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Introduction

K･Arsystem datingmethodispowerfultooltostudycoolingagesofmetamorphic

rocks.However,discordant K･Ar and Ar/Ar age relations in ultrahigh･pressure

metamorphic(UHPM)andHigh-pressuremetamorphic(HPM)rocksarewidelyreported

from theDoraMairamassif(Scailleteta1.,1996,'ArnaudandKelley,1995),theSu-Lu

andDabieareas,China(LietaL 1994;Giorgiseta1.,2000),theKaghanvalleyarea,

Pakistan (Tbnarinieta1.,1993),theGourmaarea,Mali(Jahn eta1.,2001),the

Sesia･IJanZOZOne,Italy(Ruffeteta1.,1995,1997;Ingereta1.,1996),theTavsanliZone,

Tu.rkey(SherlockandArnaud,1999),andtheBeticZone,Spain(DeJong,2001).Ineach

K-ArandAr/Aranalysis,itishardtoidentifytheexistenceofexcess40Arintherocks,

andevenifitisidentified,itisalsodifGculttosubtractquantitativelyitfrom thetotal

40Arto gettheradiogenic40Arbecausewe cannotdistinguish atmospheriC40Ar,

radiogenic40Arandexcess40Arinanalysis.Metamorphosedcontinentalcrustmaterials

likeDoraMairamassifinwesternAlps,whichhaveexperiencedcomplicatemetamorphic

histories,haveprovidedthediscordantagesduetotheexcess40Arthatwasinherited

from theprotolith(Fig.1).ImperfectresettingfortheArisotopicsystem givesolder

apparentagesintheconventionalKIArsystemdating.Thistypeofrockissohardtodate

thecoolingage.

Wehaveaworkinghypothesisthattherockwithasimplemetamorphichistory

suchasthemetamorphosedoceanicmaterialshasnosignificantamountofexcess40Ar.

ThishypothesisisbasedontheexperienceofK･Ardatingonphengitesfrom the

Sanbagawametamorphicrocks,Japan(Isozakiandltaya,1990;ⅠtayaandTakasugi,

1988,'ItayaandFujino,1999,'MiyashitaandItaya,2002)andfrom theOtagoschists,

NewZealand(Nishimuraeta1.,2000).Thepelagicsedimentsarecomposedoffine･grained
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RadiometricAgesずrom的eDoraMairaMassif
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Fig.1.RadiometricagesfromDoraMairamassifinwesternAlps.
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Fig.2.KIAragesforphengiteseparatedfrompeliticandsemlPeliticmetamorphicrocksin

Otagoschist,SouthIsland,NewZealand.XRD dataofcarbonaceousmaterialsare

alsoplotted(a洗erNisⅠlimuraeta1.,2000).
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Fig･3･Ar/Ar age spectra and 37Arca/39ArK ratio of phengites in ultrahigh-Pressure

metamorphicrocksfrom theLagodiCignanaarea,WesternAlps(afterGouzuetal.,
2006a).
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materials.WhentheyunderwentHp-UHPmetamorphism inasubductionzone,the

fine･grainedmaterialscanberecrystallized,resultingincompleteresettinginK･Ar

system.Well-documentedexamplesofthisconceptarereportedfromthesystematic醍 -Ar

phengiteanalysesintheSanbagawaschists,SW JapanandtheOtagoschists,New

Zealand.Intheseareas,nosignofexcess40Ar,i.e.discordantagesand/orsign通.canもly

olderages,arefoundbecausethemetamorphicgradient,documentedbyK･Aranalysesof

thephemgites,are"continuous"(Fig.2).

ATIA雷daLもinginthreediffeTemもkim舶 ofmetamoTPhiesequences

Recently,WeandourcolleaguehavecarriedoutAr/Ardatingofmicasfrom

ultrahigh-pressuremetamorphicrocksfrom theLagodiCignanaarea,WesternAlps

(Gouzueta1.,2006a),eclogiticrocksintheTsoMorariComplex,westernHimalaya,India

(Gouzueta1.,2006b)andBarroviantyperocksintheDanbaarea,easternTibet(Itayaet

a1.,2006).wesummarizetheirresultshere.

[コ:Ageofmatrix ⑳ :Ageof鵬 usion

口車 :ana8yzedpositions

Fig.4.Ar/Arspotagesofphengitesinthegarnet-phengiteschistfromtheLagodiCignana

area,WesternAIps(a鮎TGouzuetal｡,2006a).

LagodiCignanaarea

TheZermatt-Saaszoneinwestern AIpsisregardedasanophiolite.Wecarriedout

theAr/Aranalysesofphengitesfromthecoesite-bearingpeliticschist,piemontiteschist

andCa･richschist.Theprotolithsoflattertwowereformedbyhydrothermalactivityand

inpelagicsetting,respectively.Phengitesintherocksfrom theLagodiCignanaarea

provide37-42Maplateauages(Fig｡3)thathaveverylittlevariationincomparisonwith

thosefromDoraMairamassifandareconsistentwithSm-NdandRb-Srmineralages(38

-9-



-40Ma:Amatoetal.,1999)ofeclogitesandphengite-quarzites.Phengiteinclusionsin

garnetgiveagesof43.2土1.1Maand44.4j=1.5Ma,whichareslgnificantlyolderthanthe

spotage(36.4土1.4Ma)from thematrixphengites,andtheplateauages(Fig.4).

Inclusionages(43and44Ma)areconsistentwithazirconSHRIMPage(44土 1Ma:

Rubattoeta1.,1998)(Fig.5).Theseresultss壷gestthattheoceanicmaterialsthat

underwentasimplesubductionrelatedUHPM,form excess40Ar-freephengiteandthat

thepeakmetamorphismisca.44Maorlittleolder.Theseanalysesconfirmourworking

hypothesismentionedabove.Wealsosuggestthatmatrixphengitesexperienceda

retrogradereaction changingtheirchemistrycontemporaneouslywith deformation

relatedtoもheexhumationofrocksandreleasingslgnificantradiogenic40Arfrom the

crystals.Thishasleadtotheapparentagesofthematrixphengitesthataresignificantly

youngerthantheinclusionage｡

CooHngHistoryoftheLagodiCignanaarea

PlGPaj SHRIMP44.0 ±0.7Ma
(Rubattoetai.,1998)

Sm-Nd40.6±2.6Ma

Rb･Sr38±2Ma

(AmatoetaL1999)

/
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Sm-Nd(AmatoetaL1999):Grt-Omp-G事n-Czo･Pg
Rb-Sr(AmatoetaL1999):Phn･who一erock

Fig.5｡PIT･tpathofultrahigh-pressuremetamorphicrocksfromtheLagodiCignanaarea,

Western AIps.
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TsoMorariComplex

TheTsoMorariComplexinwestern Himalaya,whichisthoughttobeoriginallyもhe

marginoftheindiancontinent,iscomposedofpeliticgneissesandschistsincludingmafic

rocklenses(eclogitesandbasicschists).Eclogiteshavecoesitepseudomorphingarnet

andquartzrodsinomphacite.Theyoccuronlyinthecoresofmeter-scalemaficrock

lensesintercalatedwiththepeliticschists.Smallmaficlensesandtherimpartsoflarge

lenseshavebeenstronglydeformedtoform thefoliationparalleltothatofthepelitic

schistsandshow themineralassemblagesofuppergreenschisttoamphibolitefacies

metamorphism.The garnet-omphacite thermometry and the univariant reaction

relationsforjadeiteformationgive13-21kbat600oCand16-18kbat7500Cforthe

eclogiteformation(Fig.6).Phengitesinpeliticschistsshow variableSi/AlandNa/汰

'TM810:Omp+Grt+Zo+Phn
+Pg+Rtt+QtZ+I.'Ca-Amp)

300 400 500 600 700 (oC)
Temperature

Fig｡6.p-TconditionsofeclogiteintheTsoMorariComplex,westernHimalaya,India(a洗er

Gouzueta1.,2006b)
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ratiosamonggrainsaswellaswithinsinglegrains,andgiveK-Aragesof50-87Ma.A

peliticschistyieldedK･Aragesof83.5Ma(K=4.9wt%)forparagonite-phengitemixture

and85.3Ma(汰=7.8wt%)forphengiteandanisochronageof91j=13Maf-ronthetwo

dataset(Fig.7a).Theeclogitegivesaplateauageof132MainAr/Arstep-heating

analysesusingsinglephengitegrainandaninverseisochronageof130士39Mawithan

initial40Ar/36Arratioof434j=90inAr/Arspotanalysesofphengitesandparagonites(Fig.

7b).TheCretaceousisochronagesareinterpretedtorepresentthetimingofearlystageof

exhumationoftheeclogiticrocks.Thephengitesinpeliticschistshaveexperienced

yetrograde reaction,which modified their chemistry during intense defoTma伍on

associatedwiththeexhumationoftheserockswiththereleaseofsignificantTadiogenic

40Arfromthecrystals.Theargonreleasetookplaceintheschiststhatexperiencedthe

retrogression to uppergreenschistfaciesmetamorphisms鉦om theeclogitefacies

conditions.

(×104)

LV
g

CJ
L
Vo
寸

0 0.5 1.0 1.5 2.0 2.5

40K /36Ar (XIO6〕

2000

.100(U

JVo寸
＼LVgC

0000

Fig.7KIArisochronage(a)calculatedusingtwodatasets,phengiterich至ractionand

phengite-paragonitemiXturefrompeliticschistandAr/Arinverseisochronage(b)

calculatedusingfourdatasetsofphengitesandparagonitesfromeclogiteintheTso

MorariComplex,westernHimalaya,India(afterGouzueta1.,2006b).

Danbaarea

TheDanbaareainthecentralpartofLongmenshanorogenicbeltinEasternTibet

consistsmainlyofSimiantoTriassicmetasediments.Thewholeregionhasundergone

Barroviantypemetamorphism withprogressivechanges･from chlorite･gradeslatesinto

sillimanite･K feldsparschistsandestimatedpeakconditionsofca8kbarand700oC
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(Huangeta1.,2003).Electronmicroprobe(CHⅠME)monazitedatinginthemetapeiite

andSHRIMPU･Pbdatingofapatiteinthemetamorphosedgranodioritebothfrom the

sillimanitezonegivecompatibleagesofca｡65Mathatisthemetamorphicage(Waiiiset

a1.,2003).LaserstepheatingAr/Aranalysisofsinglecrystalsofbiotiteandmuscovite

yieldedconsistentcoolingagesofca40Mainthesillimanitezonewithmetamorphic

temperatureshigherthan600℃ anddiscordantagesfrom46も0197Mainthezoneswith

peakmetamorphictemperatureslowerthan600℃.Thehigherkyanitezonegives,in

pa血cular,extremeoldbiotiteagesmorethanthreetimesthemetamorphicage.We

suggesもbiotitegrainswithapparentagesof且30も0197Mahaveもrappedexcess40Ar

derivedfromdegassingofmuscoviteinthesillimanitezone.Werefertothisasatrapped

èxcessargonwave'.Biotitegrainswithages46to94Mainthelowergradezonetrapped

moderateexcessargoninheritedfromthehostlithologiesduringthemetamorphism.

Conclu白ionS

Theoceanicmaterialswithasinglemetamorphism lessthan500℃ havethe

phengiteswithoutexcessargon.Themetamorphicsequenceshavethecontinuous

metamorphicgradientinageandtemperature.Themetamorphicrocks,originatedfrom

continentalmaterialswithprehistory,havethemicaswiththeexcess40Arthatwas

inheritedfrom theho白日ithologiesduringthemetamorphism lessthan600℃ andthat

trappedtheexcess40Arwavewhichreleasedbythedecompositionofmuscoviteinthe

sillimanitezoneduringtheexhumationofthemetamorphicsequence.Themetamorphic

lithologiesexperiencedhigherthan600℃ havenosignificantexcess40Arinphengites,

giv五mgthereliablecoolingage.
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