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Abstract：Intense　middle　Miocene　basaltic　magmatism　took　place　extensively　in　the

Akita－Yamagata　oil　field　and　its　surroun（1ing　areas　in　the　back－arc　region　of　the　NE

Japan　arc．The　basaltic　magmatism　has　similar　features　in　those　of　continental　rift　and

back－a士c　basin，and　is　discussed　here　especially　in　relation　to　the　hypothetical　Japan　Sea

spreading　of　middle　Miocene　age．

　　　　　During　middle　Miocene　time，magmatism　yielded　a　huge　amount　of　basaltic　lavas

and　volcaniclastic　rock：s　in　a　rift　zone　of　the　oil　field，and　a　large　amount　of　acid

volcaniclastic　rocks　with　a　small　amount　of　basaltic　Iava　in　the　surrounding　areas。In　the

rift　zone，the　basaltic　rocks　are　widely　distributed　in　an　area　of200km×30－40km．Their

estimated　volume（several　thousand　km3）is　far　larger　than　that　of　the　Quatemary

volcanic　rockls　in　the　NE　Japan　arc．

　　　　　In　the　rift　zone，the　early　middle　Miocene　basaltic　rocks　extruded　from　NE－SW

trending　feeder　dikes　to　form　submarine　volcanoeS　mder　an　extensional　tectonic　environ－

ment，They　are　intercalated　with　argillaceous　sediments　of　deep　marine（bathyal　zone）

origin．The　late　middle　Miocene　basaltic　rocks　mostly　intruded　into　the　marine　sedi－

ments　to　formed　sills　and　laccoliths　of　dolerite，Consequently，the　basaltic　magmatism　in

the　rift　zone　changed　its　mode　of　activity　from　emption　to　intrusion　during　middle

Miocene　time．

　　　　　In　the　surromding　areas，bimbdal　volcanism　of　the　early　middle　Miocene　basaltic

rocks　and　acidic　rocks　took　place　mainly　on　land　and　shallow　water　bottom　associated

with　formation　of　grabens　and　normal　faults　under　an　extensional　environment．The

bimodal　volcanism　declined　and　the　surrounding　area　subsided　duringlatemiddleMiocene

time．

　　　　　Petrochemistry　of　the　early　middle　Miocene　basaltic　rocks　show　no　systematic

sense　of　spatial　variation　such　as　the　Quaternary　volcanic　rocks　of　the　NE　Japan　arc．

The　basaltic　rocks　from　the　rift　zone　of　the　oil　field　have　affinities　to　back－arc　basin

basalt（BABB）in　major　and　trace　element　chemistry，Whereas，basaltic　rocks　in　the

surrounding　areas　partly　show　a　similarity　to　island　arc　basalt．From　the　spatial　varia・

tion　in　petrochemistry，the　basaltic　rocks　was　derived　from　a　source　mantle　of　BABB　type

with　slight　metasomatism　by　subduction　components．

　　　　　The　late　middle　Miocene　basaltic　rocks　show　a　slight　change　toward　island＆rc

basalt　in　trace　element　chemistry．This　temporal　change　in　petrochemistry　may　be

interpreted　as　due　to　increasing　contribution　of　mantle　metasomatism　by　subduction

components　to　the　generation　of　the　basaltic　magma．

　　　　　The　size　and　geotectonic　features　of　the　rift　zone　provide　a　soun（l　basis　to　postulate

that　the　rift　zone　of　the　oil　field　was　one　of　failed　rifts　in　and　around　the　Japan　Sea，

Possibly，the　rift　zone（1eveloped　in　the　peripheral　part　of　the　spreading　Japan　Sea　an（i　the

middle　Miocene　basaltic　magmatism　occurred　during　the　time　of　Japan　Sea　spreading．

＊Geology　Department
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　Recent　geological　and　geophygical　studies　on

the　Japan　arc　and　the　Japan　Sea　have　led　to　a

hypothesis　that　the　Japan　arc　is　a　continental

fragment　split　from　the　Asian　continental　margin

due　to　spreading　of　the　Japan　Sea　during　middle

Miocene　time（e，9．OToFuJI6砲1．，1985；TAMAKI，

1988）．During　this　time，the　NE　Japan　arc

became　a　site　of　intense　magmatism．

　　The　middle　Miocene　magmatism　has　distinct

features　from　the　Quatemary　vo16anism　in　the

NE　Japan　arc　as　follows：1）The　magmatism

yielded　a　greater　volume　of　the　volcanic　rocks

than　Quatemary　volcanics（OzAwA，19631KoNDA，

1974）。2）The　magmatism　produced　basaltic

rocks　in　the　Akita－Yamagata　oil　field，whereas　it

yielded　mainly　aci（1volcanic　rocks　in　and　around

the　Ou　backbone　range（Fig．1）（CHIHARA，1967；

KoNDA，197410HGucHI，1983）．3）The　volcanic

products　contain　tholeiitic　rocks　of　oceanic　type

in　places（SHuTo　and　YAsHIMA，1985）．4）The

volcanic　rocks　show　no　systematic　spatial　varia－

tion　in　alkali　content（SHuToα召1．，19881Tsu－

CHIYA，1988a）．

　　The　middle　Miocene　magmatism　occurred

contemporaneously　with　extensional　tectonic

movement　in　the　back－arc　region　of　the　NE

Japan　arc．This　movementresulted　in　formation

of　normal　faults　（AMANo，19821KuwAHARA，
1982；　SATo　6オ召1．，　1982）．　horst　and　grabens

（YAMAJI，1989）．and　caused　regional　subsidence

（SATO，1986）．

　　These　features　of　magmatism　and　tectonic

movement　of　middle　Miocene　age　are　similar　to

those　of　continental　rift　such　as　the　Grate　basin

（e．g．STuwART，1978；HARTαα1．，1984）and　the

Rio　Grande　rift（e．9．LIPMAN，1969）in　the　west－

em　North　America．Taken　this　into　considera－

tion，the　middle　Miocene　magmatism　in　the　NE

Japan　arc　can　be　related　to　rifting　in　the　conti－

nent．

　　The　acid　magmatism　of　middle　Miocene　age

yielded　Kuroko　deposits　and　has　been　studied　in

detai1（e．g．SATo，1974），whereas　the　basaltic

magmatism　has　been　studied　a　little　because　the

basaltic　rocks　are　mostly　overlain　by　thick　sedi－

ments　in　the　oil　field　and　are　hard　to　obtain　these

underground　specimens．

　Recently，the　basaltic　rocks　have　been　penetrat－

ed　by　deep　drilling　for　oil　exploration，and　their

subsurface　distribution　has　been　unveiled　（e．g．

OzAwAα41．，1986εlnd．．19881TsucHIYA，1988a）．

The　estimated　volume（several　thousand　km3）is

far　greater　than　that　of　the　Quatemary　volcanic

rocks　in　the　NE　Japan　arc．

　The　author　has　had　opportunities　to　examine

borehole－cores　of　the　basaltic　rocks　in　the　NE

Japan　arc，and　he　attempted　to　clarify　the　occur－

rence　and　origin　of　the　basaltic　magmatism　espe－

cially　in　relation　to　the　rifting　event　of　the　NE

Japanarc．

　　First，reconstruction　of　submarine　volcanoes　in

this　area　wasmade　ofthe　basaltic　rocks　referring

to　recent　studies　on　submarine　volcanic　pro（lucts．

Second，the　nature　of　basaltic　rocks　is　discussed

on　the　basis　of　analyses　of　major　and　trace　ele－

ments，Then，particular　emphasis　is　directed　to

the　petrochemical　featur酵s　in　comparison　with

those　of　island　arc，mid－oceanic　ridge，back－arc

basin，and　continental　rift．

　　Finally，the　author　discusses　the　significance　of

the　basaltic　magmatism　in　rifting　tectonics　and

geologic　development　of　the　back－arc　region　of

the　NE　Japan　arc．Conclusively　a　model　for　the

basaltic　magmatism　is　proposed　in　relation　to

hypothetical　Japan　Sea　spreading．
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　The　study　area　is　situated　in　the　Akita－

Yamagata　oil　field　and　surrounding　areas　in　the

back－arc　region　of　the　NE　Japan　arc　and　includes

the　eastem　margin　of　Japan　Sea（Fig．1）．

　The　Akita－Yamagata　oil　field　and　surromding

areas　are　underlain　by　Tertiary　volcanic　rocks
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The　study　area（Akita－Yamagata　oil　field　and　surromding　areas）is　also　shown．
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Fig．2 Stratigraphic　divisions　of　Neoge亘e　system　and　geologic　events　in　the　Akita－Yamag＆ta　oil　field

and　surrounding　areas，This　figure　is　summarized　from　data　of　this　study　and　previous　studies

（e．g．HuzloKA，1956；KITAMuRA，195911KEBE，19621TAGuc田，196210zAwA，1963；MIYAGI，19631

SATo，1974；AMANo，19821SATo6砲乙，1982；SATo，1986）．

and　clastic　sediments．The　volcanic　rocks　occur

in　the　lower　half　of　the　Tertiary　system　and

commonly　tum　to　greenish－color　by　conspicuous

hydrothermal　alteration　so　that　they　are　called

“Green　Tuf｛”in　Japan．Volcanism　of“Green

Tuff”continued　from　late　Oligocene　to　middle．

Miocene　time　and　is　subdivided　into　andesite

volcanism　ofthe　Monzen　stage（late　Oligocene　to

early　Miocene）and　bimodal　volcanism　of　the

Daijima－Nishikurosawa　stage　（early　middle

Miocene）（Fig．2）．

　　The　clastic　sediments　occur　in　the　upper　half　of

the　Tertiary　system　and　accumulated　during

middle　Miocene　to　Pliocene　time．The　sedi－

ments　are　divided　into　the　Omagawa，Funakawa，

Tentokuji　and　Sasaoka　stages，in　ascending
order。

　The　middle　Miocene　basaltic　rocks　occurmost－

Iy　in　the　upper　part　of　the　Daijima－Nishikuro－

sawa　stage　and　the　lower　part　of　Onnagawa　stage

（Fig．3）．

　The　upper　part　of　the　Daijima－Nishikurosawa

stage　abundantly　yields　index　fossils，particular－

ly，四■oα移αwas　described　from　many　localities　in

the　NE　Japan　arc　（UozuMI　and　FuJIE，1966）．

From　the　comprehensive　studies　of　the　index

fossils，the　age　of　the　upper　part　of　the　Dailima－

Nishikurosawa　stage　is　considered　to　be13－16．5

Ma（OGAsAwARA6砲1．，1986）．The　lowerpart　of

this　stage　lacks　in　index　fossils　and　its　age

remains　uncertain．However，the　lower　part　of

this　stagewasdatedbyK－Ar　method　at17－21Ma

（KIMuRA，19861UsuDA　and　OKAMoTo，1986）．

Accordingly，the　upper　part　of　the　Daijima一
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Stratigraphic　table　of　the　middle　Miocene　formations　in　the　Akita－Yamagata　oil　field　and
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Nishikurosawa　stage　is　regarded　as　early　middle

Miocene　in　age，while　its　lower　part　may　be　early

Miocene　in　age．

　The　age　of　the　Onnagawa　stage　ranges　gener－

ally　from9to　l3．5Ma　as　inferred　from　the　plan－

ktonic　foraminiferal　and　nannoplankton　fossils

（OGAsAwARA6厩1．，1986）．Thus，volcanism　of

the　basaltic　rocks　occurred　mainly　in　middle

Miocene　time．

　　The　age　of　the　dolerites　may　not　be　much

delayed　from　the　extrusive　rocks　of　the　middle

Miocene　formations（TsucHIYA，1986and1989）。

　2．2Geo且ogieeve臨si聾mi醐且eMioce醜eage
　In　the　back－arc　region　of　the　NE　Japan　arc，the

basaltic　volcanism　of　middle　Miocene　age　was

taken　p玉ace　concurrently　with　volcanism　of

rhyolite－dacite，and　both　represent　bimodal　vo1－

canism（KoNDA，1974）．During　the　time　of　the

bimodal　volcanism，important　geologic　events

occurred　in　the　back－arc　region，namely　regional

subsidence　and　Kuroko　mineralization（Fig．2）．

2．2．l　Regional　Subsidence

　The　formations　of　the　Daijima－Nishikurosawa

stage　include　characteristic　fossils　of　the　Daijima

type　flora（HuzIoKA，1963），molluscas　and　for－

aminiferas．

　The　molluscan　and　foraminiferal　fossils　sug－

gest　that　most　of　the　back－arc　region　started　to

submerge　to　reach　bathyal　zone　（500－2500m

depth；KITAzATo，1983；SATo，1986）　since　the

time　of　N8（BLow，1969）．According　to　AMANo

（1982），the　sea　level　was　changed　by　eustasy

during　middle　Miocene　time　and　reached　ca．300

mabovethepresentsealevel．However，the
submergence　of　this　region　is　far　larger　than　this

sea　level　change，　suggest圭ng　a　considerable

amount　of　concurrent　crustal　subsidence。The

basaltic　magmatism　took　place　mainly　during　the

time　of　this　subsidence．

2．2．2　Kuroko　mineralization

　During　the　later　stage　of　the　basaltic　mag－

matism，Kuroko　mineralization　occurred　as－

sociated　with　the　coeval　acidic　magmatism

within　a　few　million　years　around13Ma　in　the

NE　Japan　arc，especially　in　the　Hokuroku　dis－

trict，to　the　northeast　of　the　Akita－Yamagata　oil

field（SATo，19741CATHLEs6渉召1．，1982）．

3．亙）istrib虞io醜o貨恥eめas＆且ticrocks

　Simplified　figures　were　made　to　illustrate　a

regional　lithofacies　map　of　the　Daijima－Nishi－

kurosawa　stage（early　middle　Miocene　age）and

representative　cross　sections　of　the　Akita－

Yamagata　oil　field（Figs．4and5），on　the　basis　of

deep　well　and　field　data．Both　figures　reveal

that　a　thick　pile　of　the　basaltic　rocks　is　distribut－

ed　widely　and　intercalates　mudstone　layers　main－

ly玉n　the　upPer　part．

　Areal　extent　of　the　thick　basaltic　rocks　mea－

sures　approximately200km　long　in　N－S　and

30－40km　wide　in　E－W．The　wells　were
penetrated　deeply　into　the　basaltic　rocks　in　the　oil

field，but　mostly　did　not　reach　the　lower　limit　of

the　basaltic　rock：s．Estimated　thickness　of　the

basalticrocksexceeds1，000mandlocally1，500

m．Therefore，the　total　volume　of　the　basaltic

rocks　in　the　oil　field　is　estimated　to　be　several

thousand　km30r　more．Thisvolume　is　far　larger

than　that　of　the　Quatemary　volcanic　rocks　in　the

NE　Japan　arc（about1，500km3，ARAMAKI　and　UI，

1978）．

　　In　the　surroun（iing　areas　of　the　oil　field，vo1－

canic　rocks　of　the　Daijima－Nishikurosawa　stage

consist　of　a　large　amount　of　acid　volcaniclastic

rocks　and　a　small　amount　ofbasaltic　rocks　whose

thickness　is　mostly　less　than300m（Figs。4and
5）．

　　On　the　other　hand，the　basaltic　rocks　of　the

Omagawa　stage（1ate　middle　Miocene）are　dis－

tributed　mainly　in　the　oil　field　and　mostly　form

intrusive　bodies．Total　volume　of　the　basaltic

rocks　ofthe　Onnagawa　stage　becomes　far　smaller

than　that　of　the　Daijima－Nishikurosawa　stage．

4。M翻eo£OCC麗re盟ce躁岨geotecto髄ic
　　　丘e畿t賜re　o£t恥eめasa丑t萱〔3rocks

　As　described　in　the　previous　chapter，middle

Miocenebasaltic　magmatism　was　predominant　in

the　Akita－Yamagata　oil　field，whereas　bimodal
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Fig．4 Lithofacies　map　of　the　Daijima－Nishikurosawa　stage　in　the　Akita－Yamagata　oil　field　and

surrounding　areas（modified　TsucHIYA，1988a），
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magmatism　occurred　in　the　surromding　areas．

The　magmatism　in　the　oil　field　and　the　surround－

ing　areas　occurred　contemporaneously　with

regional　subsidence．　Particularly，the　oil　field

apparently　subsided　to　form　a　sedimentary　basin，

as　evidenced　by　the　thick　deposits　in　the　oil　field．

4．1　Akit読一Yamagat訊oi亘fie騒

　4．1．1　Daijima－Nishikurosawa　stage

　In　the　early　middle　Miocene　time（Daijima－

Nishikurosawa　stage），the　basaltic　rocks　extrud－

ed　voluminously　in　the　oil　field　basin　to　form

submarine　volcanoes　which　exceed　l，000m　in

maximum　height　from　the　bottom．The　basaltic

rocks　are　well　observed　in　the　Sunakobuchi　and

Aosawa　Formations（TsucHIYA，1986and1989）．

Schematic　cross　sections　of　the　Sunakobuchi　and

Aosawa　Formations（Fig．6and7）were　drawn　to

reconstruct　the　submarine　volcanoesbased　onthe

data　of　field　survey　and　fossils．　Basaltic　lavas

and　volcaniclastic　rocks　built　the　volcanoes　and

are　intruded　by　feeder　dikes．

　The　high　parts　of　the　volcanoes　are　composed

mostly　of　vesicular　subaqueous　volcaniclastic

rocks　which　contain　oxidized　scoria　and　mollus－

can　fossils　of　shallow　marine　type．Whereas，

basaltic　volcaniclastic　rocks　on　the　flank　of　the

volcanoes　intercalate　and　are　covered　with　the

black　mudstone　which　contains　foramin圭feral

fossils　of　deep　marine　（bathyal）type．This

occurrence　shows　that　the　mudstone　was　deposit－

ed　mainly　on　distal　parts　of　the　volcanoes　during

the　basaltic　magmatism．

　　The　mudstone　is　well　stratified　and　is　gently

inclined　or　nearly　horizontal．The　mudstone

may　have　been　free　from　compressive　faulting

and　folding　during　the　time　of　deposition．　The

basaltic　feeder　dikes　and　normal　faults，both　are

ofNNE－SSWtoNE－SWtrend，occurextensively
in　the　basaltic　rocks　and　mudstone．The　dikes

intruded　into　open　cracks　and　spaces，some　of

which　were　clearly　formed　by　fault　displacement．

The　dikes　and　normal　faults　were　formed　under

extensional　tectonlc　condition　of　NNE－SSW　to

NW－SEdirectionduringthebasalticmagmatism．

S
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Fig．8　Geological　map　of　the　Tachiyazawa　district。

　Sills　and　laccoliths　of　dolerite　occur　in　the

mudstone　of　the　Daijima－Nishikurosawa　stage．

The　dolerite　intruded　extensively　along　the　bed－

ding　and　commonly　have　vesicular　chilled　mar－

gin．　In　places，they　disturbed　the　bedding　plane

of　the　mudstone　near　the　contact　and　included

irregular－shaped　fragments　of　the　black　mud一

stone．The　occurrence　of　the　dolerite　suggest

thatbasaltic　magma　intruded　into　mconsolidated

sediments（TsucHIYA，1986and1989）．

　Similar　occurrence　of　the　bαsaltic　rocks　of　the

Daijima－Nishikurosawa　stage（Fig．8）is　observ－

ed　in　the　Tachiyazawa　district，southemmost

part　of　the　oil　field．Also，the　deep－seated
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basaltic　rocks　in　many　boreholes　have　similar

occurrence　to　those　in　the　Sunakobuchi　and

Aosawa　Formations．（SATo　and　ANNAKA，19861

0zAwA6齢1．，19891TsucHIYA6短」．，1989）．

　4．1．2　0nnagawa　stage

　In　the　late　middle　Miocene　time（Onnagawa

stage），while　thick　hard　mudstone　overlay　the

basaltic　rocks　and　black　mudstone　of　the

Daijima－Nishikurosawa　stage，the　basaltic　mag－

matism　of　the　Omagawa　stage　formed　a　number

of　dolerite　sills　and　laccoliths　mainly　in　the　hard

mudstone　of　the　Onnagawa　stage（KoNDA，1960）．

　　It　is　noted　that　the　basaltic　magmatism　chang－

ed　its　mode　from　submarine　eruption　to　dolerite

intrusion　d皿ing　the　deposition　ofthe　mudstone　of

the　Daijima－Nishikurosawa　and　Omagawa
stages．The　mudstone　may　not　have　been
solidified　yet　at　the　time　of　dolerite　intrusion．It

is　noticed　that　basaltic　magmas　fumished　the

dolerite　intrusions　not　ascended　to　form　effusive

rocks，but　spread　out　as　sills　in　the　soft　argi1－

laceous　sediments．Because　the　basaltic　magma

had　higher　bulk　density　than　the　soft　sediments

and　remained　at　the　lower　level　of　the　sediments，

as　pointed　out　by　McBIRNEY（1963〉and　EINsELE

（1985）．Until　late　Miocene　time，the　basaltic

magmatism　and　sedimentation　formed　a　complex、

unit　which　cosists　mostly　of　basaltic　extrusive

rock，intrusive　rock　and　argillaceous　sediments。

4．2　S覗rro覗盤《量i醜9＆reas

　4．2．亙　Dailima－Nishikurosawa　stage

　In　the　surrounding　areas，the　fQrmations　of　the

Daijima－Nishikurosawa　stage　are　made　mainly

df　voluminous　acid　volcaniclastic　rocks　and　sub－

ordinate　amounts　of　basalt　lava　and　volcaniclas－

tic　rocks（KoNDA，197410HGucHI，198310zAwAα

磁，1983and1988；TsucHIYA6！磁，1989）．　The

acid　volcaniclastic　rocks　intercalate　welded　tuff

and　contain　plant　fossils　and　molluscan　fossils　of

shallow　marine　type，while　the　basalt　contains

oxidized　scoria　and　pillow　lava．The　lithofacies

and　biofacies　of　this　stage　indicate　that　the

bimodal　volcanism　occurred　on　land　and　shallow

water　bottom　during　early　middle　Miocene　time．

Basaltic　dikes　and　grabens　of　NNE－SSW　to

NE－SW　trend　are　found　inthesurroundingareas，

as　observed　in　the　northernmost　part　of　the　oiI

field（OzAwA6砲1．，1983）and　the　northem　part　of

Uetsu　Momtains（TSUCHIYA6砂1．，19841YAMAJI，

1989）．，The　grabens　were　formed　until　early

middle　Miocene　age　and　were　filled　rapidly　with

volcanic　rocks　and　th圭ck　sediments　of　middle

Miocene　age．The　basaltic　dikes　and　grabens

are　considered　tohave　formedunderWNW－ESE

to　NW－SE　tensional　tectonic　condition　during

early　middle　Miocene　time。

　4．2．2　0nnagawa　stage

　The　formations　of　the　Onnagawa　stage　are

made　mainly　of　hard　mudstone　and　intercalate

andesite　and　a　small　amount　of　basalt　in　places，

and　intruded　by　dolerite　sills。The　mudstone　of

this　stage　contain　rarely　foraminiferal　fossils　of

bathyal　type，and　may　have　been　deposited　on

deep　sea　bottom（SATo，1986）．From　the　lith－

ofac三es　and　fossil　evidence，the　bimodal　volcan－

ism　declined　and　basaltic　magma　formed　the

dolerite　sills　in　the　mudstone　of　the　Omagawa

stages．　The　change　in　lithofacies　and　fossils

from　Daijima－Nishikurosawa　stage　to　the　Oma－

gawa　stage　suggests　a　regional　subsidence　in　the

surrounding　areas　during　middle　Miocene　time．

　4．3M＆g灘t置sm罎戯灘盟geve醜
　Based　on　the　mode　of　occurrence　of　the　middle

Miocene　basaltic　rocks，the　bαsaltic　magmatism

can　be　summarized　schematically　as　shown　in

Fig．9．Geotectonic　features　of　the　middle

Miocene　formations　in　the　Akita－Yamagata　oil

field　and　the　surrounding　areas　are　summarized

as　follows：

　A）　Akita－Yamagata　oil　field
1）

2）

Intensive　subsidence，

Intense　basaltic　magmatism　which

formed　submarine　volcanoes，dike
swarm，sills　and　laccoliths　under　a　ten－

sional　tectonic　condition。

B）The　surrounding　areas

　　l）Formation　of　horst　and　graben

　　2〉Bimodal　magmatism　which　produced

　　　　　acid　volcaniclastic　rocks　with　subor一
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翻
　　　Basalt　tuff　and　lapiIli　tuff

　　　　（mainly　subaqueous　pyroclastic
　　　　　rock　and　epiclastic　tuff）

圏　　　Basalt　tuff　breccia　and　volcan濫c

　　　　breccia（mainly　hyabclastite）

國Basaltlava（partlypill・wlava）

國Addv・lcaniclastlcr・cks

團αig・働e－earW・cenefQrmatlQns

團Pre－Tαtiarygranitlcr・cks

A　schematic　cross　section　showing　the　mode　of　magmatism　in　the　Akita－Yamagata　oil　field

and　surrounding　areas（Japan　Sea　and　inland　areas）in　early　middle　Miocene　time（Daijima－

Nishikurosawa　stage）．

　　　　　　dinate　amounts　of　basalt　lavas　and　vol一．

　　　　　　caniclastic　rocks

　Following　the　magmatism，regional　subsidence

and　sedimentation　occurred　in　both　areas．

　These　geotectonic　features　strongly　suggest

that　the　basin　of　the　Akita－Yamagata　oil　field

has　been　formed　as　a　rift　zone　in　middle　Miocene

time　and　the　basaltic　magmatism　took　place

related　to　the　rifting．The　rifting　event　of　the

middle　Miocene　age　inthe　oil　field　isquitesimilar

to　that　of　the　Rio　Grande　rift，westem　North

America（LlpMAN，1969；LIPMAN　and　MEHNERT，
1979）．

5．Pe伽且ogyofthem童雌eMioce醜e
　　　basa昼tic　rocks

　The　basaltic　rocks　of　the　Daijima－Nishikuro－

sawa　and　Onnagawa　stαges　were　chemically

analysed　to　c玉arify　their　petrochemistry　and

tectonic　setting．The　petrochemical　data　of　the

basaltic　rocks　of　the　Daijima－Nishikurosawa

stage　are　examined　and　divided　into　those　of　the

oil　field　and　the　surrounding　areas．　Further，the

surrounding　areas　are　subdivided　into　three

areas，i．e．the　eastem　margin　of　Japan　Sea

（Japan　Sea　in　short），northern　inland（inland　N），

and　southem　inland（inland　S）（Fig．12）．　The

basaltic　rocks　of　the　Onnagawa　stage　mostly

occur　in　the　oil　field．

　5．1Petrogra油ica腿es磁聾tio醜

　The　extrusive　basaltic　rocks　of　the　middle

Miocene　age　consist　mainly　of　olivine　basalt　and

augite－01ivine　basalt．The　intrusive　basaltic

rocks　are　composed　chiefly　of　augite－olivine

dolerite　associated　with　hypersthene－augite－

olivine　dolerite．Both　basaltic　rocks　were　alter－

ed　and　contain　alteration　minerals，such　as　chlor－

ite，zeolite，carbonate，etc．

　The　basaltic　rocks　are　classified　in　terms　of

rock　type　and　rock　series　after　KuNo　（1950）

（Table1）。The　middle　Miocene　basaltic　rocks

consist　mainly　of　the　pigeonitic　rock　series，while

the　rocks　of　the　Daijima－Nishikurosawa　stage

involve　some　of　the　hypersthenic　rock　series．

5．2Majore且e㎜e虚c恥emistry

　5．2．l　Alteration　effect　on　major　element

　　　　　　　CompoSition

　The　middle　Miocene　basaltic　rocks　have　been

altered　and　may　have　changed　their　original

chemical　compositions．As　the　compositional

change　of　the　basaltic　rocks　can　not　be　estimated

quantitatively，the　basaltic　rocks　were　classified
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Rock　series　and　rock　types　of　the　middle　Miocene　basaltic　rocks。

be　referred　to　those　in　TsucHIYA（1988a　and1988b），

Sample　numbers　are　to

Stage Daijima－Nishikurosawa　stage
Onnagawa

Area
Japan Oil　field Inland（N） Inland（S）

stage

series＊ type＊

Alkali III　b 36 58

rock IV　b 91 24

series

Pigeonitic III　b 27 29596104 6570 206207

rock 皿b→c 94 1351 607264

series III　C 3587899297105 774550 7173 217218

IV　b 221

IV　c 81 323499111 1415162374 201202203

V　c 114

X　c 80 2549 108

b 3113557102 192021464876 6267 205214219220

b→c 5 26

C 8384 103 7879 66 204

Hypersthenic III　a

rock 皿d 15482 59

series IV　d 18 107

V　d 53 90 69

X　d 47

a 101140 68 213

d
＊　after　KuNO（1950）

into　two　rock　groups，slightly　altered　rocks　and

considerably　altered　rocks，in　the　following

discussion．

　The　slightly　altered　rock　preserve　original　tex－

ture　and　scarcely　contain　vein　and　vesicle，and

most　of　the　constituent　minerals　remain　unalter－

ed．　Their　plagioclase　and　clinopyroxene　have

scarcely　altered　even　when　their　olivine　and

volcanic　glass　are　altered．The　petrochemical

characteristics　ofthe　basaltic　rocks　are　examined

mainly　on　the　basis　of　the　slightly　altered　rocks．

5．2。2　Characteristics　of　major　elementchemis－

　　　　　try

　The　middle　Miocene　basaltic　rocks　range50－54

wt％in　SiO2content　and1．0－1。8in　FeO＊／MgO

ratio　（Fig．10），and　are　less　differentiated　than

the　Quatemary　volcanic　rocks　of　the　NE　Japan

arc（KATSuI6渉4乙，19781AOKI，1983）．

Bごzsα1あo　　zo6左s　　（ゾ　　孟h6　　Z）αカ●1㎜一．〈砿sh薦z銘osαzoα

吻816：The　basaltic　rocks　of　the　Daijima－Nishi－

kurosawa　stage　are　mostly　plotted　in　the　field　of

the　low－alkali　tholeiite　series（LT）and　high－

alumina　basalt　series　and　high－alkali　tholeiite

series　（HA）of　KuNo　（1968）（Fig．11）．The

clinopyroxenes　in　the　basaltic　rocks　also　have　the

tholeiitic　affinity（TsucHIYA，1988a）．

　The　basaltic　rocks　in　the　Japan　Sea　area　are

mainly　plotted　in　the　LT　field，and　the　rocks　in

the　oil　field　area　are　plotted　in　the　fields　of　both

LT　and　HA．The　rocks　in　the　inland　N　and　S

areas　are　plotted　mainly　in　the　fields　of　LT　and

HA，respectively（Fig．11）．

　The　basaltic　rocks　of　the　Daijima－Nishikuro－

sawa　stage　do　not　show　increment　in　alkali　con－

tents　from　the　Pacific　side　to　the　Japan　Sea　side

（Fig．12）．　Particularly，in　the　southern　part　of

the　study　area，the　rocks　in　the　inland　S　area　are

一485一

暇驚劉



βκJl6’勿z（ゾ孟h6060109ガαzlSz67∂6夕ρプノ4望）ごz％，1茜oJ．41，ハ汚o．9

Sio2　　　　　　　　工9
　　　　　　　　　　　　　馳

50 55 　　60

1　A－N　ISH

遡　馳星91
FeOシMgO

　　　　　1．O

ROSAW　STAGE

2．0 3．O

ll JAPAN　SEA
　　　n＝9

｛ll Olし Fl　Eし’D

n＝28

しD

：L　二』＿己鰐（s）
　　　　　　　50　　　　　　　　　　55　　　　　　　　　　60

11

（S）

1．0 2。0 3．0

n＝14

50 55 60 1．0 2。0 3．O

111 RIO　GRANDε
　　　n＝20

50

Fig．10

55 60 1．0 2．0 3．0

Frequency　distribution　of　SiO2content　and　FeO＊／MgO　ratio　of　the　middle　Miocene　basaltic

rocks（slightly　altered　rocks）（modified　from　TsucHIYA，1988a）．Hatched　area　shows　intru－

sive　rocks．Dotted　area　shows　high－alumina　basalt　and　high－alkali　tholeiite　series（HA）in

the　oil　field．For　the　comparison，data　of　Mariana　trough　basalt（HAwKINs　and　MELcHloR，

1985），Rio　Grande　rift　basalt（AoKI，1967）are　shown（modified　TsucHIYA，1988a）．

rather　rich　in　alkali　content　than　those　of　the

Japan　Sea　area．　Therefore，the　across　arc　varia－

tion　of　the　basaltic　rocks　is　apParently　distinct

from　that　of　the　Quatemary　volcanic　rocks　in　the

NE　Japan　arc（KuNO，19661KATsul窃α1．，19781

AOKI，1983）．

　　The　basaユtic　rocks　have　tholeiitic　trends　in

various　differentiation　diagrams　（TsucHIYA，

1988a）．Plot　on　the　TiO2vs．FeO＊／MgO　diagram

（Fig．13）s恥ows　that　the　rocks　from　the　inland　S

area　not＆bly　increase　in　TiO2with　increasing　of

FeO＊／MgO，whereas　those　from　other　areas

．slightly　increase　in　TiO2．

　　The　chemical　compositions　of　the　middle

Miocene　basaltic　rocks　are　normalized　at　FeO＊／

MgO＝L4which　is　an　average　value　of　the

basaltic　rocks　（Table2〉．In　the　no㎜alized

values，the　basaltic　rocks　from　the　inland　S　area

show　higher　values　of　TiO2（1．5wt％〉，K20（1．O

wt％）and　P205（0．4wt％）contents　than　the　HA

basalts　from　other　area．s（Table．2）．

Bαs召1だo　名o漉s　6ゾ　孟h6　0％％α即z昭　ε如g6：The

basaltic　rocks　of　the　Onnagawa　stage　have　major

element　compositions　similar　to　those　from　the
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（modified．from　TsucHIYA，1988a）．AL，HA　and　LT　show　the　fields　of　alkali　basalt　series，high

－alumina　basalt　series（high　alkali　tholeiite　series），and　low－alkali　tholeiite　series　of　KuNo

（1966and1968），respectively．The　med－K　and　low－K　show　the　fields　of　medium　K20and　low

－K20series　of　GILL（1981）（modified　TsucHIYA，1988a），
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Fig．12 Regional　distribution　of　the　rock　series　of　the　basaltic　rocks　of　the　Daijima－Nishikurosawa

stage（modified　from　TsucHIYA，1988a）．LT　l　Low－alkali　tholeiite　series，HA二high－alumina

basalt　and　high一＆1kali　tholeiite　series，AL：Alkali　bas＆1t　series，CT二Calc－alkah　rock　series

associated　with　low－alkali　tholeiite　series（modified　TsucHIYA，1988a）．

oil　field　of　the　Daijima－Nishikurosawa　stage

（Table2；Fig10and11）．　However，the　basaltic

rocks　are　slightly　rich　in　K20content　compared

with　those　of　the　Daijima－Nishikurosawa　stage

（Fig．11〉．

5．2。3 Comparison　with　tholeiitic　basalts　from

other喜eotectonicsettings

　　The　middle　Miocene　basaltic　rocks　have　dis－

tinct　characteristics　from　island　arc　volcanic
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Plot　on　TiO2vs．FeO＊／MgO　diagram　for　the　middle　Miocene　basaltic　rocks（modified　from

TsucHIYA，1988a）．LT，HA　and　AL　are　the　same　as　those　in　Fig。12．For　the　comparison，

trends　and　compositional　fields　ofMORB（MIYAsHIRo，1975），Mariana　troughbasalt（HAwKINs

and　MELcHIoR，1985），Rio　Grande　rift　basalt（AoKI，1967）and　tholeiitic　series　of　the　Nasu

Volcanic　zone　are　shown（modified　TsucHIYA，1988a）．

rocks　such　as　Quaternary　volcanic　rocks　of　the

NE　Japan　arc．　The　basaltic　rocks　are　the　prod－

ucts　of　the　bimodal　volcanism（KoNDA，1974）and

have　no　systematic　increment　of　alkali　content

toward　the　back－arc　side．Bimodal　volcanism

commonly　have　occurred　in　continental　rift　and

back－arc　spreading　regions，such　as　Basin　and

Range　and　Rio－Grande　rift　regions，westem

United　States（LlpMAN，19691LIPMAN　and　MEH．

NART，1979）．
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Table2 Normalized　compositions　of　the　middle　Miocene　basaltic　rocks．The　data　were　normalized　at

FeO＊／MgO＝1．40n　the　diagram　of　oxides　vs．FeO＊／MgO．Data　of　Mariana　trough　basalt

（HAwKINs　and　MELcHloR，1985），Rio　Grande　rift　basalt（AoKI，1967）and　Nasu　tholeiitic　basalt

（after　TsucHIYA，1988）are　also　shown．LT：Low－alkali　tholeiite　series，HA：high－alumina

basalt　and　high－alkali　tholeiite　series（modified　TsucHIYA，1988a）．

STAGE
AREA JAPAN

SEA OIL　FIELD

DAIJIMA－NISHIKUROSAWA
INLAND
　（N）

INLAND　i
　　（S）　1

ONNAGAWA

MAR王ANA
RIO－
GRANDE NASU

SERIES LT
　　　　I

LT HA　　： LT 　　　　　　；

l　HA LT HA 　　　　IHA HA
1
8

LT

Sio2 54．64 51．66 53．11 52．34

　　　　；
　　　　鵬54．29、 55．16 52．15 50．66 50．69 51．32

Tio2 1．07 1．15 ！．03 0．93
1．56‘

　　　1
0．96 1．！2 1．55 1．29 0．84

Al203 17．43 17．35 17．96 17．14 16，671 18．70 18．05 17．11 16．92 18．98

FeO＊ 8．07 9．34 8．04 9．14 8，441 7．36 8．52 8．84 10．76 9．49

MnO 0．17 0．18 0．17 0．15 0．15， 0．12 0．14 0．15 0．15 0．17

MgO 5．98 6．89 6．47 6．95 6．13i 3．92 6．50 6．27 7．51 6．19

CaO 8．66 10．38 9．07 10．57 8，25： 10．31 9．38 11．19 8．62 10．58

Na20 2．91 2．43 3．12 2．17 3，08：
　　　：

2．66 2．96 3．45 2．96 2．08

K20 0．85 0．38 0．82 0．46
　　　，1．00
　　　1

0．63 0．93 0．50 0．91 0．25

P20 0．21 0．20 0．20 0．14
0．43：

0．16 0．25 0．18 0．18 0．10
1

Tota1 99．99 99．96 99．99 99．99 100，00： 99．82 99．75 99．90 99．99 100．00

FeO＊．Total　iron　as　FeO

　In　order　to　clarify　origin　and　tectonic　setting　of

the　basaltic　magmatism，the　middle　Miocene

basaltic　rocks　are　compared　ingeoche；nistrywith

tholeiitic　basalts　from　island　arc，rbid－oceanic

ridge，back－arc　basin，and　continental　rift．

　　Tholeiitic　basalt　of　island　arc，e．g．that　of　the

Nasu　volcanic　zone　of　the　NE　Japan　arc，have

higher　range　of　FeO＊／MgO　ratio　than　mid－oce－

anic　ridge　basalt（MORB），back－arc　basin　basalt

（BABB），and　continental　rift　basalt．Tholeiitic

basalt　of　island　arc　is　generally　poor　in　TiO2and

rich　in　K20compared’with　MORB，BABB　and
tholeiitic　basalt　of　continental　rift（e．9．PEARcE

and　CANN，1973），while，BABB　tends　to　be　slight－

ly　poor　in　TiO2and　rich　in　K20than　MORB（e．g。

HAwKINs，1977；HAwKINs　and　MELcHloR，1985）．

　　Tholeiitic　basalt　of　the　Rio　Grande　rift（AoKI，

1967）has　empted　at　the　time　of　rifing（LIPMAN，

1969）and　is　similar　to　BABB　in　chemistry．

　　The　middle　Miocene　basaltic　rocks　are　similar

in　the　range　of　SiO2content　and　FeO＊／MgO　ratio

to　the　basalts　in　the　Mariana　trough　and　Rio

Grande　rift（Fig．10）．Inthe　TiO2vs．FeO＊／MgO

diagram（Fig．13），the　basaltic　rocks　from　the

inland　S　area　of　the　Daijima－Nishikurosawa

stage　show　a　similar　trend　to　that　ofthe　Mariana

trough　basalt．In　the　normalized　values（Table

2），most　of　the　middle　Miocene　basaltic　rocks

have　intermediate　TiO2contents　between　high

values　ofthe　rocks　from　Mariana　trough　and　low

value　of　the　Quatemary　rocks　from　the　Nasu

VOICaniC　ZOne．

　The　chemical　characteristics　of　the　middle

Miocene　basalt　are　summarized　as　follows．

Most　ofthe　basaltic　rocks　ofmiddle　Miocene　age

are　comprised　in　tholeiitic　series．They　do　not

show　systematic　increment　of　alkali　contents

toward　the　back－arc　side．Most　of　the　basaltic

rocks　have　a　range　of　FeO＊／MgO　ratio　close　to

that　of　BABB。The　basaltic　rocks　of　the　Dai－

jima－Nishikurosawa　stage　in　the　inland　S　area

increase　notably　in　TiO2content　with　increasing

in　FeO＊／MgO　ratio．These　characteristics　are

simiiar　to　those　of　BABB　rather　than　island　arc

basa．1t。

　5。3丁聡cee艮eme賦tc翫emistry

　The　middle　Miocene　basaltic　rocks　are　gener－

ally　rich　in　Cr　content（mainly20－320ppm），and

have　a　wide　range　of　Ba　content（60－360ppm）
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Chondrite　normalized　REE　pattems　for　the　middle　Miocene　basaltic　rocks．

are　same　as　those　in　TsucHIYA（1988b）．

Sample　numbers

（TsucHIYA，1988b）．The　basaltic　rocks　of　the

Daijima－Nishikurosawa　stage　show　spatial　varia－

tions　in　trace　elements，particularly　the　basaltic

rocks　from　the　inland　S　area　are　fairly　rich　in　Ba，

Sr，Hf，Ta　and　light　rare　earth　elements（LREE）

（TsucHIYA，1988b）。

5．3．l　Examination　in　terms　of　diagram

　In　order　to　reveal　the　origin　and　tectonic　set－

ting　ofthebasaltic　rocks，four　diagrams　ofincom－

patible　elements　are　introduced　as　follows．

Cho擁痂6ηo槻α1如4ノ～EE加舵7ηs（MAsuDAα

α1．，1973）：In　this　diagram，the　middle　Miocene

basaltic　rocks　show　nearly　linear　pattems　with

slight　enrichment　of　LREE（Fig．14）．However，

moderate　enrichment　of　LREE　is　noted　in　the

basaltic　rocks　o｛the　Dailima－Nishikurosawa

stage　fromthe　inland　S　area．The　basaltic　rocks

from　the　inland　S　area　have　the　highest　La／Yb

ratio（TsucHIYA，1988b）．

　In　the　Quatemary　volcanic　rocks　of　the　NE

Japan　arc，LREE　contents　and　La／Yb　ratios

increase　toward　back－arc　side（westward）from

the　present　volcanic　front（FuJIMAKI　and　KuRA．

sAwA，1980）．To　the　contrary，the　spatial　varia－

tion　in　the　REE　pattem　and　La／Yb　ratio　of　the

basaltic　rocks　from　the　southem　part　ofthe　study

area　shows　an　opposite　sense　to　that　of　the

Quaternary　volcanic　rocks．　EBIHARA6れzl．
（1984）also　recognized　that　the　Tertiary　volcanic
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rocks　of　the　NE　Japan　arc　do　not　show　system－

atic　increment　of　La／Yb　ratio　toward　the　back－

arc　side．

η一乃401～B％07脚1漉4釦∫卿％げ伽o卯α励」6
616ηz6ア鉱s　（PEARcE，1982〉：Island　arc　basalts　are

mostly　rich　in　large　ion　lithophile（LIL）elements

such　as　K，Sr，Ba　and　Th，and　poor　in　high　field

strength（HFS）elements　such　as　Ti，Nb，Hf，and

Ta，compared　with　MORB．The　source　mantle
of　island　arc　basalt　is　enriched　in　LIL　elements

which　may　have　derived　from　subduction　zone．

In　this　normalized　diagram（Fig．15），island　arc

basalts　are　chαracteristically　depleted　in　Ta

（Nb）compared　with　LIL　elements．In　contrast，

transitional　MORB　andwithin　platebasalt　do　not

show　depletion　of　Ta（Nb）in　the　normalized

pa主tem，and　both　basalts　commonly　observed　in

continental　rift　and　back－arc　basin　（PEARcE，

1983；WILsoN，1989）．

　The　middle　Miocene　basaltic　rocks　are　rich　in

incompatible　elements　compared　with　n－MORB，

and　mostly　show　smooth　slopes　from　Ba　to　Yb　in

the　n－MORB　normalized　pattems（Fig。15）。

The　basaltic　rocks　of　the　Daijima－Nishikuro－

sawa　stage（10not　show　intensive　depletion　of　Ta．

（Nb），and　show　similar　pattems　to　those　of　tran－

sitional　MORB　or　within　plate　basalt．The　pat－

terns　of　the　basaltic　rocks　are　clearly　distinct　to
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Fig．16 Th／Yb　vs．Ta／Yb　diagrams　for　the　middle　Miocene　basaltic　rocks．The　zone　between　two

parallel　lines　is　the　array　of　basalts　from　the　non－subduction　setting　of　PEARcE（1982）．

those　of　island　arc　volcanic　rocks　and　similar　to

continental　rift　basalt　and　BABB．However，a

part　of　the　rocks　of　the　Japan　Sea　area　and　the

rocks　of　the　Onnagawa　stage　have　slight　deple－

tion　of　Ta　in　the　n－MORB　normalized　pattems

（Fig．15）

Th／yゐ　z7s．ル／yゐ　4宛9名ヒz窺　（PEARcE，1982）：In

this　diagram（Fig．16），MORB　and　within　plate

basalt　are　plotted　mostly　in　an　array　of　non－

subduction　setting．　On　the　other　hand，island　arc

basalt　has　higher　Ta／Th　ratio　as　compared　with

MORB，and　is　plotted　on　the　field　above　the

a「「ay。

　The　basaltic　rocks　of　the　Daijima－Nishikuro－

sawa　stage　are　plotted　on　and　around　the　non－

subduction　setting　array　（Fig．16）．　Therefore，
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Th Ta

Th－Hf／3－Ta　discrimination　diagram（WooDε砲乙，1979）for　the　middle　Miocene　basaltic

rocks．Field　of　a：normal　type　MORB，B：enriched　type　MORB，c　l　within　plate　basalts，d　l

volcanic　arc　basalts．

the　middle　Miocene　basaltic　rocks　have　a　similar

feature　to　basalts　in　non　subduction　setting，such

as　MORB　and　within　plate　basalt．The　basaltic

rocks　of　the　Onnagawa　stage　apparently　are

Plotted　on　the　field　above　the　array（Fig．16）．

Tα一研／3－丁裾づ卿㈱（WooDε副．，1979）lInthis

diagram（Fig．17），basaltic　rocks　of　the　Daijima－

Nishikurosawa　stage　are　plotted　mainly　in　the

field　of　enriched（transitiona1）MORB　and　within

plate　basalt，whereas　those　of　the　Onnagawa

stage　are　plotted　in　the　field　of　volcanic　arc

basalts．

are　plotted　mainly　in　the　field　of　enriched　MORB

and　within　plate　basalts　in　the　Ta－Hf／3－Th　dia－

gram。

　Based　on　the　petrochemical　features　in　these

diagrams，the　basaltic　rocks　of　the　Daijima－

Nishikurosawa　sta．ge　are　quite　similar　to　BABB．

The　basaltic　rocks　of　the　Onnagawa　stage，how－

ever，partly　have　features　of　island　arc　basalt　in

the　n－MORB　normalized　pattem，Th／Yb　vs．Ta／

Yb　diagram　and　Ta－Hf／3－Th　diagram．

6．　Disc胆ss員o恥

　5．3．2　Geochemical　features　and　tectonic　set－

　　　　　　　ting

　The　basaltic　rocks　of　the　Da童jima－Nishi－

kurosawa　stage　ha．ve　different　features　in　trace

element　composition　from　the　Quatemary　vo1－

canic　rocks　of　the　NE　Japan　arc，as　summarized

as　follows　l1）the　basaltic　rocks　are　rich　in　Cr

content，2）the　light　REE　content　and　La／Yb　ratio

do　not　increase　toward　back－arc．side　（west－

ward），3）the　n－MORB　normalized　pattem　is

akin　to　that　oftransitional　MORB　or　withinplate

basalt，4）　the　rocks　are　plotted　mainly　in　and

around　the　array　of　non－subduction　setting　in　the

Th／Yb　vs。Ta／Yb　diagram．5）The　basaltic　rocks

　On　the　basis　of　the　geological　and　petro－

chemical　data，the　middle　Miocene　basaltic　mag－

matism　and　tectonic　events　are　summarized　and

reconstructed．A　rifting　model　of　the　basaltic

magmatism　in　the　NE　Japan　arc　is　proposed　in

relation　to　the　formation　of　the　marginal　sea

（Japan　Sea）．

6．1M鍵g燃t量灘亘髄．t恥eriftz膿eon恥eo韻
　　　　貸e且岨

6．1．l　Geotectonic　and　petrochemical　features

　　　　　of　the　magmatism

During　early　middle　Miocene　time（Daijima一
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Nishikurosawa　stage），voluminous　basaltic　rocks

empted　from　dike　swarm　to　form　submarine

volcanoes　in　the　rift　zone　of　the　Akita－Yamagata

oil　field　under　the　extensional　tectonic　condition．

　　The　rift　zone　has　rifting　axes　which　can　be

recognized　from　the　basaltic　dike　swarm　and

normal　faults　of　NNE－SSW　to　NE－SW　trend．

The　dike　swarm　in　the　Aosawa　Formation　intmd－

ed　into　open　cracks　and　may　represent　a　rifting

axis。The　dike　swarm　was　conduits　through

which　eruptions　occurred　to　form　submarine

volcanoes　in　the　Taiheizan　and　Aosawa　districts

（Figs．6and7）．　Thus，an　array　of　the　higher

parts　of　the　volcanoes　pre＄umably　represents　the

trend　of　rifting　axes．

　　In　the　rift　zone，as　shown　in　lithofacies　map

（Fig．4），the　basaltic　rocks　were　distributed

mainly　along　NNE－SSW　direction．From　the

subsurface　geological　data　provided　by　the　deep

wells（e．g．IKEBE，1962；INouE，1962；OzAwA6渉

α1．，1989），it　was　confirmed　thatthe　basaltic　rocks

built　several　topographic　ridges　of　N－S　to　NW－

SE　trend．The　topographic　ridges　may　represent

the　trend　of　rifting　axes　through　which　the

basaltic　magmatism　occurred．Thus，the　rifting

axes　in　the　oil　field　trend　mainly　NNE－SSW　to

NE－SW　and　the　rift　zone　widened　inthe　WNW－

ESE　to　NW－SE　direction．The　distribution　and

trend　of　the　rifting　axesαre　shown　in　Fig．18．

　As　the　rifting　axes　are　oblique　to　the　N－S

elongation　of　the　oil　field　basin　and　are　arranged

en　echelon，the　basin　may　have　rifted　obliquely

（Fig．18）as　in　the　case　of　the　Gulf　of　Califomia，

westem　North　America　（e．g．LoNsDALE　and

LAWVER，1980）．

　　The　basaltic　rocks　in　the　rift　zone　have　similar

composition　throughout　the　oil　field．The

basaltic　rocks　are　akin　to　BABB　in　major　and

trace　element　chemistry，and　may　have　formed

possibly　in　a　tectonic　setting’of　back－arc　basin．

　6．1．2　Temporal　change　in　magmatism

　The　basaltic　magmatism　of　the　early　middle

Miocene　age　in　the　rift　zone　decreased　and　chan－

ged　its　activity　from　extmsive　to　intmsive　until

late　middle　Miocene　time（Onnagawa　stage）．

The　basaltic　rocks　did　not　change　their　malor

element　chemistry　throughout　middle　Miocene

time。However，their　trace　element　chemistry

was　slightly　changed　toward　the　island　arc　type

until　late　middle　Miocene　time．

　　6．2　　Geotecto醜ic　eve醜ts　我賦〔五　贈agm縄tis膿l　i聰

　　　　　　t恥e　s聡rro髄髄岨i醜9＆reas

　　Inthesurroundingareas（JapanSea，inlandN
and　inland　s　a士eas），characteristic　bimodal　mag一

，matism　took　place　in　early　middle　Miocene　time

on　land．and　shallow　water　bottom，producing　a

large　amount　of　acid　volcanic　rocks　and　a　small

amomt　of　basalts．During　this　magmatism，the

grabens　and　normal　faults　were　developed　in

NNE－SSW　to　NE－SW　trends　which　are　nearly

parallel　to　the　rifting　axes　ofthe　rift　zone．　Both

grabens　and　normal　faults　may　represent　exten－

sional　tectonic　movement　at　the　time　of　rifting．

Toward　late　middle　Miocene　time，the　bimodaI

magmatism』declined　and　was　followed　by

regional　subsidence．

　　In　the　Japan　Sea　area，The　basaltic　rocks

consist　mainly　of　LT，and　are　accompanied　with

HA　and　CT．The　basaltic　rocks　generally　show

features　of　BABB　in　trace　element　chemistry，but

a　part　of　them　show　features　of　island　arc　basalt

（Fig．17）．

　　In　the　inland　N　area，the　basaltic　rocks　are

made　up　of　LT，and　their　malor　element　composi－

tion　are　similar　to　island　arc　tholeiite（Table2）．

However，their　trace　element　chemistry　is　rather

similar　to　BABB．

　　In　the　inland　S　area，the　basaltic　rocks　are

mainly　comprised　in　the　HA　series，and　have　high

contents　of　TiO2and　K20compared　with　those　in

other　areas（Table2）．The　basaltic　rocks　are

rich　in　incompatib1“elements．These　features　of

major　and　trace　elements　show　a　similarity　to

those　of　within　plate　basalt．

　6・3　S互》a色ia且　v＆riatio聾　o歪　the　めasa旦tic　mag回

　　　　　matism

　The　middle　Miocene　magmatism　yielded　the

voluminous　basaltic　rocks　in　the　oil　field　and

bimodal　volcanic　products　in　the　surrounding

areas。This　spatial　variation　in　magmatism

seems　to　be　similar　to　that　ofcontinental　rift　such
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Fig．18 Distribution　ofthick　basaltic　rocks　and　regional　tectonic　features　in　early　middle　Miocene　agein

the　Akita－Yamagata　oil　field　and　surrounding　areas，back－arc　region　of　the　NE　Japan　arc．

as　the　Rio　Grande　rift（AoKI，19671LIPMAN＆nd

MEHNART，1979），although　it　may　be　discriminat－

ed　in　some　point　of　petrochemistry　as　discussed

below．

　In　and　around　the　Rio　Grande　rift，the　basaltic

rocks　show　symmetric　spatial　variation　in　petro－

chemistry，i．e．tholeiitic　basalts　of　BABB　type

were　emplaced　in　the　axial　area，while　alkalic

basalts　erupted　in　the　surrounding　areas．

　The　spatial　variation　in　petrochemistry　of　the

bαsaltic　rocks　in　and　around　the　oil　field　differs

from　that　of　the　Rio　Grande　rift．The　basaltic

rocks　from　the　rift　zone　of　the　oil　field　h＆ve

affinities　to　BABB　in　major　and　trace　element

chemistry，whereas　those　from　the　surrounding

areas　show　a　similarity　in　major　chemistry　to
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island　arc　basalt　and　alkali　basalt．Judging　from

this　spatial　variation，the　basaltic　magmatism

occurred　mainly圭n　the　rift　zone　under　an　influ－

ence　of　volcanic　arc　magmatism　of　middle

Miocene　age　in　the　NE　Japan　arc．

　6．4Amo雌e且oftheb＆s＆盈t豊cmagm就五sm

　On　the　basis　of　the　present　study（Figs．9and

18）　and　previous　paleogeographic　studies　of　the

NE　Japan　arc（AMANo，19821KITAzATo，19831
SATo，1986），the　geotectonic　features　in　the　early

middle　Miocene　of　the　central　part　of　the　NE

Japan　arc　including　the　oil　field　and　surrounding

areas　are　illustrated　in　a　schematic　block　dia－

gram（Fig。19）．

　During　early　m1ddle　Miocene　time，a　volcanlc

front　was　located　poss量bly　along　the　westem

margin　of　the　Kitakami　Mountains，30km　to　the

east　of　the　Quatemary　volcanic　front（ToGAsHI，

198310HGucHI6！α1．，1989）．　The　central　part　of

the　voluminous　basaltic　magmatism　of　the　oi1

field　was　located100km　back－arc　side　from　the

possible　volcanic　front　of　middle　Miocene　age．

　In　the　oil　field，the　rift　zone　has　several　rifting

axes　of　NNE－SSW　to　NE－SW　trend　and　spread

obliquely　to　the　rifting　zone　during　early　middle

Miocene　time．The　voluminous　basaltic　rocks

extruded　from　the　dike　swarm　to　form　volcanoes

along　the　rifting　axes，and　intercalates　the　mud－

StOnelayerS．

　　On　both　sides　of　the　oil　field，bimodal　vol－

canism　took　place　extensively　producing　a　large

amount　of　acid　volcanic　rocks　and　a　subordinate

amount　of　basalt．Grabens　and　normal　faults　of

NE－SW　trend　were　formed　during　the　mag・

matism．

　　Along　the　Ou　backbone　range，on　the　east　of

the　inland　area，acid　volcanism　occurred　to　accu・

mulate　thick　piles　of　lava　and　volcaniclastic

rocks．Related　with　the　acid　volcanism，normal

faulting　and　tilting　occurred　in　the　Ou　backbone

range　and　the　inland　area（AMANo，1982）（Fig．

τ
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Fig．19 A　block　diagram　showing　the　magmatism　and　tectonic　features　in　early　middle　Miocene　age

in　the　central　part　of　the　NE　Japan　arc　including　the　ri£t　zone　ofthe　Akita－Yamagαta　oil　field．
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　6．5Re且atio鵬hiμoJ躍anSeas夢re＆面9
　The　rifting　event　of　the　Akita－Yamagata　oil

field　may　have　occurred　contemporaneously　with

hypothetical　Japan　Sea　spreading．　Recent

paleomagnetic　studies　suggested　that　the　Japan

Sea　started　to　spread　rapidly　in　early　middle

Miocene　time（OToFuJI6厩1．，19851TosHA　and

HAMANO，1988）．

　In　the　Japan　Sea，two　main　spreading　basins

（viz．Japan　basin　and　Yamato　basin）and　several

failed　rifts　are　recognized（TAMAKI，1988）．　The

failed　rifts　are　about40km　wide　and　occur　in　the

peripheral　part　of　the　Japan　Sea　spreading．

Since　the　size　and　situation　of　the　rift　zone　of　the

oil　f孟eld　are　comparable　to　those　of　the　failed

rifts，the　rift　zone　can　be　regarded　as　one　of　failed

rifts　which　were　formed　close　to　the　NE　Japan

arc．It　can　be　said　that　the　basaltic　magmatism

has　occurred　in　this　rift　zone　during　the　time　of

Japan　Sea　spreading（Fig。20）．

　6．6．1Features　of　the　early　middle　Miocene

　　　　　　basaltic　magma

　The　basaltic　magma　of　early　middle　Miocene

age（Daijima－Nishikurosawa　stage）was　prob－

ably　derived　from　a　source　mantle　of　BABB　type

without　extensive　differentiation。Based　on　the

isotopic　investigations　on　Tertiary　volcanic　rocks

of　the　NE　Japan　arc，KuRAsAwA　and　KoNDA
（1986）showed　that　the　source　mantle　must　have

been　emplaced　beneath　the　back－arc　region　of　the

NE　Japan　arc　until　early　middle　Miocene　time．

NoHDA　切ごzl．　（1988）　also　suggested　that　the

asthenosphere　in3ected　into　the　back　arc　side　of

the　NE　Japan　arc　at　the　time　ofJapan　Sea　spread－

ing．

　Although，the　basaltic　rocks　are　considered　to

have　been　derived　from　source　mantle　of　BABB

type，they　partlyF　have　a　petrochemical　affinity　to

island　arc　basalt．This　evidence　may　be　inter－

preted　in　terms　of　slight　metasomatism　of　LIL

EarlyMiddle　Miocene
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Fig，20　A　model　of　the　rifting　of　the　Akita－Yamagata　oil　field　related　to　spreading　of　the　Japan　Sea．
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elements　from　a　subduction　zone．Altematively，

contamination　of　the　basaltic　magma　by　cmstar

material　might　be　another　possible　explanation．

However，the　basaltic　rocks　scarcely　show　petro－

graphical　evidence　suggesting　contamination　of

magma，such　as　the　presence　of　xenoliths　and

corroded　quartz．Therefore，crustal　contamina．

tion　may　not　be　valid　for　the　origin　for　the

basaltic　rocks．　Conclusively，　the　basaltic

magma　was　derived　from　the　source　mantle　of

BABB　type　which　has　been　slightly　affected　by

subduction　components．

6．6．2　Temporal　change　in　composition　of

　　　　　SOurCe　mantle

　The　basaltic　magma　of　late　middle　Miocene

age（Onnagawa　stage）may　have　been　derived

from　the　mantle　which　was　more　enriched　in　LIL

elements（or　depleted　in　HFS　elements）than

those　of　early　middle　Miocene　age．This　tempo－

ral　change　incompatible　elements　can　be　inter－

preted　as　due　to　increase　in　the　LIL　element

contribution　to　the　source　mantle　during　middle

Miocene　age．Such　petrochemical　change　has

also　been　recognized　in　Tertiary　volcanic　rocks

in　southwest　Hokkaido　（OKAMuRA，1987）and

north　Honshu（YosHIDAαα1．，1986）．

　In　short，the　magma　fed　the　basaltic　rocks　may

have　been　generated　in　the　BABB　type　mantle

possibly　with　increase　in　mantle　metasomatism

by　subduction　components　with　time．

7．C磯e瞼s量o醜

　Middle　Miocene　basaltic　rocks　in　the　Akita－

Yamagata　oil　field　and　surrounding　areas（Japan

Sea，inland　N，and　inland　S　areas）in　the　back－

arc　region　of　the　NE　Japan　arc　were　studied　with

respect　to　their　distribution，mode　of　occurrence，

and　petrochemical　characteristics．The　relation

to　rifting　of　the　back－arc　region　was　also　consid・

ered．

　　The　basaltic　magmatism　took　place　in　the　oil

field　and　surrounding　areas　which　were　subsiding

due　to　the　rifting　under　the　tensional　tectonic

environment．The　basaltic　magmatismyielded　a

large　amount　of　submarine　extrusive　rocks　in　the

rift　zone　of　the　oil　field，whereas　bimodal　mag－

matism　produced　a　lesser　amount　of　extrusive

rocks　in　the　surromding　areas．Major
geotectonic　features　of　the　oil　field　and　sur－

rounding　areas　are　similar　to　those　of　continental

rift．The　major　features　are　summarized　as　fo1－

10ws：

　　1）　In　the　rift　zone　of　the　oil　field，the　basaltic

rocks　are　distributed　in　a　zone　of200km　in　N－S

length　and30－40km　in　E－W　width　with　a　thick－

ness　more　than1，000m．Their　estimated　volume

（several　thousand　km3）exceeds　that　of　Quater－

nary　volcanic　rocks　in　the　NE　Japan　arc。

　　During　early　middle　Miocene　time（Daijima－

Nishikurosawa　stage），the　basaltic　rocks　were

empted　from　NNE－SSW　and　NE－SW　trending

feeder　dikes　to　construct　submarine　volcanoes，

and　intercalated　with　argillaceous　sediments　of

deep　marine（bathya1）origin．Dolerite　si11s　and

laccoliths　are　emplaced　mainly　in　the　sediments．

The　feeder　dikes　and　normal　faults　in　the　rift

zone　indicate　tensional　tectonic　movements．In－

ferred　rifting　axes　of　NNE－SSW　to　NE－SW

trend　are　oblique　to　the　N－S　elongation　of　the　rift

zone。

　　During　late　middle　Miocene　time（Omagawa

stage），the　basaltic　magmatism　declined　and　the

marine　sediments　overlay　thickly　on　the　basalt

volcanoes，and　then，the　mode　of　magmatism

shifted　from　emptive　to　intmsive　activity．

　　2）　In　the　surrounding　areas（Japan　Sea，inland

N　and　inlan（1S　areas），the　bimodal　volcanism　of

middle　Miocene　age　yielded　voluminous　acid

volcaniclastic　rocks　and　a　small　amomt　ofbasalt

lava．This　volcanism　in　these　are3s　took　place

chiefly　on　land　and　shallow　water　bottom．The

surrounding　areas　were　also　affected　by　exten－

sional　tectonic　movements．Grabens　and　normal

faults　were　formed　during　early　and　middle

Miocene　time．

　　3）The　early　middle　Miocene　basaltic　rocks

from　the　rift　zone　of　the　oil　field（LT　and　HA

series）　have　affinities　to　back－arc　basin　basalt

（BABB）in　major　and　trace　element　chemistry．

Whereas，basaltic　rocks　in　the　surrounding　areas

partly　show　a　similarity　to　island　arc　basalt．

From　the　spatial　variation　in　petrochemistry，the
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basaltic　rocks　was　derived　from　a　source　mantle

of　BABB　type　with　slight　metasomatism　by　sub－

duction　components，

　　The　late　middle　Miocene　basaltic　rocks　show　a

slight　change　toward　island　arc　basalt　in　trace

element　chemistry．This　temporal　change　in

petrochemistry　may　be　interpreted　to　increasing

contribution　of　mantle　metasomatism　by　subduc－

tion　components　to　the　generation　of　the　basaltic

magma・

　　4）The　rift　zone　may　represent　one　of　the

failed　rifts　which　developed　in　the　peripheral　part

of　the　spreading　Japan　Sea．The　basaltic　mag－

matism　occurred　in　this　rift　during　the　time　of

Japan　Sea　spreading．
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東北日本弧の中新世中期における玄武岩の背弧リフト火成活動

土谷信之

要　　旨

　最近の古地磁気学的研究によると，日本列島は中新世中期の日本海拡大によってアジア大陸から分離

し，島弧として成立したと推定されている．この時期に東北日本背弧地域の秋田一山形油田地帯では著

しい玄武岩火成活動が起こり，その周縁地域では流紋岩一デイサイトと玄武岩とのバイモーダル火山活

動が行われた。

　秋田一山形油田地帯の中新世中期玄武岩は南北200km，東西30－40kmにわたって分布し，その総体

積（数千km3）は第四紀東北日本弧の火山岩の総噴出量をはるかに上回る．油田地帯の玄武岩は中新

世中期前半（台島一西黒沢期）に多数のフィーダーから断続的に噴出し，漸深海域の泥質堆積物を挟み

ながら海底火山体を形成して当時の油田地帯の海盆に厚く累積した．玄武岩火成活動は中新世中期後半

（女川期）に向けて弱まり，海底火山体は泥質堆積物に覆われた．このとき玄武岩マグマは未固結の泥

質堆積物を貫いて多数のドレライトのシルやラコリスを形成した．中新世中期の玄武岩主体の火成活動

と堆積作用によって油田地帯には玄武岩の噴出岩と貫入岩，海成泥岩及び少量の酸性一中性の火山岩が

複雑に累積した地質体が形成された．

　秋田一山形油田地帯の周縁地域では，中新世前一中期にグラーベンや正断層が形成され，同時に玄武岩

と流紋岩一デイサイトのバイモーダノレ火山活動（今田，1974）が陸上ないし浅海底で行われた．このバ

イモーダル火山活動は中新世中期後半には衰退し，周縁地域も海成層の堆積場となった．

　油田地帯とその周縁地域の中新世中期火成活動及び構造運動の諸特徴は大陸リフト地域が背弧拡大地

域の特徴と類似点が多く，中新世中期玄武岩類が広域的な引張テクトニクス下で形成されたことを示唆

している，すなわち油田地帯とその周縁地域では中新世中期にリフティングが起こり，油田地帯にリフ

トゾーンが形成され，その中で著しい玄武岩の火成活動が行われたらしい．

　中新世中期玄武岩類は主としてかなり未分化なソレアイト玄武岩からなり，そのTiO、組成は那須火

山帯のソレアイトと中央海嶺玄武岩（MORB）との中間的組成を示す．その微量元素組成は，MORB

に比べてインコンパティブル元素全体に富み，漸移MORBやプレート内玄武岩と類似した特徴を持っ

ている．しかし，この玄武岩類は部分的に島弧ソレアイトに類似した岩石も含み，沈み込み帯起源の元

素の影響下で火成活動を行ったことを示唆する．このような岩石学的特徴からみて中新世中期玄武岩類

は背弧海盆玄武岩に類似し，arc　volcanismの活動場付近でリフト火成活動を行ったと解釈できよう．

　秋田一山形油田地帯付近の中期中新統に認められる玄武岩岩脈，正断層及びグラーベンはいずれもほ

ぼ北東一南西方向を示し，油田地帯のリフトゾーンがその南北長軸方向に対して斜めに拡大したことを

示す．また，このリフトゾーンは日本海拡大の主要拡大軸から周辺部にあって，日本海海底に見いださ

れたいくつかのfailed　riftとほぼ同じ規模を持っている．以上のことから推察すると，油田地帯のリフ

トゾーンは日本海東縁部に生じたfailed　riftであったらしい．

（受付：1990年1月30日；受理：1990年5月11日）
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