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Abstract

Thispaperrepo｢tstheigneouspetrologyandmineralchemistryofperidotiteand/ｏｒ

coexistinggabbroicimpregnationsofthefourperidotitecomplexes，theOchiai-Hokubo

peridotitecomplex，Horomanperidotitecomplex，HessDeepandMohotransitionzoneof

Omanophiolite,tounderstandthemantleigneousprosesseslconcludedthatthecomplexes

wereproducedbytwocontrastingmeltingandcrystallizationprocessesduringmelt

transportintheuppermantlｅＴｈｅｆｉｒｓｔｐｒｏｃｅｓｓｉｓｍｅｌｔｉｎｇａｎｄｍeltextractionwhichforms

thesimpleresidualperidotitesThesecondprocessistheinteractionbetweenmoreprimitive

meltandperidotitesoftheuppermostmantlewhicbproducestheplutoniｃｒｏｃｋｓｗｉｔｈ

ﾒunusualモchemicalfeaturesltisconsideredthatthemelt/mantleinteractionisessentialto

understandtheoriginofthebasalticmagmaandresidualplutonicrocksaftermeltmigration，

becausetheinteractionprocessca、extremeIymodifytheprimitivemeltbypartialmeltingof

peridotiteintoメunusualモmeltenrichedwithbothCrandsomeincompatibleelements(ｅｇ，

Ti,Ｎａ,Ｈ２０),andmakestrangeplutonicrocks．

Introduction

ThechemicalcompositionofmagmawhicheruptsattheEarthﾕssurfacediffersto

variousextenｔｆｒｏｍｔｈａｔｏｆｔｈｅｐｒｉｍａｒｙｍｅｌｔ・Thefourperidotitecomplexes，theOchiai-

Hokuboperidotitecomplex，Horomanperidotitecomplex，HessDeepperidotitesand

coexistinggabbros，MohotransiｔｉｏｎｚｏｎｅｏｆＯｍａｎｏｐｈｉｏｌｉｔｅａｒｅｃｏｍｐaredwithoneanother，

tounderstandthediversityofmeltingandmeltmigrationprocessesintheuppermantleThe

purposeofthispaperistopresentthedescriptionoftheoccuITenceoftherocks(peridotites

and/orcoexistinggabbros）inthefourperidotitecomplexes，andtodemonstratesome

examplesofmelt/mantleinteraction・Iespeciallydiscussthepetrographicaldiversityof

reactionproductsandsignificanceofmelt/mantleinteraction．
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HoroInanperidotitecomplex

TheHoromancomplex，theHidakaZone，Hokkaido，mainlyconsistsofplagioclase

lherzolite，spinellherzolite，spinelharzburgite，duniteandwehrliteManystudieshavebeen

doneonthiscomplex（ｅｇ，Niida，1984；ObataandNagahara；Takahashi，1991,1992；

Takazawaetal，1992；OzawaandTakahashi，1995)．Thecomplexhasawelldeveloped

compositionallayeringwhichismadeupofharzburgite-lherzoliteanddunite-wehrlite，

Harzburgiteandlherzolitehavetheporphyroclastictexture，andthemineralsusuallyhave

textuｒｅｓｏｆｄｅｆｏｒｍａｔｉｏｎｓｕｃｈａｓｗａｖｙｅｘｔｉｎｃｔｉｏｎａｎｄｋｉｎｋｂａｎｄｌｎｔｈｅｈａｒｚｂｕｒgiteand

lherzolite,Ｃｒ＃(=Cr/(C｢＋Ａ１)atomicratio)ofspinelwidelyvaries,ｆｒｏｍＯＯ８ｔｏＯ６８ＴｈｅＣｒ＃

ofspinelrapidlyincreaseswithanincreaseofFocontentofcoexistingolivine(ｆｒｏｍ８８８ｔｏ

９２８).TheTicontentofspinelandclinopyroxeneislow(ＴｉＯ２〈0.3wt％)．ＴｈｅＣｐｘ/(Cpx＋

Opx）ratiorapidlydecreaseswithanincreaseofCr＃ofspineLandisaroundO1when

Cr#＝Ｏ５ａｎｄｉｓａｌｍｏｓｔｎｉｌｗｈｅｎＣｒ＃〉０６．TheHoromanharzburgiteandlherzoliteissimilar

toordinarymantleperidotite(ｅｇ,DickandBullen,1984;Arai,1994)ontexture,modaland

chemicalcompositions．

Ochiai-Hokuboperidotitecomplex

TheOchiai-Hokubocomplex,theSangunzone，southwestJapan，issimilartoHoroman

complexinpetrography，buthavesomeimportantdifferences、TheOchiai-Hokubocomplex

mainlyconsistsofspinellherzolite，spinelharzburgite，duniteandwehrlite，whichshow

alternationofharzburgite-1herzoliteanddunite-wehrlitelnharzburgite-lherzolite，Ｃｒ＃ｏｆ

ｓｐｉｎｅｌｖａｒｉｅｓｉｎｔｈｅｓａｍｅｗａｙａｓＨｏroman，ｆｒｏｍ０．１５ｔｏ０．７８．Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，other

mineralchemistryisdifferentbetweenthetwocomplexes、IntheOchiai-Hokubo

harzburgitelherzolite,Focontentofolivine(mostly88-90)isnotcorrelatedwiththeCr＃of

spineLandTicontentofspineIandclinopyroxeneishigherinrockswithCr-richspinelthan

lhe｢zolitewithCr-pooroneCr-richspinel(Cr#>０５)coexistswithrelativelycoarsediopside

(ｕｐｔｏｌｍｍａｃｒｏｓｓ)．TheseobservationsindicatethattheOchiai-Hokuboharzburgite‐

Iherzoliteisdifferentfromordinarymantleperidotite・Ｉｎｏｔｈｅｒｗｏｒｄｓ，メunusualモCr-rich

lherzolite（withCr-richspinelandcoarsediopside）existsinthiscomplex・TheCr-poor

lherzoliteistheonlyrockthathasordinarytexture，modalandchemicalcompositionsofthe

mantleintheOchiai-Hokubocomplex．

HesSDeep

HessDeepislocatedjusttotheeastofEastPacificRiseandonthewesterntipof

NazcaCocosspreadingcenter（e､９，Gillis，Ｍ思e１，ＡⅡａｎｅｔａｌ，1993)．Variousultramafic-

maficpltonicrocks，spinelharzburgite，dunite，ｔｒｏｃｔｏｌｉｔｅａｎｄｏｌＭｎｅｇａｂｂｒｏｗｅｒｅｄｒｉｌ１ｅｄａｔ

ＨｅｓｓＤｅｅｐｄｕｒｉｎｇＯＤＰＬｅｇ１４７．Olivinegabbroandtroctolitearefrequentlyaccompaniedby

duniteinharzburgiteThefeldspathicrocksareveryheterogeneous：thelithologyfrequently

changesfromolivinegabbrotodunitethroughtroctolitewithgradualcontactsinsmall

distance・ThisrelationshipsuggeststhattroctoliteandolMnegabbroaresimilartoso-called

indigenousdikewithdepletionaureolewithinharzburgiteinsomeophiolites(seebelow;ｅ9.,

Nicolasl989)．HarzburgitehasweakporphyroclastictextureFeldspathicrocksare

composedofolivine，plagioclase，clinopyroxeneandchromianspinel・Olivineiscoarseand

roundedinshapeandoftenshowsdeformationtextureP1agioclaseandclinopyroxeneａｒｅ
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anhedralandinterstitialtoolivinegramAmini-podofchromitite（about2x3xlOcm)was

foundinduniteNumerousmineralinclusions，whichconsistafewgrainsofdiopside，

enstatite,jadeitenepheline,albite,pargasite,K-andNa-phlogopitesandolivine,arefound

inspinelinthechromititｅａｎｄｉｎｔｒｏｃｔｏ１ｉｔｅ，HarzburgitehasolivinewithFo＝９１～９１．５and

spinelwithCr＃=０．５～０．６，ＴｉＯ２〈Ｏ３ｗｔ％，belongingtomostrefractorygroupoftheordinary

abyssalperidotitefromuppermantleThedunite-troctolite-olivinegabbroarecharacterized

byenigmaticchemicalvariationsofclinopyroxeneandspinel（Figl)．TiO2contentof

clinopyroxene，ｗｈｉｃｈｉｓｏｎｅｏｆｉｎｃｏｍｐａｔｉｂｌｅｃｏｍｐｏｎents，rapidlyincreases，ｆｒｏｍＯ２ｔｏ２

ｗｔ％，whileMg＃（=Ｍｇ/(Ｍｇ＋Fe2+）atomicratio）andCr203contentremainrelatively

constant，about０．９ａｎｄｌ２ｗｔ％respectively・Ｓｐｉｎelisa1sohighlyvariableinTiO2，ｆｒｏｍＯ４

ｔｏ２８ｗｔ％，whileCr＃isconstantorslight1yincrease、Theserocks，enrichedbothinsome

incompatibleelementssuchasTLNaandincompatibleelementssuchasCrandMg,are

ﾒunusualモandquitedifferentfromthechemicaltrendsexpectedforcumulate(e8.,Atkins，

1969)andmantleperidotite(seeabove,Horomanharzburgite-lherzolite)．

ＭｏｈｏｔｒａｎｓｉｔｉｏｎｚｏｎｅｏｆＯｍａｎｏｐｈｉｏｌｉｔｅ

ＴｈｅＯｍａｎｏｐｈｉｏｌｉｔｅｈａｓｂｅｅｎｋｎｏｗｎａｓｏｎｅｏｆｔｈｅｂｅｓｔｅｘｐｏｓｅｄｐａｌｅｏ－ｏｃeanic

crustmantleslices（ｅｇ，Colemanl977；Nicolas，１９８９)LithologyoftheMohotransition

zone（MTZ）ofOmanophioliteishighlyvariableTheMTZsatWadiHiltiandWadiFizh

consistofharzburgite，duniteandimpregnationsofolivinegabbroandtroctoliteOnthe

otherｈａｎｄ，ｔｈｅＭＴＺａｔＷａｄｉＦａｒｆａｒｍａｉｎｌｙｃｏｎｓｉｓtsofthickduniteandharzburgite，and

feldspathicrocksarealmostabsem

lntheMTZatWadiHiltLthedunite-troctolite-olivinegabbrosuiteinharzburgiteisvery

similarinpetrographytｏＨｅｓｓＤｅｅｐｒｏｃｋｓｅｘｃｅｐｔｆｏｒｔｈｅａｂｕｎdanceoforthopyroxeneThe

feldspathicrocksareveryheterogeneous:thelitologygraduallychangesfromolivinegabbro

throughtroctolitetodUniteTroctoliteandolivinegabbrosometimesexistasnetworkof

irregularsillsanｄｄｉｋｅｓｗｉｔｈｄｕｎｉｔｅａｕｒｅｏｌｅ､ＴｈｅｒｏｃｋｓｆｒｏｍｔｈｅＭＴＺｏｆＷａｄｉＨｉｌｔiisalsovery

similarinmineralchemistrytoHessDeep、HarzburgitehasolivinewithFo＝９０２～９１．５and

spinelwithCr#＝０．５４～０．６，ＴｉＯ２〈０．５Ｗt％、Inthedunite-troctolite-olivinegabbrosuite，TiO2

contentsofspinelandclinopyroxenechangefromO2to20wt％ａｎｄｆｒｏｍＯｔｏｌＯｗｔ％,while

thecontentorratioofcompatibleelementsareratherconstantTheseobservationssuggest

thattherockｓｆｒｏｍｔｈｅＭＴＺａｔＷａｄｉＨｉｌｔｉｈａｖｅｔｈｅｓａｍｅｏｒｉｇｉｎａｓｔｈｅＨｅｓｓＤｅｅｐｒｏｃｋｓ．

DiScussionandconclusion

ThelherzoliteandharzburgiteintheHoromancomplexaresimpleresidualperidotite

whichwereformedbymeltingandmeltextraction(Takahashi,1992)Ontheotherhand,the

texture，mineralchemistryandmodalcompositionsofCr-richlherzoliteinOchiai-Hokubo

complex，anddunite-troctolite-olivinegａｂｂｒｏｃｏｍｐｌｅｘｅｓｉｎＨｅｓｓＤｅｅｐａｎｄｉｎｔｈｅＭＴＺａｔ

ＷａｄｉＨｉｌｔｉ，ｃａｎｂｅｈａｒｄｌｙｅｘｐｌａｉｎｅｄｂｙｂｏｔｈｓｉｍｐlepartialmeltingofmantleperidotiteand

simplecrystalaccumulationfromameltThepetrographicalandchemicalvariationssuggest

thatboththeCr-richlherzoliteandthedunite-troctolite-olivinegabbrocomplexesarethe

productsofinteractionbetweennearlyanhydrous，infiltratingmeltsandwallrockperidotites

atme1tconduitinuppermantleHowever，theinteractionproductofOchiai‐Hokubo

peridotitecomp1exisextremelydifferentfromthoseofHesｓＤｅｅｐａｎｄＷａｄｉＨｉｌｔｉｏｆＯｍａｎ
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ophioliteThedifferencebetweenthesecomplexespossiblyreflectstｈｅｄｉｆｆｅｒｅｎｃｅｓｏｆｔｈｅ

ｗａｌｌｒｏｃｋａｎｄconditionoftheinteractionTheOchiai-Hokuboharzburgite-lherzoliteisdue

tointeractionbetweenthｅｍｅｌｔａｎｄｔｈｅｌｈｅｒｚｏｌｉｔｅａｔｓｐｉｎｅｌｌherzolitestabilityconditions

(about＞８kbre)．Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，themeltsreactedwithharzburgiteatplagioclase

lherzolitestabilityconditions(<８kber)inHessDeepandinMTZofOmanophiolite,because

ofthecoexistenceofplagioclaseandMg-richolivineandoftheevidenceforreactionrelation

betweenorthopyroxeneandmeltinHessDeeptroctolite(AraiandMatsukage，1996).The

unusualmineralchemistryalsocanbeexplainedbytheinteractionprocess､Thecontentand

ratioofcompatib]ｅｅｌｅｍｅｎｔｓｓｕｃｈａｓＣｒａｎｄＭｇ＃werebufferedbythedissolutionof

pyroxene，especiallyorthopyroxeneofwallperidotites，andTienrichmentresultedfroma

kindofpartialzonemeltingasthemeltinfiltrationthroughwallperidotite（Ｆｉｇｌ)．The

melt/mantleinteractionmaybemoreeffectiveinfailedmeltchannel，andproducesthe

strangeplutonicrocksinapparentdisequilibriumwithsimultaneouseffusiverocks．

２０
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学位論文審査結果の要旨

２月３日に最終発表を行い，その後第２回審査委員会を開催した。１月２７日の第１回審査委員会の結

果と合わせ，以下の結論を得た。

本研究は，上部マントル起源物質の多様性の解析をもとに，マントルにおける溶融作用の多様性を議

論したものである。上部マントル起源物質としていくつかの異なった性質を有する固体貫入かんらん

岩体を対象とした。それらは，落合一北房岩体（西南日本)，へス・デイープ（太平洋の海底に露出)，

オマーン・オフィオライトのモホ遷移帯および幌満岩体（北海道）である。松影さんはまず，これら

の野外調査，室内での綿密な解析を通して，共通点，相違点を洗い出した。そしてこれらの共通点は

メルト成分の除去によることを明らかにした。また，相違点はメルトとかんらん岩の反応（メルト／

マントル相互反応）の様態の違いにあるとし，それはメルトの移動速度に大きく依存することを予想

した。これらの成果のうち，海洋底マントルでのメルト／マントル相互反応の重要性を明らかにした

点，およびオフイオライトのモホ遷移帯の岩石学的性質を初めて明らかにした点が特に注目される。

これらの成果のいくつかは，すでに学術誌に公表されている。多くの新事実を次々に明らかにした松

影さんの野外，室内における観察眼の鋭さは特筆すべきものがある。また，論文では詳述されていな

いが，理論的考察にも優れたものがあり，記載結果に重みを与えている。したがって，本論文は博士

(理学）を授与するのに十分な内容を有していると判断できる。
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