•E•Ethru•Eti•E9

0ceanic•@crust•@and•@hanging•@wall•@wedge•@mantle•C•@tectonic•@fragment•@of•@serpentinite•@can•@be•@dragged•@within

its•@ramp•@faults•D•@The•@limited•@occurrence•@of•@serpentinite•@in•@the•@inter•|slice•@mixed•@facies•@C•@supports•@the

idea•D•@Similar•@style•@in•@emplacement•@ofserpentinite•@has•@been•@proposed•@by•@Maekawa•iˆø—p•j•D

•@•@•@Hyaloclastite•@schists•@in•@the•@Metadolerite•@Sub•|unit•@are•@considered•@to•@originate•@from•@subducted

seamounts•@as•@in•@the•@other•@sub•|units•D•@However•C•@metadolerites•@and•@epidote•@amphibolites•D•@which•@are•@the

major•@constituent•@of•@this•@sub•Eˆêunit•C•@are•@considered•@to•@originate•@from•@the•@Lower•@Sorachi•@Group•@in•@terms

of•@their•@depleted•@LST•|type•@chemical•@coinposition•C•@not•@from•@subdticted•@seamount•D•@They•@suffered•@high•|

pressure•@part•@ofthe•@pumpellyite•|actinolite•@facies•@to•@epidote•|amphibolite•@facies•@metamerphism•C•@thus•@are

considered•@to•@have•@subducted•@to•@the•@depth•@up•@to•@30•@km•C•@as•@the•@OIB•|type•@metabasites•@in•@the•@Pirashuke

Unit•D•@They•@are•@considered•@as•@fragments•@of•@the•@upper•|plate•@ophiolite•C•@tectonically•@eroded•@by•@the

collision•@between•@subducting•@seamount•@and•@forearc•C•@as•@ones•@in•@the•@Naizawa•@Complex•D•@These
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fragments•@were•@dragged•@to•@the•@lower•@crustal•@level•@as•@the•@seamount•@subducts•D•@The•@LST•|type•@greenstone

also•@rarely•@occur•@in•@the•@mixed•@facies•@C•@in•@the•@Pr•|1•@Sub•|unit•@suggesting•@that•@some•@of•@the•@fragmeiits

were•@dragged•@into•@the•@duplex•@ofaccreted•@seamount•@slices•D

4•D•@Mikawa•@Unit

•@•@•@•@The•@Mikawa•@Unit•@does•@not•@show•@typical•@slab•|stack•@structure•@unlike•@other•@units•@in•@the•@lwashimizu

C•Emplex•EThe•E•En•|d•Ef•E•Emed•@g•Eeenst•Ene•Elice•Ea•Ee•EfOIB•|typ•E•C•@tl•ìs•@simply•E•Eigi•Cat•C•C‘q•Bm•@s•Abduct•Cd

•@seamount•D

•@•@•@•@The•@mixed•@facies•@A•@contains•@both•@high•|P•@metamorphosed•@•iaragonite•|bearing•j•@OIB•@greenstones

and•@low•|P•@type•@•izeolite•@and•^or•@prehnite•|bearing•j•@LST•@greenstones•D•@This•@occurrence•@indicates•@that•@the

origin•@ofthe•@unit•@cannot•@be•@explained•@by•@a•@simple•@subduction•@model•D•@lt•@suggests•@a•@process•@in•@which•@the

high•|P•@greenstone•@exhumed•@and•@mixed•@with•@the•@low•|P•@ones•@at•@shallow•@structural•@level•@•ii•De•D•@the•@zeolite

facies•@condition•j•D•@Tliese•@LST•|type•@greenstones•@are•@considered•@to•@originate•@from•@the•@Lower•@Sorachi

Group•@based•@on•@chemistry•D•@However•C•@the•@mode•@of•@their•@emplacement•@may•@be•@quite•@different•@from

those•@in•@the•@Pirashuke•@Unit•@and•@the•@Naizawa•@Complex•@•iB•|Unit•j•C•@because•@the•@LST•@greenstones•@did•@not

subducted•@to•@the•@depth•@where•@OIB•@greenstones•@were•@metamorphosed•D•@The•@Lower•@Sorachi•@Group•@is

considered•@to•@have•@lain•@at•@base•@of•@the•@forearc•@basin•@Nitarachi•EˆêYezo•@Sequence•C•@as•@discussed•@in•@the

former•@chapter•D•@lf•@the•flwashimizu•@Complex•@exhumed•@in•@the•@forearc•@basin•C•@it•@may•@be•@possible•@to•@have

occurred•@that•@the•@exhumed•@high•|P•@rocks•@and•@the•@overlying•@low•|P•@ophiolite•@mixed•D•@Cheit•@blocks•@in•@the

mixed•@facies•@A•@are•@recrystallized•@seemingly•@compatible•@to•@the•@highˆêˆêP•@type•@OIB•@greenstones•D•@However•C

sandstone•@and•@tuffaceous•@mudstone•@are•@very•@weakly•@consolidated•@compared•@to•@those•@in•@other•@units•C•@and

rather•@resembles•@to•@the•@Nitarachi•|Yezo•@Sequence•D•@Hence•C•@1•@speculate•@that•@the•@sandstone•@and•@mudstone

ofthe•@mixed•@facies•@A•@may•@originate•@from•@the•@forearc•@basin•@sequence•@as•@the•@LST•@greenstones•C•@not•@from
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•ia•j

•ib•j

•ic•j

•id•j

•ie•j

•if•j

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Conclusions

This•@chapter•@is•@summarized•@as•@follows

New•@Iithologic•@division•@and•@detailed•@geological•@map•@of•@the•@lwashimizu•@Complex•@were•@presented•D

The•@complex•@consists•@of•@eight•@lithologic•@facies•C•@and•@is•@divided•@into•@the•@four•@units•@•iShizunai•C

Futagawa•C•@Pirashuke•C•@and•@Mikawa•@Units•j•C•@based•@on•@unique•@assemblages•@ofthe•@lithologic•@facies•D

Each•@unit•@represents•@tectonic•@stack•@of•@greenstone•@slices•@of•@presumably•@Triassic•@to•@Jurassic•C

intercalating•@sheared•@mixed•@facies•@•}•@Triassic•@to•@Lower•@Cretaceous•@sedimentary•@slices•C

The•@four•@units•C•@bounded•@by•@faults•C•@comprised•@a•@pile•|nappe•@as•@a•@whole•C•@and•@were•@bent•@by•@later

folds•D

Greenstones•@are•@dominantly•@of•@oceanic•@island•@ˆêtype•@•iOIB•j•@alkali•@basa•pt•@and•@tholeiite•D•@A•@small

amount•@of•@depleted•@tholeiite•@showing•@the•@common•@characteristics•@with•@the•@Lower•@Sorachi•@Group

•iLower•@Sorachi•@ˆêtype•F•@LST•j•@is•@also•@contained•@in•@the•@Pirashuke•@and•@Mikawa•@Units•D

A•@relation•@between•@lithologic•@unit•@division•@and•@metamorphic•@grade•@of•@greenstones•@is•@described•C

which•@helps•@to•@estimate•@the•@accretion•@depth•@of•@each•@unit•D•@Greenstones•@of•@the•@lwashimizu•@Complex

are•@metamorphosed•@at•@estimated•@depth•@ranging•@ca•D•@15•@km•@•iShizunai•@Unit•j•@to•@25•|30km•@•iPirashuke

Unit•j•D

The•@pile•|nappe•@structure•@display•@an•@inverted•@arrangement•@of•@metamorphic•@grade•C•@and•@at•@the•@upper

structural•@horizon•C•@metamorphic•@grade•@decreases•@upward•@with•@a•@gap•D•@These•@structures•@are

considered•@to•@have•@formed•@by•@contemporaneous•@thrusting•@and•@unroofing•@in•@the•@lwashimizu
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•D•D

F•E•C•D•@•G•Efi•D•@•D•E“ž•@•E•E•¹•E•¯Œr•D•F•D•D•D•D•f•D•D•D

pm•D•I•DTf•@1•C•F•D

•ig•j

•ih•j

Complex•D

Modes•@of•@occurrence•@of•@constituent•@lithofacies•@are•@different•@by•@units•C•@which•@is•@considered

refiecting•@the•@difference•@in•@accreted•@depth•D•@Weakly•@deformed•@sedimentary•@slices•@were•@stacked

along•@with•@greenstone•@slices•@at•@shallower•@level•@•ica•D•@15•@km•j•G•@greenstone•@slices•@intercalate•@thin•@and

severely•@sheared•@clastic•@rocks•@at•@medium•@level•@•i20•|25•@km•j•G•@and•@any•@terrigenous•@rock•@is•@absent•C

and•@serpentinite•@occur•@between•@deformed•@greenstone•@slices•@at•@deepest•@level•@observable•@•i25•|30

km•j•D

The•@lwashimizu•@Complex•@is•@correlative•@with•@the•@metabasites•@of•@the•@Horokanai•@and•@Biei•@areas•@in

the•@no1•¡hern•@Kamuikotan•@Zone•D•@Age•@and•@lithoŠŽogic•@assemblage•@s‚µlggest•@that•@both•@the•@Iwashimizu

Complex•@and•@the•@Naizawa•@Complex•@were•@originally•@parts•@of•@the•@single•@Lower•@Cretaceous

accretionary•@body•F•@deep•@part•@and•@shallow•@part•C•@respectively•D
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Chapter•@IV•D•@Yezo•@Supergroup•@in•@the•@Mitsuishi•@area•F•@Blueschist•|

bearing•@fluvial•@conglomerate•@and•@unconformity•@in•@the•@Cretaceous

forearc•@sequence

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@lntroduction

•@•@•@Inner•@trench•@slope•@tectonically•@acts•@sensitively•@in•@response•@to•@the•@change•@of•@tectonic•@conditions•@in

subduction•@zone•C•@such•@as•@development•@of•@accretionary•@body•C•@tectonic•@erosion•C•@and•@collision•@•^

subduction•@of•@seamounts•@and•@oceanic•@plateaus•D•@lt•@is•@expected•@that•@foreai•fc•@basin•@sequence•@has•@recorded

the•@change•@in•@its•@stratigraphic•@succession•D

•@•@•@In•@central•@Hokkaido•C•@mid•|Cretaceous•@•iAlbian•j•@unconformity•@has•@been•@recognized•@in•@the•@forearc

basin•@sequence•@of•@the•@Yezo•@Supergroup•@since•@Hashimoto•@•i1936•j•C•@and•@called•@•hlntra•|Yezo•@•iNaka•|Yez•Do•j

Disturbance•h•@•ilnoma•C•@1969•j•D•@The•@event•@is•@considered•@implying•@the•@uplift•@of•@high•|P•^T•@metamorphic

rocks•@in•@the•@Kamuikotan•@Zone•@•iKiminami•@et•@al•D•C•@1978•j•D•@However•C•@poor•@evidence•@has•@obstructed

characterization•@of•@the•@exhumation•@process•C•@and•@some•@recent•@studies•@•iMotoyama•@et•@aL•C•@1991•G

Takashima•@et•@al•D•C•@1997a•C•@b•G•@Takashima•@and•@Nishi•C•@1999•j•@denied•@existence•@ofthe•@unconformity•D

•@•@•@This•@chapter•@reports•@fluvial•@conglomerate•@in•@the•@mid•|Cretaceous•@forearc•@basin•@strata

unconformably•@overlying•@the•@Early•@Cretaceous•@high•|PIT•@metamorphosed•@accretionary•@complex•@in•@the

Mitsuishi•@River•@district•C•@southern•@Kainuikotan•@Zone•D•@The•@conglomerate•@consists•@dominantly•@of

greenstone•@clasts•C•@some•@of•@which•@contain•@high•|PIT•@metamorphic•@minerals•D•@The•@unconformity•@is

signified•@as•@a•@record•@of•@rapid•@exhumation•@of•@the•@high•|PIT•@metamorphosed•@accretio•f•@nary•@complex

•ilwashimizu•@Complex•j•@in•@response•@to•@the•@subduction•@condition•@of•@oceanic•@plate•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Stratigraphy•@of•@the•@Nitarachi•|Yezo•@Sequence

•@•@•@The•@Nitarachi•|Yezo•@Sequence•@of•@the•@Mitsuishi•@River•@area•@occurs•@separately•@in•@the•@south•@area

•iroutes•@C•@to•@F•F•@Fig•D•@57•j•@and•@north•@area•@•iroutes•@A•@and•@B•j•D•@The•@south•@area•@is•@located•@in•@the•@middle

reaches•@of•@the•@M•@itsuishi•@River•@to•@the•@Sakubai•@River•C•@extending•@to•@the•@Urakawa•@district•@in•@the•@southeast•D

The•@sequence•@ofthe•@no1th•@area•@is•@isolated•@in•@the•@eastern•@slope•@ofthe•@Pirashuke•@River•D

•@•@•@The•@sequence•@of•@the•@south•@area•@is•@monoclinic•C•@showing•@a•@wedge•|shaped•@distribution•D•@lt•@comprises

the•@Nitarachi•@Formation•@•iUpper•@Sorachi•@Group•j•C•@the•@Tsukenai•@Formation•@•iLower•@Yezo•@Group•j•C•@and

the•@Utafue•@Formation•@•iMiddle•@Yezo•@Group•j•@of•@Sakai•@and•@Kanie•@•i1986•j•D•@The•@sequence•@of•@the•@north•@area

comprises•@sandstone•@ofthe•@Utafue•@Formation•C•@showing•@a•@small•|scale•@syncline•D
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amphibolite•@assemblage•@has•@been•@found•@•iFig•D•@68c•j•D

•@•@•@Representative•@major•@element•@composition•@of•@the•@metamorphic•@minerals•@is•@shown•@in•@Table•@1•@1•D•@The

analyzed•@sodic•@amphibole•@grains•@are•@mostly•@of•@riebeckite•@to•@magnesio•|riebeckite•C•@with•@one•@crossite

grain•D•@The•@epidote•|amphibolite•@pebble•@•i980603•|21AMP•j•@contains•@calcic•@amphiboles•@•iferro•|edenite•C

actinolitic•@hornblende•C•@and•@actinolite•C•@see•@Fig•D•@69•j•C•@some•@of•@which•@show•@subcalcic•@composition•D•@This

pebbie•@also•@contains•@retrogressive•@vein•@ofriebeckite•@and•@winchite•@•ipoint•@2•@in•@Table•@1•@1•j•D

•@•@•@Pale•@green•@to•@yellovvish•@green•@clinopyroxene•@and•@a•@few•@non•|colored•@clinopyroxene•@grains•@show

sodian•@augite•C•@aegirine•|augite•C•@and•@aegirine•@compositions•C•@containing•@less•@than•@200•^o•@jadeite•@component

•iFig•D•@70•j•D•@Jadeite•@and•@aegirine•|jadeite•C•@which•@are•@seen•@in•@the•@lwashimizu•@Complex•@•iFig•D•@52•j•C•@have•@not

been•@detected•D

•@•@•@Garnet•@grains•@are•@contained•@in•@sandy•@matrix•C•@and•@show•@almandine•@ˆêˆê•@pyrope•@series•@compositions

•ie•Dg•D•@Table•@11•@point•@49•j•F•@some•@are•@pyrope•|rich•@containing•@7•D0•|7•D6•@vvtO•^o•@MgO•@•i27•|29•@molO•^o•@pyrope•j•D

155

•@•@1iri

“å•fŒ®“å
ŒM•f



•§•§ ‰T‰¥‰T‰T‘U•w•^s

Ca•|garnet•@is•@also•@seen•@in•@chloritized•@glassy•@matrix•@of•@a•@clinopyroxene•|phyric•@basalt•@•iankaramite•j•@clast•D

•@•@•@Metamorphic•@minerals•@described•@above•@show•@that•@greenstone•@clasts•@of•@all•@metamorphic•@grades

described•@by•@Nakano•@•i1981•j•@and•@this•@study•@are•@contained•@in•@the•@conglomerate•D•@The•@majority•@is•@the

clasts•@correlative•@to•@the•@type•@K•|la•@•iPH•|type•j•G•@the•@clasts•@ofthe•@type•@K•|ll•@•iENP•|type•j•@is•@subordinate•D•@The

only•@one•@sand•@grain•@of•@aggregated•@lawsonite•@is•@correlative•@with•@the•@types•@K•|lb•@•ieither•@LPH•@or•@LN•@ˆê

type•j•C•@and•@one•@epidote•|amphibolite•@pebble•@is•@correlated•@with•@the•@type•@K•|III•D•@The•@clasts•@of•@analcime•@and

prehnite•@vein•@•itype•@H•|lb•G•@Z•|type•j•@were•@found•@from•@the•@route•@A•D

Detrital•@igneous•@clinopyroxene

•@•@•@Igneous•@clinopyroxenes•@are•@contained•@in•@basaltic•@clasts•@and•@as•@sand•@grains•@in•@the•@basal

conglomerate•C•@especially•@in•@the•@north•@area•C•@Major•@element•@composition•@of•@them•@is•@shown•@in•@Table•@12

and•@Fig•D•@71•D•@Analysis•@was•@made•@on•@the•@pyroxenes•@as•@phenocrysts•@and•@dolerite•@groundmass•@in•@basaltic

clasts•C•@and•@as•@medium•@to•@coarse•@sand•@grains•@of•@same•@origins•D•@Mg•”•@•iMg•@•^•@Mg•{Fe2•f•j•@range•@from•@O•D76•@to

O•D90•D•@Si•C•@Al•C•@Ca•{Na•@and•@Ti•@atomic•@ratios•@•iO••6•j•@show•@considerable•@variation•@•iFig•D•@71•j•F•@some•@have•@low

Ti•@•iless•@than•@O•D015•@per•@unit•@cell•j•@and•@low•@Al•@•iless•@than•@O•D15•j•@plotting•@in•@the•@tholeiitic•@fields•@of

Maruyama•@•i1976•j•@and•@Leterrier•@et•@al•D•@•i1982•j•C•@whereas•@others•@have•@high•@Ti•@•imore•@than•@O•DO15•j•@and•@Al

•imore•@than•@O•D15•j•C•@plotting•@in•@the•@alkaline•@fields•D•@Such•@different•@types•@of•@basaltic•@clasts•@are•@also

petrographically•@recognized•C•@i•De•D•C•@non•|vesicular•@aphyric•@basalt•@and•@dolerite•@suggesting•@tholeiitic•C•@which

contain•@magnetite•@and•@non•|colored•@augite•C•@vs•D•@olˆê•@and•@cpx•|phyric•@basalt•@•ioften•@vesicular•j•@and•@dolerite

suggesting•@alkaline•C•@vvhich•@contain•@ilmenite•C•@titaniferous•@augite•C•@minor•@kaersutite•@and•@aegirine•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Discussion

Sedimentological•@interpretation•@for•@the•@Utafue•@Formation

•i1•j•@Mo•@Member•F•@The•@stratified•@and•@clast•|supported•@lower•@conglomerates•@with•@planar•@cross•@bedding

and•@clast•@imbrication•C•@occurring•@in•@the•@routes•@C•@to•@E•C•@are•@clearly•@traction•@current•@deposits•D•@They•@are

correlative•@to•@the•@channel•@facies•@of•@gravelly•@river•@deposits•@as•@typified•@by•@Miall•@•i1992•j•D•@Overlying

middle•@alternation•@commonly•@contains•@rootlets•@indicating•@nonˆêˆêmarine•@environments•D•@This•@lithofacies•@is

interpreted•@as•@overbank•@deposits•D•@The•@upper•@siltstone•@is•@interpreted•@as•@brackish•@lagoon•@deposits•C

because•@it•@contains•@•hOstrea•h•@shells•D

•@•@•@The•@typical•@Mo•@Member•@is•@thus•@explained•@by•@a•@gravelly•@river•@system•C•@consisting•@of•@gravelly

channel•@deposits•@and•@silty•@overbank•@deposits•D•@This•@is•@the•@first•@report•@of•@fluvial•@deposits•@at•@the•@base•@of

the•@Middle•@Yezo•@Group•D•@The•@Mo•@Member•@ofthe•@route•@A•@is•@a•@very•@thin•@•i1•@•D2•@m•j•@sandy•@conglomerate•@bed

with•@subangular•@clasts•@overlain•@by•@the•@sandstone•@of•@the•@M•@ia•@Member•D•@This•@conglomerate•@is•@interpreted

as•@shallow•@marine•@deposits•C•@as•@well•@as•@a•@part•@ofthe•@M•@ia•@sandstone•D

•i2•j•@M•Ca•@Member•F•@The•@sandstone•@of•@this•@member•C•@occasionally•@containing•@shell•@fossils•C•@sometimes
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shows•@dense•@coaly•@lamination•C•@and•@beds•@are•@generally•@not•@graded•@•iFig•D•@61d•j•D•@These•@characteristics

suggest•@that•@the•@sandstone•@beds•@are•@traction•@current•@deposits•C•@not•@turbidites•D•@They•@are•@considered•@as

shallow•|marine•@deposits•@including•@shoreface•@sandstone•D•@This•@pai•ft•C•@however•C•@also•@includes•@sandy

turbidite•@beds•@suggesting•@offshore•@and•^or•@slope•@environments•D•@Their•@succession•@is•@not•@sufficiently

revealed•@as•@well•@as•@each•@facies•@interpretation•D

•@The•@siitstone•|dominant•@part•C•@which•@is•@intercalated•@in•@the•@laminated•@sandstone•C•@is•@accompanied•@by

sharp•|based•@and•@normally•@graded•@sandy•@laminae•@and•@beds•D•@They•@are•@interpreted•@as•@offshore•@deposits

dominated•@by•@fine•|grained•@turbidite•D

•@•@•@The•@slump•@bodies•@containing•@greenstone•@blocks•@suggest•@that•@the•@basement•@lwashimizu•@Complex

was•@exposed•@and•@collapsed•@in•@shallow•|marine•@areas•@with•@some•@topographic•@instability•D

•i3•j•@Mib•@Member•F•@This•@member•@is•@dominated•@by•@siltstone•@vvith•@sharp•|based•@and•@graded•@•F•@andy•@laminae

and•@beds•D•@The•@laminae•@and•@beds•@are•@interpreted•@as•@offshore•@fine•|grained•@turbidite•C•@as•@those•@in•@the

muddy•@part•@in•@the•@Mia•@Member•D

Clastic•@composition•@of•@the•@conglomerate

•@•@•@Greenstone•@and•@mafic•@schist•C•@chert•C•@limestone•C•@and•@pelitic•@schist•C•@all•@of•@which•@are•@seen•@in•@the•@basal

conglomerate•@as•@sedimentary•@clasts•C•@are•@the•@major•@constituent•@lithofacies•@of•@the•@lwashimizu•@Complex•D

Metamorphic•@mineral•@assemblages•@in•@the•@clasts•@are•@also•@well•@consistent•@with•@those•@of•@metabasites•@in

the•@lwashimizu•@Complex•C•@from•@analcimeˆê•@and•@prehnite•|bearing•@low•|grade•@rocks•C•@through•@sodic

pyroxeneˆê•@and•@sodic•@amphibole•|bearing•@rocks•C•@to•@epidote•|amphibolite•D•@These•@lithologic•@and

metamorphic•@correlations•@lead•@a•@simple•@consequence•@that•@much•@ofthe•@clasts•@in•@the•@basal•@conglomerate

was•@directly•@provided•@from•@the•@underlying•@lwashimizu•@Complex•D•@They•@also•@suggest•@that•@almost•@all•@the

lithofacies•@observed•@in•@the•@present•@lwashimizu•@Complex•@had•@already•@been•@accomplished•@until•@the

fol•fmatioll•@ofthe•@uncollformity•D

•@•@•@The•@lwashimizu•@Complex•@contains•@both•@oceanic•@islandˆêˆêtype•@alkaline•fvolcanics•@and•@depleted

tholeiite•@•iNakano•C•@1985•G•@Watanabe•@and•@Niida•C•@1987•G•@Kimura•@et•@aL•C•@1994•j•D•@Augites•@in•@clasts•@of•@the

basal•@conglomerate•C•@which•@show•@both•@alkaline•@and•@tholeiitic•@affinities•C•@are•@reflectjng•@the•@two

contrastive•@types•@of•@greenstones•@in•@the•@source•@lvvashimizu•@Complex•D

•@•@•@Greenish•@siliceous•@mudstone•@clasts•@are•@interpreted•@to•@originate•@from•@the•@Nitarachi•@Formation•@in

terms•@of•@age•@and•@lithology•D•@Sandstone•@clasts•@may•@have•@been•@derived•@from•@the•@Lovver•@Yezo•@Group•D

•@•@•@Composition•@of•@the•@basal•@conglomerate•@thus•@indicates•@the•@erosion•@ofthe•@lwashimizu•@Complex•@and

lower•@part•@of•@the•@Nitarachi•|Yezo•@Sequence•D•@Minor•@sand•@grains•@of•@granitic•@rock•C•@acidic•@volcanics•C•@and

pyrope•|rich•@garnet•@may•@originate•@from•@other•@source•@such•@as•@continental•@arc•@and•@continental•@margin

•iOshima•@Belt•@or•@farther•@vvest•j•D
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Significance•@of•@unconformity

•@•@•@Occurrence•E•@of•@the•@unconformity•@in•@the•@Nitarachi•|Yezo•@Sequence•@clearly•@shows•@that•@the•@high•|PIT

metamorphosed•@lwashimizu•@accretionary•@complex•C•@which•@formed•@in•@the•@mid•EˆêEarly•@Cretaceous

•iValanginian•@ˆê•@Barremian•j•C•@rapidly•@exhumed•@and•@suffered•@subaerial•@erosion•@in•@the•@late•@Early

Cretaceous•@•iearly•@to•@middle•@Albian•j•D•@Metamorphic•@pressure•@of•@7•@ˆê•@8•@kb•@is•@estimated•@for•@the•@Pirashuke

Unit•C•@so•@that•@the•@highly•@metamorphosed•@unit•@of•@the•@lwashimizu•@Complex•@was•@upiifted•@from•@the•@depth

of•@more•@than•@20•@km•D•@The•@interval•@between•@the•@accretion•@and•@exhumation•@is•@estimated•@as•@ca•D•@20•@m•Dy•D

This•@interval•@is•@abnormally•@short•@for•@exhumation•@of•@highˆêˆêP•^T•@metaniorphic•@complex•@in•@subduction

zone•C•@except•@the•@case•@that•@continental•@crust•@is•@subducting•@•iMaruyama•@et•@aZ•D•C•@1996•j•D•@This•@evidence

strongly•@suggests•@that•@the•@unconformity•@was•@formed•@by•@the•@exhumation•@event•C•@rather•@than•@by•@an

eustatic•@sea•|level•@change•D

•@•@•@The•@lwashimizu•@Complex•@was•@subsequently•@subsided•@since•@the•@late•@Albian•@covered•@by•@more•@than

l•@•D4•@km•@thick•@flning•|upward•@succession•@of•@the•@Utafue•@Formation•D•@The•@unconformity•@indicates•@a•@change

in•@tectonic•@movement•@ofthe•@lwashimizu•@Complex•@from•@rapid•@exhumation•@to•@gentle•@subsidence•D

•@•@•@Although•@early•@vvorkers•@recognized•@the•@existence•@of•@Albian•@unconformity•@mainly•@from•@south•@part

of•@the•@Sorachi•|Yezo•@Belt•@•iHashimoto•C•@1936•G•@Osanai•@and•@Matsushita•D•@1959•C•@1960•G•@Kimura•C•@1979•j•C

Takashima•@et•@a1•C•i1997a•C1997b•jand•@Takashillla•@and•@Nishi•i1999•jdellled•@the•@existence•@ofŽ~e

unconformity•@based•@on•@conformable•@successions•@in•@central•@part•@of•@the•@belt•D•@Kawamura•@et•@al•D•@•i1999•j

reconfirmed•@the•@existence•@of•@tlle‚µmconfbrmity•C•@which•@restrictively•@occurs•@along•@the•@eastern•@margin•@of

the•@south•@Kamuikotan•@Zone•@•iFig•D•@72•j•D•@This•@work•@provided•@a•@new•@locality•@and•@the•@clear•@information•@on

the•@Albian•@unconformity•C•@directly•@indicating•@the•@subaerial•@exhumation•@of•@the•@Kamuikotan

Metamorphics•@•ilwashimizu•@Complex•j•@in•@Mitsuishi•@area•D•@High•EˆêPIT•@minerals•@also•@occur•@in

conglomerate•@and•@pebbly•@mudstone•@of•@the•@other•@area•@in•@the•@south•@Sorachi•|Yezo•@Belt•@•iFig•D•@72•F

Kawamura•@et•@al•D•C•@2000•G•@this•@study•j•D•@The•@difference•@in•@local•@depositional•@history•@is•@considered•@to•@refiect

the•@lateral•@variation•@in•@regional•@forearc•@tectonics•C•@i•De•C•@degree•@of•@unroofing•@of•@the•@high•|PIT

metamorphosed•@accretionary•@complex•D

Exhumation•@process•@of•@the•@lwashimizu•@Complex

•@•@•@Serpentinite•@diapirism•@was•@formerly•@considered•@as•@the•@critical•@process•@for•@exhumation•@ofthe

Kamuikotan•@Metamorphics•@•iNiida•@and•@Kito•C•@1986•j•D•@However•C•@the•@basal•@conglomerates•@ofthe•@Middle

Yezo•@Group•@in•@this•@area•@contain•@no•@serpentinite•@clasts•C•@and•@eastern•@part•@ofthe•@present•@lvvashimizu

Complex•@also•@contains•@only•@scarce•@serpentinite•D•@These•@occurrences•@indicate•@that•@the•@exhumation

process•@of•@the•@high•|P•^T•@metamorphosed•@rocks•@in•@this•@area•@vvas•@not•@serpentinite•@diapirism•C•@unlike•@that•@in

the•@present•@Mariana•@forearc•@•iMaekawa•@et•@al•D•C•@1992•j•C•@The•@lwashimizu•@Complex•@was•@exhumed•@as•@a
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southern•@Kamuikotan•@Zone•C•@as•@is•@wholly•@preserved•@in•@the•@northern•@Kamuikotan•@Zone•@•iFig•D•@73•j•D•@The
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•@•@•@•@•@•@•@•@•@•@•@•@Comparison•@of•@accreted•@greenstones•@in•@central•@Hokkaido

Petrological•@types•@of•@greenstones•@in•@central•@Hokkaido

•@•@•@Miyashita•@•••@Yoshida•@•i1988•j•@and•@Niida•@•i1992•j•@classified•@the•@chemical•@types•@of•@greenstones•@in

central•@Hokkaido•C•@based•@mainly•@on•@the•@Sorachi•@Group•@and•@the•@Hidaka•@Supergroup•D•@This•@study

described•@greenstones•@in•@the•@Cretaceous•@accretionary•@complexes•@in•@the•@ldonnappu•@and•@Kamuikotan

Zones•@•iTable•@13•j•C•@and•@four•@chemical•@types•@•iOIA•C•@OIT•C•@LST•C•@and•@N•|MORB•j•@were•@identified•D•@To
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imbrication•@structure•@such•@as•@duplex•C•@have•@not•@been•@reported•D•@Another•@notable•@feature•@is•@the•@absence•@of

typical•@red•@chert•C•@OIB•C•@and•@Permo•|Triassic•@pelagic•@sedimentary•@rocks•@such•@as•@limestone•@and•@chert•D•@The

name•@•gSorachi•@Group•h•@has•@been•@traditionally•@used•@for•@the•@greenstone•|dominant•@units•@in•@central

Hokkaido•C•@which•@sometimes•@also•@included•@OIB•|bearing•@units•@such•@as•@the•@lwashimizu•@Complex•C•@hence

causing•@confusions•@on•@tectonostratigraphic•@correlation•D•@However•C•@detailed•@stratigraphic•@and
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•@•@•@Iwasaki•@and•@Ueda•@•i1993•j•@and•@Watanabe•@et•@al•D•@•i1994•j•@proposed•@that•@the•@accretionary•@complexes•@in

both•@the•@Kamuikotan•@and•@ldonnappu•@zones•@comprised•@a•@single•@accretionary•@b•D•@ody•C•@based•@on•@their
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all•@are•@thus•@common•@in•@the•@two•@complexes•C•@clearly•@supporting•@the•@correlation•@of•@lwasaki•@and•@Ueda

•i1993•j•DIn•@detai1•C•@the•@study•@area•C•@the•@OIB•|type•@greenstones•@commonly•@occur•@in•@all‚µmits•@in•@the

Iwashimizu•@Complex•C•@whereas•@the•@LST•@greenstones•@limitedly•@occur•@in•@the•@Pirashuke•@and•@Mikawa

Units•D•@Thus•C•@these•@two•@units•@are•@likely•@to•@be•@more•@closely•@correlative•@to•@the•@Naizawa•@Complex•@than•@the
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to•@the•@ldonnappu•@Zone•D•@1•@thus•@consider•@that•@the•@Cretaceous•@accretionary•@complexes•@are•@widely

distributed•@beneath•@the•@forearc•@basin•@sequence•@in•@the•@Sorachi•|Yezo•@Belt•@•iFig•D•@75•j•C•@and•@the•@present
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Fig•D•@80•D•@•hSeaniount•|j•@ac•@ck•|up•h•@model•@for•@accretion•@and•@exhumation•@ofthe•@lwashimizu•@Complex•C•@explained

by•@•ihe•@Coulomb•|wedge•@model•@•iDahlen•C•@1984•j•D•@Topos•Craphic•@change•@are•@calculated•@based•@on•@kink•|geometry

•iSuppe•C•@1983•j•D•@with•@rou•Do•D•Dhly•@assumed•@volume•@of•@accreted•@materials•D•@Note•@that•@the•@Coulomb•|wedge

geometry•@does•@not•@depend•@on•@the•@scale•@•iDavis•@et•@al•D•C•@1983•j•C•@and•@need•@an•@assumption•@that•@the•@wedge•@wholly

lies•@within•@the•@brittle•@field•D•@Example•@ofstable•@field•@shown•@is•@calculated•@after•@Dahlen•@•i1984•j•C•@usinv•Co•D•@the

pac•@rameters•@•iFig•D•@79C•@with•@•‘•C••13•D5•@deg•j•@proposed•@by•@Lallement•@et•@al•D•@•i1996•j•@based•@on•@bathymetry•@and

rhrust•@Lgeometr•„•C•@of•@present•@forearc•@wedges•D
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”®•“”Lã•‘N1

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Temporal•@change•@in•@mode•@of•@greenstone•@accretion

The•@mode•@of•@greenstone•@accretion•@in•@central•@Hokkaido•@contrasts•@between•@the•@Early•@and•@Late

Cretaceous•D•@ln•@the•@Early•@Cretaceous•C•@abundant•@greenstone•@bodies•@vvere•@accreted•@via•@subduction•@of

seamounts•C•@accompanied•@by•@tectonic•@erosion•D•@On•@the•@other•@hand•@in•@the•@Late•@Cretaceous•C•@only•@a•@small

volume•@of•@greenstone•@was•@accreted•@during•@accretion•@of•@the•@trench•|fill•@sedimentary•@sequence•@•iFig•D•@74•j•D

This•@difference•@may•@be•@explained•@by•@three•@factors•D

•@•@•@The•@first•@factor•@is•@contrast•@in•@oldness•@of•@subducting•@oceanic•@crust•D•@As•@shown•@in•@Fig•C•@77•D•@oceanic

crust•@older•@than•@100•@m•Dy•D•@was•@subducted•@in•@the•@Early•@Cretaceous•C•@whereas•@younger•@oceanic•@crust•@•i20•@ˆê

30•@m•Dy•D•@old•j•@was•@subducted•@in•@the•@Late•@Cretaceous•D•@Old•@subducting•@oceanic•@crust•C•@which•@generally•@has

a•@surface•@roughed•@by•@horst•|and•|graben•@morphology•@and•@numerous•@seamounts•C•@tends•@to•@obstruct

accretion•@of•@trench•|fill•@deposits•@and•@to•@accelerate•@tectonic•@erosion•@•iLallemand•@et•@al•D•@1996•j•D•@ln•@contrast•C

subduction•@ofsmooth•@young•@oceanic•@crust•@may•@promote•@stable•@accretion•@of•@sediments•D

•@•@•@The•@second•@factor•@is•@the•@reconstructed•@relative•@motion•@of•@the•@subducting•@ocean•@ic•@plate•D•@According

to•@Engebretson•@et•@aL•@•i1985•j•C•@the•@vector•@of•@the•@lzanagi•|Kula•@Plate•@changed•@from•@northward•@to•@westward

in•@the•@Late•@Cretaceous•@•iFig•D•@78•j•D•@This•@shows•@that•@the•@Early•@Cretaceous•@was•@a•@time•@of•@highly•@oblique

subduction•C•@whereas•@subduction•@in•@the•@Late•@Cretaceous•@was•@niore•@orthogonal•D•@lfthe•@forearc•@region•@was

transtensional•@because•@of•@highly•@oblique•@subduction•@•iMcCaffrey•@1992•j•C•@thrust•@faults•@could•@easily•@be

formed•@only•@in•@the•@front•@of•@subducting•@seamounts•D•@Orthogonal•@subduction•C•@however•C•@more•@easily•@make

the•@forearc•@compressional•C•@thus•@promoting•@accretion•@efthe•@trench•|fi11•@sequence•C

•@•@•@The•@third•@factor•@is•@the•@volume•@of•@sediment•@supply•@to•@the•@trench•D•@The•@Naizawa•@Complex•@contains

less•@clastic•@sediments•@than•@the•@Horobetsugavva•@Complex•@does•C•@suggesting•@that•@sediment•@supply•@to•@the

trench•@increased•@considerably•@in•@the•@Late•@Cretaceous•D•@The•@same•@trend•@is•@also•@observed•@in•@the

Kamuikotan•@Zone•@•iFig•D•@74•j•D•@This•@change•@could•@also•@alter•@the•@rnode•@of•@accretion•C•@from•@episodic

accretion•@of•@oceanic•@materials•@controlled•@by•@seainount•@subduction•@•iEarly•@Cretaceous•j•@to•@continuous

accretion•@of•@trench•|fill•@sediments•@•iLate•@Cretaceous•@to•@early•@Paleogene•j•D

Possible•@cause•@of•@blueschist•@exhumation

•@•@•@Davis•@et•@al•D•@•i1983•j•@and•@Dahlen•@•i1984•j•@showed•@that•@shape•@of•@a•@forearc•@wedge•C•@and•@accretion•@•^•@non•|

accretion•@state•@also•C•@are•@controlled•@by•@balancing•@between•@gravitational•@body•@force•@and•@basal•@shear

traction•@by•@subducting•@slab•D•@The•@balanced•@and•@stable•@wedge•@taper•@has•@been•@called•@as•@•hcritical•@taper•h

•iFig•D•@79•j•D•@Their•@theory•@indicated•@that•@decrease•@of•@slab•@dlp•C•@which•@is•@usually•@caused•@by•@younging•@ef

subducting•@oceanic•@crust•C•@promotes•@forearc•@overcritical•@•iunstable•@with•@too•@thick•@wedge•@for•@newly•@given

decoHemellt•@dip•j•D•@Thus•C•@an•@extensional•@tectoŠŽlics•@is•@to•@be•@dominated•@thinning•@the•@wedge•iFig•D80d•j•C

Iwasaki•@et•@al•D•@•i1995•j•@described•@that•@metamorphic•@pressure•@of•@the•@Kamuikotan•@Metamorphics•@decreased
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•@•Eftˆê•@•@ŽÏ˜k—q

from•@Early•@Cretaceotis•@to•@early•@Paleogene•@whereas•@temperature•@increased•@simultaneously•C•@and

considered•@that•@the•@occurrence•@was•@due•@to•@younging•@of•@subducting•@oceanic•@crust•D•@The•@pile•|nappe

structure•@with•@invetted•@metamorphic•@grade•@in•@the•@lwashimizu•@Complex•@implies•@more•@short•|time

decrease•@in•@slab•@dip•@accompanied•@by•@unroofing•D•@Hence•C•@decrease•@of•@slab•@dip•@is•@considered•@to•@be•@one•@of

the•@critical•@processes•@for•@exhumation•@ofthe•@lwashimizu•@Complex•D•@Similar•@style•@of•@exhumation•@process

is•@known•@in•@the•@modern•@Cascadia•@Margin•C•@North•@America•C•@where•@high•|P•^T•@rocks•@of•@the•@Miocene

Olympic•@Core•@Complex•@is•@currently•@exhumed•@and•@uplifting•C•@beneath•@which•@Wadachi•|Benioff•@zone•@is

shallower•@than•@surrounding•@area•@•iBrandon•@and•@Calderwood•C•@1990•j•D•@The•@decrease•@of•@slab•@dip•@also

simply•@lifts•@up•@the•@wedge•@materials•D•@A•@decrease•@of•@oithogonal•@convergence•@rate•C•@which•@reduces•@basal

shear•@traction•C•@may•@help•@the•@overcritical•@extensional•@tectonics•D

•@•@•@McCaŒÞ•Eey•i1992•jindicated•@that•@oblique•@subd‚µDctioll•@of•@oceallic•@plate•@can•@promote•@trench•|parallel

extension•C•@and•@pointed•@out•@a•@possibility•@for•@exhumation•@of•@highˆêˆêP•^T•@rocks•D•@Although•@modern•@highly

oblique•@convergent•@margins•@such•@as•@Sunda•C•@Aleutian•C•@and•@Kurile•@arcs•@are•@extensional•C•@but•@depression•@is

dominated•@in•@forearc•@region•@•iHuchon•@and•@Le•@Pichon•C•@1984•G•@Kimura•C•@1986•G•@Geist•@et•@aL•C•@1988•j•D•@Hence•C

even•@if•@high•|P•^T•@rocks•@could•@be•@unroofed•C•@they•@inight•@not•@be•@able•@to•@reach•@to•@sea•@surface•@by•@oblique

subduction•@alone•D

•@•@•@Another•@important•@possible•@cause•@is•@the•@•hjack•|up•@modet•h•@proposed•@by•@Platt•@•i1986•j•D•@After•@this

model•C•@continuous•@underplating•@thickens•@the•@wedge•@and•@increases•@the•@surface•@slope•@dip•C•@causing•@a

gravity•@failure•@of•@the•@overcritically•@tapered•@wedge•D•@Hence•C•@a•@high•|PIT•@unit•@can•@be•@detached•@from•@the

wedge•@bottom•C•@l•@ifted•@up•@by•@younger•@underplated•@materials•C•@then•@able•@to•@reach•@to•@the•@wedge•@surface

among•@extensionally•@torn•@forearc•@basin•@deposlts•D

•@•@•@Kawamura•@et•@al•C•@•i1999•j•@considered•@that•@the•@unconformity•@was•@formed•@by•@uplifting•@of•@the•@forearc

basin•@due•@to•@the•@local•@underplatinLg•@of•@subducted•@seamount•@volcanics•D•@lf•@voluminous•@greenstones•@were

underplated•@successively•C•@the•@Pirashuke•@Unit•@accreted•@earlier•@may•@have•@been•@•gjacked•@up•h•@by

subsequently•@underplated•@greenstones•@•iFig•D•@76•j•C•@and•@overlying•@low•|grade•@unit•@•iprobably•@the•@Lower

Sorachi•@Ophiolite•j•@can•@be•@tectonically•@removed•@by•@gravity•@failure•@of•@the•@forearc•@wedge•C•@as•@proposed•@by

Platt•@•i1986•j•D•@The•@south•@Kamuikotan•@Zone•@•ilwashimizu•@Complex•j•@is•@characterized•@by•@tlie•@abundant

occurrence•@of•@oceanic•@island•|type•@greenstones•D•@The•@Shizunai•@Unit•@in•@Niikappu•@area•@shows•@K•|Ar•@ages

ranging•@90ˆê•@1•@10•@Ma•@•iwhite•@mica•@in•@pelitic•@rocks•@froni•@the•@Niikappu•@area•G•@lwasaki•@et•@al•D•C•@1995•G•@see•@Fig•D

36•j•C•@which•@overlaps•@the•@Albian•@unconformity•@event•D•@These•@occurrences•@may•@support•@application•@of•@the

•hseamount•@jack•|up•@model•h•@to•@the•@lwashimizu•@Complex•@exhuniation•C•@The•@model•@can•@also•@explain•@the

local•@and•@abnormally•@rapid•@exhu•Ination•C•@considering•@subduction•@ofa•@seamount•@chain•D

•@•@•@Thus•@the•@model•@seems•@to•@well•@explain•@the•@tectonostratigraphic•@occurrence•@of•@units•@in•@central

Hokkaido•iFig•D76•j•D•@However•C•@it•@st•ìhas•@a•@problem•@that•@it•@is•@hard•@fbr•@the•@tmst•|driven•@underplating•@to

occur•@beneath•@such•@overcritically•@extensional•@wedge•C•@because•@decollement•@may•@also•@be•@extensionai
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and•@thrust•@faults•@could•@not•@form•@•iDahlen•C•@1984•j•D•@The•@prob•nem•@may•@be•@solved•@ifconsidering•@overcritical

•^•@undercritical•@regime•@during•@seamount•@subduction•@proposed•@by•@Lallement•@and•@Le•@Pichon•@•i1987•j•D•@They

applied•@the•@critical•@Coulomb•|wedge•@inodel•@to•@comprehend•@the•@bathymetric•@features•@around•@the

currently•@subducting•@Daiichi•|Kashima•@and•@Erimo•@Seamounts•@in•@Japan•@Trench•D•@This•@theor•fy•@can•@also

explain•@accretioll•@and•@exhumation•@of•@greenstolles•@dtiring•@repetitive•@seamo‚µmts•@subduction•iFig•D80•j•D

Initially•@critical•@wedge•iFig•@80a•jbecomes•@undercritical•i‚µinstable•@with•@too•@thin•@wedge•@for•@newly•@given

decollement•@dip•j•@in•@front•@of•@a•@subducting•@seamount•@•iFig•D•@80b•j•C•@allowing•@underplating•@mainly•@of

greenstones•@cut•@by•@thrust•@faults•D•@Subsequently•C•@the•@wedge•@immediately•@becomes•@overcritical•@in•@rear•@of

the•@seamount•@•iFig•D•@80c•j•C•@suffering•@extensional•@failure•D•@This•@•gseamount•@jack•|up•@model•h•@can•@thus

promote•@nearly•@simultaneous•@faulting•@of•@both•@reverse•@and•@normal•@sense•C•@i•De•D•@underplating•@and

unroofing•D•@Probably•@a•@repetition•@of•@such•@process•@in•@several•@times•@is•@needed•@for•@a•@high•|P•^T

metamorphosed•@unit•@to•@reach•@to•@the•@sea•@surface•D•@This•@process•@may•@be•@accelerated•@if•@there•@are•@scarce

sediments•@above•@the•@seamounts•D•@because•@the•@stability•@field•@of•@wedge•@gets•@narrovver•@as•@its•@basal•@friction

increases•iFig•D79C•j•D•@Hence•A•@the•@osc•ìatory•@change•@between•@compressive•@and•@extensional•@states•@must

be•@achieved•@more•@easily•D

•@•@•@This•@theory•@can•@be•@applied•@only•@to•@brittle•@field•C•@at•@most•@the•@depth•@vvhere•@the•@Futagawa•@unit•@was

fbrmed•D•@To•@explain•@the•@ex11‚µmlation•@of•@whole•@Iwashimizu•@Complex•A•@introductioii•@of•@d‚µlctile

deformation•@to•@this•@theory•@is•@needed•@for•@future•@study•D

Conclusions

•i1•j•@There•@is•@a•@relation•@betN•jveen•@age•@of•@accretionary•@complex•@and•@mode•@of•@occurrence•@•^•@chemical

•@•@•@character•@of•@greenstones•D•@The•@Lower•@Cretaceous•@Naizawa•@and•@lwashimizu•@Complex•@contain

•@•@•@both•@OIB•@and•@LST•@greenstones•@as•@tectonic•@slices•@and•@blocks•D•@The•@Upper•@Cretaceous

•@•@•@Horobetsugawa•@Complex•@contains•@a•@small•@amount•@of•@MORB•@greenstones•@severely•@sheared•D

•@•@•@These•@greenstones•@are•@d•@istinguished•@from•@basal•@ophiolite•@of•@forearc•@basin•@•iJurassic•@Lovver

•@•@•@Sorachi•@Group•j•@and•@inˆêˆêsiizi•@MORB•@greenstones•@in•@the•@Paleogene•@Hidaka•@Supergroup•D

•i2•jThese•@correlation•@and•@tectonostratigraphic•@comparison•@between•@the•@Kamuikotan•@and

•@•@•@Idonnappu•@Zones•@leads•@a•@reconstruction•@of•@the•@Cretaceous•@forearc•@wedge•@of•@the•@Sorachi•|Yezo

•@•@•@Belt•@•iFig•D•@76•j•D•@The•@wedge•@is•@considered•@to•@comprise•@a•@pile•|nappe•@structure•@made•@up•@of

•@•@•@Jurassic•@ophiolite•C•@Lower•@Cretaceous•@accretionary•@complex•C•@and•@Upper•@Cretaceous

•@•@•@accretionary•@complex•C•@sugs•Cesting•@a•@structuralIy•@downward•@growth•@by•@underplating•@accretion•D

•i3•j•@The•@difference•@indicates•@a•@temporal•@change•@in•@accretion•@style•@of•@greenstones•C•@which•@may

•@•@•@reflect•@change•@in•@conditions•@of•@subducting•@oceanic•@crust•@during•@the•@Cretaceous•@time•D•@The

•@•@•@highly•@oblique•@subduction•@of•@the•@old•@oceanic•@crust•C•@with•@limited•@sediment•@supply•C•@led•@to
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•@•@•@dominant•@seamot•pnt•@accret•fion•@and•@tectonic•@erosion•@in•@the•@Early•@Cretaceous•D•@Contrasting•@near•|

•@•@•@orthogonal•@subduction•@of•@young•@oceanic•@crust•C•@coupled•@with•@voluminous•@sediment•@supply•C

•@•@•@promoted•@accretion•@of•@thick•@sediments•@with•@minor•@MORB•@and•@olistostrome•@in•@the•@Late

•@•@•@Cretaceous•D

•i4•j•@The•@exhumation•@event•@of•@the•@lwashimizu•@Coinplex•@occurred•@during•@the•@transition•@between•@two

•@•@•@styles•@described•@above•D•@To•@take•@age•C•@petrologic•C•@and•@stratigraphic•@data•@into•@account•C•@there•@are

•@•@tvyo•@major•@possible•@causes•@for•@the•@exhumation•D•@The•@younging•@of•@oceanic•@crust•@may•@shaHow•@the

•@•@accretion•@depth•C•@decrease•@the•@slab•@dip•C•@and•@consequently•@cause•@an•@extensional•@thinning•@of

•@•@overlying•@units•D•@Another•@cause•@is•@repetitive•@subduction•@of•@seamounts•F•@tlie•@voluminous

•@•@‚µmderplating•@of•@greenstones•@in•@frOllt•@of•@subducting•@seamounts•@lift•@up•@tlle•@earlier•@accreted•@ullitS•G

•@•@and•@gravity•@failure•@in•@rear•@ofseamounts•@thins•@the•@overlylng•@forearc•@sequence•D
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