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24　　ABSTRACT

25

26　　　　　　We retrinTed samples ofperidotitefrom a dredge haul（KH92－1－D2）collected

27　during Cruise KH92－1undertaken by the research vessel（RJV）月bkuhoin1992at the

28　landward tr飢Ch slope ofthe sou仙月m MarianaTrench（11041．16’N，143029．62’E；dep仇

29　6594－7431m），Whichis the deepest oceanin the world．Tbn of30retrieved samples

30　possessed bo血＿a foliation andlineation，aS aSSeSSedfrom46dlinsec血ons of various

31　0rientations and observa血ons ofhand samples．The samples showed marked variationin

32　microstruCture，rangingfromcoarse（＞5nnt）equigranularandintenselyelongatedtextures

33　tohler（＜1m巾）porphyroclasticandnne一grainedequigranulartextures．Olivinefhbricsalso

34　variedamongthedifferentsamples，With（010）［100］and（010）［001］pattems（termedA－and

35　B－type，reSPeCtively）observedinsampleswithcoarsetexturesandnoclearpatternsobserved

36　insampleswihfinetextures．EvendlOughtheperidotitesampleswereretrinTedfromasingle

37　dredge site，SOme COntainprlmary teCtOnic micros廿uctures and some contain secondary

38　microstruCtureS．Recentbathymetricandtopographicanalysesindicate血atthelithospherein

39　thisreg10nisashinas20km．Suchathinli血ospheremayhavebeenintenselydefbrmed，

40　even perhapsinthe ducble reglme，duringfore－arC eXtenSion；COnSequendy，the observed

41　variationsin micros廿ucture within the peridobte saI叩Ies probably reflect the complex

42　tectonicevolutionof血esouthernMarianareg10n．

43

44　Keywords：mantlewedge，CryStal－Preferredorientation，Olivine，MarianaTrench，Subduction，

45　slabtear，microstruCture，ChallengerDeep
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46　1．Intmduction

47　　　　　　TheMarianaTrenchmarksthelocationatwhichthePacificplatesubductsbenea仇

48　the飽Stem edgeofthe Philippine Seaplate（Fig．1A）．The ChallengerDeep，PartOfthe

49　southernMarianaTrenchsou血WestofGuam，isthedeepestoc飽nictrenchintheworld，and

50　isupto2kmdeeperthan血eaveragedq）血alongtheaxisoftheMarianaTrench（Fttiiokaet

51　a1．，2002；Fryereta1．，2003；Gvirtzman andStem，2004）．Thestrike of血e廿enchchanges

52　fromnordl－SOudlin血enordlem SeCtionto east－WeStinthe soudl（Fig．1A）．Thefore－arC

53　narrows sou血ward and仇e廿endl－arCdistancedecreases untila polntneartheisland of

54　GuamwheretheMarianaRidgecomeswidlinabout150kmof仇eMarianaTrench（Fig．1A）．

55　　　　　　ThesouthemMarianaTrendlaPPearStObeassociatedwithactivesteqenlngOfthe

56　subducbngslabalongazoneofweakcouplingwith血eoverridingplaterelatedtotearlngOf

57　theslab（Fryereta1．，2003；GvirtzmanandStern，2004）．Fromnorthtosouthalong血etrench，

58　the position of血e asthenospheric wedge between the subductlng and overriding plates

59　progressivelymovesupwardandtrenchward；血ewedgeappearstobeextremelyshallowin

60　thesou仇ernpartofthe廿飢Ch（≦20km；Fig．1B；GvirtzmanandStem，2004）．

61　　　　　TheMarianaTrenchlacksanaccretedsedimentaryprism（Ishii，1985；Bloomerand

62　Fisher，1987）andconsistsmainly ofmafic andultramancigneousrocks血ataretypicalof

63　islandarcophiolites（NatlandandTamey，1982）．Serpentinizedperidobteshavebeendredged，

64　drilled，andsampledbysubmersiblesatseverallocalitiesonthelandwardslopesofthetrend1

65　（Dietricheta1．，1978；Bloomer，1983；Fryer，1992；Ishiieta1．，1992，0haraandIshii，1998）．

66　Theseperidotiteshavemostlybeenstudiedintermsof血eirpetrologicalfeatures．AldlOugh

67　theactivetectonicsoftheareainwhichtheperidotitesoccur，along血esouthernanddeq）eSt

68　partof血eMarianaTrendl，hasbeenrecendyconsidered（e．g．，Fttiiokaeta1．，2002；Fryeret

69　a1．，2003；GvirtzmanandStem，2004），血estruCturalcharacteristicsof仇eperidobtesremain

70　ambiguous．In the present paper，We demons廿ate that dle Peridotite samples record

71　contrasbngmicros廿uctures，ranglngfromcoarse－grainedtofine－grainedtexturesandawide

72　rangeofolivinefabrics，anddlatthisvariationpossibb，reflectsdynamicprocesseswithinthe

73　southernMarianareg10n．

74

75　2．DI℃dgesamplingandsamplepI℃PaI7Ition

76　　　　　　Peridotitesamplesanab，Sedinthisstudywerere廿ievedin1992fromadredgehau1

77　（KH92－1－D2）collectedby仇eUniversityofTokyoresearchvessel助kuho（nowoperatedby

78　theJapanAgencyforMarine－Ear血ScienceandTedlnOlogy）duringCruiseKH92－1overthe
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79　1andwardMarianaTrenchslopeatll．50N，a鴎acenttodleChallengerDeep（Fig．1A；Ishiiet

80　a1．，1993；OharaandIshii，1998）．Thedredgehaulrecoveredmore血an5000Phiol止icsamples

81（280　kgin　total weight），including serp飢tinized peridotite，PyrOXenite，and various

82　metamorphicrocks．Thesamplesareangular，1－50cmindiameter，andhaveathincoatlngOf

83　Mn－OXide．Thesamplesappeartobederivedfromlargetalusrampsfbdfromoutcropsonthe

84　inner廿enchslope，radler血anfromdiapiricserpe血niteseamounts（OharaandIshii，1998）．

85　　　　　　Weselected30samplesforanalysIS；allsaI叩IeswerelargerthanlOcmacrosswih

86　lessserpentine．Asours廿ategylnVOIvedmicrostruCturalandfabric anab，SeS aS ameanS Of

87　0btainlnginformationaboutdynamicprocesswidlinthemantlewedge，ltWaSVerylmPOrtant

88　toidentifyfoliationandlineationwithintherocksamples．Theperidotitesamplesaredunites，

89　meanlng that thefoliation andlineabon within these samples are defined solely by the

90　alignmentofspinelgrainS（e．g．，NicolasandPoirier，1978；Michibayashieta1．，2000）．Asit

91　proveddimculttoidentifyS廿uctureswihthenakedeye，Weanab，Sedsaw－CutSamPlesinthe

92　laboratory and血in sections cut at various orientations．Weidentified both folia血on and

93　1ineationinlOofthe30samples，aSaSSeSSedfrom46dlinsectionsandobservationsofhand

94　samples．

95

96　　3．MicrostruCtureS

97　　　　　　Three saI叩Ies exhibit coarse equigranular textures（e．g．，Fig．2A and B）．The

98　Structuresinthesesamplesareweakb，developed，andanalysesofseveral血insec血onswere

99　requiredtoide血fythefoliationandlineationineachcase．OlivinegralnSVarylnSizefrom2

100　to6mm．Althoughgrainboundaries arecommonlyobscuredbyserpentinization，relativeb，

101　unaltered areas revealtripleJunCtion geome廿ies．Localb，，grainS areweakb，elongated and

102　showunduloseextinction，Wihminorpatchesofgraln－SizereductionuptolOOトLmaCrOSS．

103　　　　　　Two samplespossesselongateolivinetextures（Fig．2CandD）．Coarse（≦5mm）

104　01ivinegrains arevariably elongated withaspectratios ofup to5：1．Thelongaxes ofthe

105　elongategransarealignedwithin血eplaneofdlefolia血on；thisprefbrredorientabonreflects

106　Slip alongcleavageplanes or kinking within gralnS With patdly eXtinction or moderateb，

107　undulose ex血nction．Rare patches offine－grained（≦100トL巾）dynamically recrystallized

108　grainsoccuralongtheboundariesbetweenhighly elongategrains．Thesefbaturesappear10

109　indicatedeformationunderconditionsoflow－temPeraturePlas血city．

110　　　　　　The remainlng nVefoliated samples exhibit eidler POrPhyroclas血c textures or

lll fine－grainedequigranulartextures．Theporphyroclastictexturesarevariableincharacter（e．g．，
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112　Fig．2E）：theshapesofporphyroclastsrangefromroundtoelongate（withaspectratiosofup

113　to3：1），reSultingfromslipalongcleavageplanes，and仇egrainsizesofneoblastsvaryfrom

114　～10　to　200トLm．The effbcts of pervasive serpenbnization mean　血at the detailed

115　microstruCtureOfthesesamplesisunClear．Low－teI叩eraturePlas血cdeforma血onmedlanisms

116　suchaskinkingappeartohavebeentheprlmaryagentOfgrain－Sizereduction．Incon廿ast，the

117　fine－grainedequigranulartexturesarehomogeneous（e．g．，Fig．2F），Withgrainsizesof～200

118　トLm．Grainboundaries showtripleJunCtion geome廿ies．Relictporphyroclasts occurlocalb，

119　andhaveirregularshapes，indicatlngdynamicrecrystallizationofdleCOarSePrlmarygralnS．

120

121　4．Fabricana炒Sis

122　　　　　　Tbexaminedledeformationconditionsinmoredetail，WeuSedascannlngelec廿On

123　microscopeequippedwithanelectron－backscatterdifh’aC血onsystem（housedat血eCenterfor

124　InstrumentalAnalysis，Shizuoka Universib，，Japan；e．g．，Michibayashi et a1．，2006b）to

125　measure血e crystal－Preferred orientations（CPOs）of olivinefrom highb，POlished血in

126　sections．Wemeasured血eorientationsofbetween161and32701ivinecrystalspersample

127　（Fig．3）andvisualb，Checked血e computerizedindexingof血ediffractionpattemforeadl

128　crystalorientation．Asweareunabletomeasures廿ainfromnaturalb，deformedsamples，the

129　fabrics廿eng血（i．e．，J－index）isusedtoevaluatetheintensib，Of血eCPO（e．g．，BenIsmailand

130　MainprlCe，1998；Mchibayashi and MainprlCe，2004；Michibayashi et a1．，2006a；

131　Michibayashieta1．，2006b）．

132　　　　　　A（010）［100］CPOpattem，Whichis termed an A－typepattem（e．g．，Jung eta1．，

133　2006），WaS Observedintwosamples：OneWithacoarsegranulartexture（Figs．2Aand3A）

134　and another widl anintensely elongatedtexture（Figs．2C and3C）．The sample with the

135　intenseb，elongatedtextureshowsagr飽terdegreeofscatterin血eobtainedCPOpattemand

136　alowerJ－indexvalue（Fig．2C）ComparedwiththesamplewidlCOarSeequigranulartexture

137　（Fig．3A）．This mayindicatethatthe CPOpattem was partly altered duringretrogressive

138　　deformation．

139　　　　　　A（010）［001］CPOpattem，WhichistermedaB－typepattem（e．g．，Jungeta1．，2006），

140　wasobservedwidlintwo samples：OneWithcoarsegranulartexture（Figs．2Band3B）and

141　anodlerWihintenseb，elongatedtexture（Figs．2Dand3D）．InbodlCaSeS，血eintensityofthe

142　CPOisrelabveb，Weak：J－indexvaluesareless血an4．Interms oftheCPOpatternforthe

143　samplewidlCOarSeequigranulartexture，although血emaximumdensities of血e血reeaxes

144　areconsistentwithaB－typepattem，thel10qandl001］axesdefineaweakgirdlesubparallel
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145　tothefbliation（Fig．3B）．The CPOpattemfor血esamplewihintenseb，elongatedtexture

146　revealsscatteredl100］axes，relativeb，COnCen廿atedl010］axes，andl001］axesthatdefinea

147　Weakgirdle（Fig．3D）．As wih血eA－typepattem，血eseresults mayimpb，血atthe CPO

148　patternwaspartb，alteredduringre廿OgreSSivedeformation．

149　　　　　　Desplte POSSeSSlng Wel1－defined foliations andlineations，the CPO pattems for

150　sampleswithporphyroclas血candfine一grainedequlgranulartexturesaretooweakbreliabb，

151ide血fyA－OrB－typepattems；J－indexvaluesfbrdleSeSamPlesareupto4（e．g．，Fig．3Eand

152　F）．These weak CPOpattems probabb，reflectthe effbcts oflow－teI叩eraturedeformabon

153　（e．g．，MchibayashiandMainprice，2004；Michibayashietal．，2006a）．

154

155　5．InteITIretationanddiscussion

l∴ll；　さ／Ja／・／いろ／LJ〃八丁日、／川し・／J爪、l仙／／いろ／・／し・、り／日日．∵／／J、川巾／／JL／・りl山／・／l仙J／／・し目し力

157　　　　　　TheperidotitesamplesobtainedfromthesouthemMarianaTrenchrecord awide

158　rangeofmicrostructures，Varylngfromcoarse－grainedtofine－grainedtextures．Ingeneral，the

159　coarse－grained texturesindicate high－temPerature deformation at solidus or hyper－SOlidus

160　temperaturestypicalofas血enosphericflow；thesearetherefbreinterpretedasprimarymantle

161　textures．In contrast，the fine－grained textures reflect ductile　flow at relativelylow

162　temperatures（Nicolas and Poirier，1978）．Accordingb，，We Classifythe samplesinto two

163　Categories：thosewi血coarse equigranulartextures（i．e．，Primarytextures；Fig．2A－D）and

164　those resultingfrom various degrees ofdeformation at relativeb，low teI叩eratureS（i．e．，

165　late－StagemOdifiedtextures；Fig．2E－F）．ThefbrmerCategOryCanbefurdlerSubdividedin10

166　twotypesbasedonCPOpatterns：A－type（Fig．3AandC）andB－type（Fig．3BandD）．

167　　　　　Itisgenerallyaccepted血atA－typepattemsprobablyreflectprimaryas血enospheric

168　flow（i．e．，highteI叩eratureSandlowstress）；however，thedevelopmentofB－b，PePattemSis

169　lesscertain，beingvariouslyascribedtolowtemperatures，highdegreesofstress，and／orhigh

170　water contents（e．g．，Nicolas and Poirier，1978；Jungand Karalo，2001；Jung eta1．，2006；

171　Katayama and Karato，2006）．Given血eunCertaintyindle PrOVenanCe and geographic

172　relatiOnships amongthesamplesdescribedindlePreSentStudyltisdimcultto explainthe

173　contrasbngfabricsobtainedfromaslngledredgehaul；nOnetheless，OurreSultsindicate血at

174　peridotite　inthe source reg10n Of the dredge site has been variably deformed and／or

175　recrystallizedunderarangeoftemperature，StreSS，andwaterfugacib，COndi血ons．Therefore，

176　whiletheperidotitesamples werecollectedfromaslngledredgesite，血erocksmayhave

177　beenderivedfromslgnificantlydifferentgeologlCalsettlngS．
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178　　　　　　We now place our resultsin血e context of reg10nal tectonics by considering

179　regional－SCaleanalysesbasedonsidescansurveysandtopographicandseismicstudies（Fryer

180　eta1．，2003；Gvirtzman and Stem，2004；Mllereta1．，2006）．Side－SCan SOnar datarevea1

181　numerousnormalfaults ondleSeafl00rindleforearcwestofGuam（Fryeretal．，2003）．

182　Moreover，theforearcimmediatelywestofGuamisbrokenbytwoN－S strikingleft－latera1

183　faultzonesthateadlreCOrdapproximately20kmofdisplacement；thesefhultsseparatethe

184　SantaRosaBankfromGuam（Fig．1A）．Theseafl00rWeStOf血eSantaRosaBankshows

185　widespread defbrmation，includingnumerousfaults ofvaryingscales（Fryer et a1．，2003）．

186　Thesebadlymetricfaturessuggestactivetectonicsinthisreg10n．

187　　　　　　Karig（1971）calculatedthat25％east－WeSteXtenSionacrossthesou仇emboundary

188　0ftheMarinasystemwouldberequiredtosq）aratetheSantaRosaBankfrom血eremnantarc

189　0f血eWestMarianaRidge．Fryeretal．（2003）arguedthatnor山一SOu血fbre－arCdeformabon

190　in this reg10n reSultedfromslab rollback and廿endlre廿eat associated with a tearinthe

191　subduc血ngplate．ThisproposalwassupportedbyGvirtzmanandStem（2004），Whosuggested

192　thatthelithospherewithinthe ChallengerDeepisas hinas20km（Fig．1B）．Such a血in

193　1ithosphere could wellhave beenintensely deformed，eVeninthe ductile reglme，during

194　forearcextension．Thisscenarioisconsistentwith仇ewiderangeofmicros廿ucturesobserved

195　Widlintheperidotitesamplesdescribedin血epresentstudy．

196

19T fごPL′●／l八州／い／′いり＝／Jト＼1机／／JL′●りl山′●／l仙J／′●し目し力IJ入り’／・一…l／し′●、／l仙／／日．∵／／JL／LL・／＝仙・、l仙／

1冊　′●／山車∵十・り／／JL／川●し－〃爪・、／l人・り／／JLl山′●／l仙川…J／／LItし直し

199　　　　　　We demons廿ated血attheperidobte samples obtainedfromadredgehaulondle

200　1andwardtrenchslopeof血esouthemMarianaTrench，Whichis血esiteofthedeepestocean

201intheworld，rePreSentVarious componentsofthemantlewedge．Asobservedpreviouslyln

202　thesou仇emmostMarianaTrenchacrosstheChallengerDeq），VerticalandlateralthinnlngOf

203　the overridinglithosphereleads to dle uPWard and　廿enchward propagation of the

204　asdl飢OSPhere（Fig．1B；Gvirtzman and Stem，2004）．Hence，One might argue that the

205　peridotites with prlmary teXtureS Were derived　from　血e reg10n Of highly uplifted

206　asdl飢OSPhericmantle（Fig．1B）．

207　　　　　　The peridotites analysedinthepresentstudyrepresenthighly refractory residue

208　following extenshTe mantle melting（Ohara andIshii，1998；Michibayashi and Thsaka，

209　unPublisheddata）．Dehydrationofthesubductingslabmightleadtohydrationoftheuplifted

210　region ofshallow asthenosphere（Fig．1B；e．g．，Iwamori，1998），leadinginturntopartial
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211　meltingofthemantlewedge．ThepresenceofarcvoIcanics across血e enbrewid血ofthe

212　SouthernMarianasystemwestofGuam（Fryereta1．，1998）isconsistentwiththishypo血esis．

213　　　　　In summary，血evariable micros廿ucturalfbatures of血e analyzedsamples could

214　wellreflectthecomplexstructuralevolutionofthesou血ernMarianareg10n，Wherethetrend1

215　extends acrossdleforearctodleback－arCSideofdleMarianaarcsystem（Fig．1A）．Fur血er

216　detailedstudiesofperidobtes sampledfrom血eworld’sdeq）eStOCeanWillrevealadditiona1

217　details ofthe reg10naltectonics，from the seafl00r tO the deeplithospheric mande and

218　asdl飢OSPhericmantlewithinthesoudlemMarianamantlewedge．
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308　FigurecapbOnS

309

310　Figurel．（A）Bathyme廿icmapshowingtheloca血onofdredgesiteKH92－1－D2（11041．16’N，

311143029．62’E；depd16594－7431巾），the sou血ernMarianaTrench（solidbarbedline），N－S

312　strikings廿ike－SlipfaultsthatboundtheSantaRosaBank（dashedlineswestofGuamFryeret

313　a1．，2003），theChallengerDeep，and血eloca血onsofdletWOCrOSS－SeCtions（afterGvirtzman

314　andStem，2004）ShowninFig．1B．Thedredgesiteisa鴎acenttodleChallengerDeep，the

315　deepestsitewithintheworld’soceans．Theunitusedfbrthelabeledbathyme廿iccontoursis

316　1000m．（B）Schematic cross－SeCtions across dle SOu血ern Mariana Trench based on the

317　1ithosphericsectionsinferredbyGvirtzmanandStern（2004）．Theas血enospherepropagates

318　towarddletipof血emantlewedge，reaChingapolntaPPrOXimateb，20kmbelowtheseafl00r

319　（GvirtzmanandStern，2004）．Thethinnedlihosphereabovethepropagatingasthenospherein

320　the area close to血e southern Mariana Trenchis possiblyintenseb，deformedunder

321low－temPeratureCOndibons（seetheDiscussionsection）．

322

323　Figure2．Photomicrographs ofmicrostructures withinthe anab，Sedperidotitesamples．The

324　scalebarinallimagesislmm，andallimagesweretakenundercrossedpolarizedlight．（A）

325　Sample D2－23．Coarse（≦5mm）equigranular texture．Locallyintensely serpentinized and

326　Carbonated．Grain boundariesinrelativeb，fresh parts ofdle SamPle show tripleJunCbon

327　geometries．（B）SampleD2－13．Coarse（ca．5m巾）equigranulartexture．Olivinegrainsshow

328　moderateunduloseextinctionandhaveserratedgrainboundaries．Grainsarelocallyweakb，

329　elongatein areas wheregrain－Sizereductionis evident（grainsizesreducedto≦100トLm）．

330　Numerousinclusions occurwithinolivinegrains．（C）SaI叩Ie D2－18．Coarsebutintenseb，

331　elongatetexture．Olivine gralnS areintensely elongated duetoslip along cleavageplanes．

332　KinkingorbendinglSr∝OgnizedinolivinegralnSwithpatchyorunduloseex血nction．Rare

333　fine－grained（≦100トLm）recrystallized grainsoccuralonggrainboundariesbetweenhighb，

334　elongategrainS．Grainboundaries aredominantb，SerPentinized．This textureresemblesthe

335　low－S廿aintexturesthataretransitionalfromcoarsegranulartexturetoporphyroclas血ctexture

336　atdlemarginofaductileshearzonedescribedfromtheOmanOphiolite（Mchibayashiand

337　Mainprice，2004）．（D）SampleD2－58．Coarsebutintenseb，elongatetexture．Coarse（≦5mm）

338　01ivinegralnS areVariabb，elongated up to aspectratiosof5：1duetoslip alongcleavage

339　planes．Partsofthesampleexhibitequlgranulartextures，withinwhichanarrowhigh－Strain

340　zoneoccurswithverysmall（ca．10トLm）recrystallizedgrainS．Somegrainscontainnumerous
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341inclusions．（E）SampleD2－52．Porphyroclas血ctexture，alhoughthemicros廿uctureiss廿Ongb，

342　heterogeneous．Porphyroclastsareseveralmillimetersinsizeandarelocalb，elongateduplo

343　aspectratiosof3：1duetoslipalongcleavageplanesorkinking．NeoblastsvarylnSizefrom

344　～10to200トLm．Althoughthenatureofdlemicrostructureis obscuredbyserpentinization，

345　low－Plasticitydeformationsuchaskinkingappearstobethem∝hanismbdlindtheobserved

346　grain－Size reduction．（F）Sample D2－110．Relativeb，homogeneous nne－grained（＜1mm）

347　equlgranular texture．Olivine gralnS Show tripleJunCtion boundaries．Locally，relict

348　Porphyroclastspossessirregularshapes．

349

350　Figure3．PolefiguresforthecrystallographicaxesofolivinegrainS．Allplotsareequalarea，

351lower hemisphere prqiectionsin血e structural（XZ）refermceframe，With thefoliation

352　0rientedver血callyeast－WeStandthelineationbeinghorizontal．（A）SaI叩IeD2－23；POSSibb，a

353　（010）［100］pattern．（B）Sample D2－13；（010）［001］pattern．（C）SaI叩Ie D2－18；（010）［100］

354　pattern．（D）SampleD2－58；（010）［001］pattern．（E）SampleD2－52；OlivineCPOisweak，Wih

355　amaximaof（001）normaltothefolia血on．（F）SampleD2－110；OlivineCPOisveryweak．

356
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