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Abstract   

TwochondrulesincludingsplnelsffomdleAllendemeteoritewereinvestigatedtheirpe廿0logical  

PrOPerdesandoxygenisotopiccompositionstoinvestlgatetherelationshipbetweenchondrulesand  

CAIs．Thesespindgrainsmaybe血erelictphaseofCAl－1ikeprecursorswhichhavesurvivedthe  

Chondru1e－fbmlngeVentS，Ormayhavecrystallizedfromdledropletsof血echondru1eprecursors・   

Al－2b－1BOCisaCa，Al－richchondru1econtainingacoarsespinelgrain・¶一eOXygenisotopIC  

co叩OSitionsoftheAl－2b－1spinelgrain（8170sM。W芦ヒ‥・－15％0；8180sM。Wだ－15％0）areequaltothose  

ofcoexistingolivines（817osM。Wニq13％0；8180sM。W㌶－10‰）．Moreover，血eAl－2b－1spinel  

grainismuch160－POOrerdlanSPinelsinCAIs・Therefore，theAト2b－1splnelgrainisapparendy  

dlePrlmaryPhasewhi血crystal1izedduringthefbrmationofAl－2b－1BOC．TheoxygenisotopIC  

COmPOSitionsofdleftldspa伽cmesostasisscatteralongdleC2fractionationline．rmemesostasis  

mayhavereacted w地anebular gas havingnormaloxygenisotopICCOmPOSition pr10rtO dle  

accretionoftheAllendeparentbody．   

AL95－2－トCDL・1isatypicalcompoundchondrule・TYlePrimarySPhereofCDL・1isaPOC  

envelopedby血ickpyroxenerim，WhereasthesecondarySPhereofCDL．1canbecategorizedasa  

Group2POIfrom血echemicalandpe也・Ologicalproperties・Thesb・Onglyserratedcharacterofdle  

COarSeSPinelgrainsindleCDL・1secondarySPherecanbeexplainedbyreactionwidlaSPmel－  

undersaturatedliquid・TheoxygenisotopICCOmPOSitionsof血espinelgrainsin仇esecondary  

SPhere（8170sM。W㌶－34％0；8180sM。Wた－31％0）areSimilarto dlOSeOfspinelsinCAIs．Tbe  

OXygenisotopiccomposidonsofolivines（8170sM。Wだ－13％0；8180sM。Wた－12％0）andpyroxenes  

（817qsM。Wニー17％0；8180sM。W㌶－15％0）inthesecondaryspherearequitedifftrentfrom也oseof  

SPinels・Therefbre，dleSPinelgrainsinthesecondarysphereareObviouslytherelictphasedlat  

Survivedthechondmie－払rmlngeVentandmayhaveoriginatedincoarse－grainedCAIs・   

Theoxygenisotopiccompositions ofplagioclases（8170sM。W霊－2％0；8180sM。W窪2％0）and  

n甲helines（8170sM。Wだ－4％0；8180sM。W望0％0）in血eCDL．1secondarysphereareS血ilartO血ose  

OfanordlitesandmelilitesinCAIs・Nephelinesare血esecondaryalteradonmineralswhichmay  

havefbrmedby血ereplacementofplaglOClasesbyreactionswiththenebulargas・   

TheCDL・1secondaryspheremayhavebeeninequilibriumwith血enebulargasduring血e  

SOlidificadonandthesecondaryalteradon，and也eoxygenisotopiccompositionofea血phasein  

dleSeCOndarySPheremayreflect血eoxygenisotopICCOmpOSitionsofdlenebulargaSWhichmay  

havebeeninequilibrium・AL95－2－1－CDL．1compoundchondrule－POIo句ectsuggests血atthe  

PrOtOPlanetarydiskmayhavebeennotonlychemical1ybutalsoisotopical1yheterogeneous，and  

that血erecyclingofmaterialsmayhaveoftenoccurredintheprotoplanetarydisk・  

Keywords：julende，Chondru1e，CAI，POI，SPinel，血eoxygenisotope，theprotoplanetarydisk   
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1．Introduction   

ChondritesaredlemOStm毎OrtyPeOfmeteoriteswhichfallontheEarth fnementabundancein  

dleChondritesisgoodcorrelatewiththoseoftheSolaratmosphereexceptforvolatileelements  

SuChashydrogen，heliumandnitrogen・   

Since chondrites are dle Oldest rocksin dle SOlarSyStem，Chondrites provideimportant  

infbrmationaboutconditionsintheear1ysolarSyStem・However，mOStOfdlemWereafftctedby  

thermalmetamOrPhismand／orwereexposedtoaqueoussolutionsduringaccredonorintheparent  

bodies．¶luSdlereCOrdsabout血esolarnebulahavebeenobscuredorcompletelyerasedfrom  

themostchondrites（WeinbruChetal．，1994）。   

TYleleastaltered血ondritesarethoseofpe仕・Ologictype3classifiedbyV狐SchrmsandWood  

（1967）．TY10SeWerenOtgreadyalteredindleParentbodiesbywater，heat，OrShock・Ti1eyhave  

heterogeneousmineralcompositionsandpreservethetextureswhichwereinheritedfromthesolar  

nebula．Carbonaceous chondrites containwater－bearlng mineralsand organic matters whose  

Stabilityfields restrict tolow temperature．TYlerefbre，the carbonaceous chondrites never  

experiencedhighteInperatureCOnditionaftertheaccretion，andareregardedasdlemOStPrlmitive  

meteorites・Main texhlre COmPOnentS are ftrromagnesianmm－Sized spheru1es，refractory  

inclusionsknown as Ca，Al－richinclusions（CAIs）and finegrained dust（ma仕■ix），grains of  

metalliciron－nickelandsulfides．Chondritescanberegardedasmechanicalaggregationsofthese  

O句ectsthatweremutuallyformedinthedi脆rentconditionsandbythedifftrentprocesses・   

TYleSPherulesarecalledaschondrules andhavelgneOuSteXture・Theymos也ycomposedof  

ftrromagnesiansilicate mherals such as olivineand pyroxene，and mesostasis are embedded  

betweensilicatemberals．Chondru1esarebelievedtohavefbm鳩dfromclumpsofprecursordust  

byb：anSientheatingevents（e．g．，Grossman，1988）．Itallowsmostchondrulestobecategorized  

definitelyondlebasisoftextureandmodalmineralogy・GoodingandKeil（1981）definedtwo  

broadcategoriesofchondrules：POrPhytiticandnonporphytitic・Manymembersofporphyritic  

Chondrulesareconsidereddlat血eyhavebeenincompletelymdtedduringthechondru1e－fbrrr皿g  

events・Porphyriticchondrulescontainlarge，mOre－OrNlessrandomiyorientedmheralgrainsthat  

inmanyOrmOStCaSeSSeemtOhaveachievedtheirpresent，Ofteneuhedralorsubhedral，Shapesby  

thegrow血ofdlePhaseontoapre－eXistingnucleus orgrain（Nagahara，1983；Hewins，1989）・  

Porphyriticchondruleshavephenocrystsofolivineand／orlow－Capyroxenesurroundedbyglassy  

Ormicrocrystal1inerr肥SOStaSis．Atleastabove80％ofchondru1esinalltypesofchondritesare  

POrPhyritiGChondru1es（Grossmanetal．，1988）．   

OndleOdlerhand，thethreenonporphyritictexturaltypes areconsideredthatdleyhavebeen  

fu11ymoltenimmediatelyafterthechondrule－fbrmhgevents（Wasson，1993）・Somechondrules  

Ca11edbarred－Olivine（BQ）chondrulesexhibitdleCharaCteristicmorphologythatparallelplates of  

Olivineareinopticalcontinuity，insomecases surroundedbyasphericalolivineshen．Radial  

PyrOXene（RP）chondrulesaredomhatedbyfhnrlikearraysofpyroxenecrystalsradiatingfrom  

OneOrmOrePOints ondleSurface．In cryptocrystalline（C）chondrules，PyrOXeneis too fine  
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grainedtobeseeninanopticalmicroscopeatlowmagnification（≦2LLm），andmayormaynot  

showaradiatingstruCture；manyhavemuldpleextinctiondomains（Grossmanetal・，1988）・   

GranularOlivine－PyrOXene（GOP）chondru1esareClassinedintononporphyriticchondrules，but  

dley may have beenincompletely molten during dle Chondru1e－fbrmation events・GOP  

chondru1escontaincloselypacked，fine－grainedanhedralcrystalsofolivineand／orpyroxeneina  

glassy汀蛤SOStaSis，andareteXtural1ysimi1artosom：POrphyriticchondrules（Grossmanetal・，  

1988）．   

CAlsmainly containprlmaryrefractory silicatesandoxidephases suchas melilite，SPinel，  

perovskite，hibonite，fassaite，andsoon，Withrefractorymetalnuggets・CAIsprobablyformed  

by high temperahlrePrOCeSSeSindle SOlarnebula；COndensation，VOlatilization，and melting・  

CAIscanbeclassifiedinto”coarSe－grained”and“fine－grained”tyPeS・CoarseNgrainedCAIscan  

bedividedintotwotypesbasedondleabundanCeOffassaite‥TypeA，COmPOSedmosdyofmelilite  

Withverylidepyroxene，andTypeBwhichhaveabundantPyrOXene（MacPhersonetal・，1988）・  

Ananorthite－richvarietyofcoarSe－grainedCAIsislabeledasTypeC（e・g・Wafk，1987）・   

The m句Or COnStihlentS Of chondrites，namely chondrulesand CAIs，COuld have formed  

COmPOundo切ectsamongthesameconstituents（Rubin，1994）・Compoundchondru1esdlathave  

beencombinedtwochondru1es each otherareSOmedmes observed．Enveloping（a chondrule  

enclosesdleOtherone），COnSOrting（SeCOndarySubequaltoprimaryinsizeandshape）andadhering  

（achondru1efbrmsabumpontheodlerOne）chondru1esarethemostcommOn（Wa？SOn，1993）・  

ManyOfpairsofcompoundchondruleshaveverysimi1arCOmPOSitionsandtextures（Luxetal・，  

1981）．Eachpairmayhaveformedinasamemeltingeventandtheprecursordustattheregionof  

thechondru1efbrmationmayhavebeennearlyhomogeneous．SomecompoundpalrSarequite  

dissimilar；mOStare barred－Olivine chondru1es inside porphyritic chondru1es．Porphyritic－  

nonporphyriticpairsarelideknown（Grossmanetal・，1988）・   

CompoundCAIsarealsoobserved・TYleCOmPOundCAIsrecognizedbyWatkandLoverlng  
（1982）arethecompositeTypeBl－in－TypeACAIsseparatedbythepalisadeswhichareChainsof  

SPinelcrystals．Wa止andIJOVering（1982）arguedthatsomelargeTypeBlbodiesmighthave  

ServedasnucleusesarOundwhichTypeAgrainsaggregatedandtowhichtheybecameWeldedby  

COntinulngCOndensationorbysecondaryalterationprocesses・   

Nocompoundchondru1e－CAIobjectshavebeenrecognized，aldlOugh仕aceelementanalysesof  

individualchondru1esfrom cafbonaceous chondrites suggestthat chondru1esand CAIs are  

genetically related．Aトrich chondrules suggestthatthey contained a smallproportion of a  

refractorycomponentasCAIsinthechondruleprecursormaterials．Somechondrulesremain a  

SlgnatureOfREEfractionationinthesolarnebula，andshowpositiveCeandYbanom山ies and  

exhibitahighlyREEfractionationsimi1artothoseofGroupIICAl（MisawaandNakamura，1988）・  

Nevertheless，thesechondru1esaretheonlyindirectevidencesdlatSuggeStthegeneticrelationship  

betweenchondru1esandCAIs．   

RecendyMisawaandFujita（1994）fbundaBOchondruleR－11indleAllendeCV3meteorite  

COntainsacoarse，Subhedralspinelgrain（upto200pminsize）includingfassaiteandaCa，ju－rich  
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Phaseandreffactoryplatinummetals（RPM）nuggets・TYlis spinelgrainmaybearelictphase  

becausethecomposihonissimi1artothoseofCAIs．ThediscoveryofR－11indicatedthatsome  

CAIsandftrromagnesianPreCurSOrmaterialsofchondrulescoexistedinthesamereglOnOfthe  

SOlarnebula．TheR－11BOCsuggeststhatCAls andchondru1esaremOreCloselyrelated  

PreViouslythought．However，dlerelationshipbetwecnchondru1esandCAIsisnotcompletely  

Obviousyet．Therefbre，itisnecessarytOSearChcompoundCAI－Chondruleo切ectsandmoreCa，  

Al－richchondru1eswhichmayretainthemarksofdleincorporationofCAI－1ikeprecursors widl  

ftITOmagneSianChondru1eprecursors．Theinvestigation ofthechondrule－fbrmation processes  

ShouldbetakenaccountoftherelationshipbetweenchondrulesandCAIs．   

Thereissomepossibilitythatchondru1esincludingrefractorymheralsmayberelatedtoCAIsin  

regardtoprecursorsofthesechondru1es．Ihavefbundtwochondru1esincludingspinelgrains（a  

BOCandacompoundchondrule）fromdleAl1endeCV3meteorite．Thesespinelgrainsmaybe  

dlerelictphasewhichhavesurviveddledlOndru1e－fbrmlngeVentS，Ormayhavecrystallizedfrom  

dledropletsofthechondruleprecursorsintowhichasmal1quandtyofCAI－1ikemineralsmayhave  

beenincorporated．TYleb：aCedlatCAImighthavebeenconcemedinthefbrma也onofchondrules  

mayremaininpeb・0logicalproperties，b・aCeelementcompositionand／orisotopICCOmPOSition．In  

Particular，the oxygenisotopic composition mayindicate dle仕・aCe Of CAI－1ike materialsin  

Chondru1esmoreclearlythanREEfractionationpattern，becausemineralscompnslngCAIsare  

knowntoshowlargeanomaliesintheisotopicabundanCeSOfoxygen（e．g．Claytonetal．，1977）．  

Inthis paper，Idescribe peb：0logicalpropertiesand oxygenisotopICCOmPOSitions ofthese  

Chondru1es，anddiscusstheconceivableprocessesofthefbrmationofdlemandtherelationship  

betweenCAlsandChondrules．  
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2．Analyticalmethods  

2．1．Petrographic observations，quantitative analyses andareaanalyses   

Back－SCatteredelec仕Onimaging（BSEI）andquantitativeanalysesofchondrules ofanAllende  

thinsection were perfbrmed on dleJ肌JSM－5400scanning elecb・Onmicroscope（SEM）  

equippedwiththeuNK energydispersive system（EDS）・In ferromagnesianminerals and  

SPinel，dleCOn∝nb・ationsofSi，Al，Ti，Cr，Fe，Mn，Ni，Mg，Ca，NaandKweredetermineduslng  

dleEDS．Intheanalysesofmesostasis ofAト2b－1BOC，Sulfurwasincludedintotheabove  

elements．TTlequantitativeanalyses werecarriedoutatanaCCelerating voltageof20kVwidl  

O．3nAprobecurrentwithcounhnghmes of50sec・ConventionalZAFmethods wereusedfbr  

COrreCtionfromX－rayintensitytoconcentration・   

TheX－rayimages（SPeedmaps）ofMg，Fe，AlandSofdleAl－2b－1chondru1ewerealsomade  

bytheSEM－EDS systematthesameaCCelerahgvoltageandbeamCurrentOfthe quantitative  

analyses．TotalcountingtimeofimageacqulSltlOnWaSuPtOl・5hours・   

TheareaanalysesofSi，Al，Ti，Cr，Fe，Ni，MgandCaofdleSPinelgraininAl－2b－1BOCwere  

madebydleJEOL8621elec仕OnPrObemicroanalyzer（EPMA）．Qperatingconditionsofthearea  

analyses wereanaCCeleratmg voltage of15kVandthe beamCurrent Of200nA．1me beam  

diameterandthepixelsizewerelpm，andthedwelltimeoflpixelwaslOOmsec．  

2．2 Analyses ofoxygenisotopic composition  

2．2．1Theanalysiscondition   

Thepolishedthinsections were coatedwith～30nmofgoldfilmfbrSIMS analysis．The  

OXygenisotopICCOmpOSitions ofeachphaseinthinsections ofAl－2b－1andAL95－2－1－CDL．1  

WeredeterminedwiththeCAMECAIMS－1270SIMSinstrumentatTokyoInstituteofTechnology．  

OxygenisotopICmeaSurementSWeremadewithafbcusedpositiveprlmarylOnbeamofcesium  

WithanenergyOf20eV．PrimarybeamCurrentSWereadjustedfbreachruntOObtaina160count  

rateof～4．0×105countspersecond．Thetypicalcurrentwas～4．OnAandthebeamSizewas  

5LLmindiam，ter・Tneelecb・Onfl00dgunwasusedtocompensatedleelecb・OStadccharglngOndle  

SamPlesurfaces・Aconb・aStaPertureOf400LLmWaSuSedandtheenergyslitwassettoselectan  

energybandpass of150pm．TYle員eldaperture of2000LLmWaS uSed．Themass resolution  

POWer（MRP）was settoイiOOO（10％valley）toresoIve170fromtheinterferenceof160H．  

Measurements were madefrom scannlng dlrOugh the mass sequences the tailof160  

（15．99152amu），160，170，160H（17．00274amu），and180inamagneticpeakjumpingmode．The  

COunbngbmeofdleSemaSSeSare5．Os，2．Os，7．Os，2．Osand3．Os，reSPeCtively．Measurements  

Ofdletailof160and160HwereperfbrmedfbrdlePurPOSeOfremovlngthe160＝conb：ibutionto  
17 0peaksowmgtothecontaminationofvaporwhiledlethinsectionsanddleStandardwere  

exposedtotheair・Typicalmass spec仕・aareShowninFig・2・1・SecondarylOnSlgnals were  

detectedwithanelectronmultiplieroperatedinapulsecountlngmOde．  
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2．2．2．Thedeadtimeofelectronmultiplier   

Signalsmeasuredintheelectronmultiplierwerecorrectedfbrthecounhngsystemdeadtime．Ⅵle  

deadtimewasdetemlinedbya2measurerrmtmedlOd．Thisme血odmakespossibletomeasure  

OnlyafirstorderdeadtimeT・Checkingthatthesecondorderinnegligibleisnotpossible，hence  

thecountratesmaintainatalowlevel（＜0．7Mtps）．Countratesof160and1800fglasswere  

measuredwith0．8McpsandO．2M如S．Risarati00f160and180，meaSuredasdlerati00f2  

measuredcountrates，18α160・2measurementsofRareaChieved：Rl＝18q）．8Mcps／16q，．8Mc。Sand  
16 R2＝18q，．2Mc。S／q，．2Mc，S・Letkbetheratiobetweenbothcountrates：  

烏－1600．8〟甲ノ1600．2呵，∫≡1800．8肋pノ1800．2〟甲∫  

TYlefirstorderq）PrOXimationfbrmulaofてis：  

（2．1）．  

丘×（月1一点2）  1   
×  て＝  

尺×（1一尺）（た－1）‥1600．2〟甲∫   （2．2）．  

In（2・2），RisanaVerageOfRlandR2・TheuncertaintyofTisdominatedby（Rl－R2）．Allof  

themeasuredcountswerecorrectedbyuslngthefo1lowlngformula：  
〃′，…抑  

1‥Ⅳ催〝g・T  （2．3）  
Ⅳ什．，‘，＝  

WheredleNtruelSa打uevalueandNmeas。，e lSameaSuredvalue，andTisthe deadtime・¶1e  

deadtimefbrtheanalysesin97／10／10－13was22．6±5．2ns，andthedeadtimeafter97／10／29－31was  

25．6±4．4ns．  

2・2・3・TYlemeaSurementSOfoxygenisotopICCOmPOSitions   

ArunCOnSistedoflOOcyclesthroughdlemaSSSequenCeandwasdividedintoblocksoflO  

CyCles・TotaltimeofeachrunWaS43min・Isotoperatiosandthestandarddeviationsofarun  

WereCOmPutedfromtheaverageoftheal1isotoperatios．   

TheisotopICCOmpOSidonmeasuredbytheSIMSdifftrsfromthetrueisotopiccompositionof  

the sample bythe mab・ix－dependentins仕umentalmassfractionation．Theins打umentalmass  

fractionationvarieswithdlegeOme什yofthesamplemeasured，tuningconditionofdleins仕ument，  

andthepositionoftheenergywindow，etC・（Faheyetal・，1987a）．FromdleSereaSOn，itisvery  

difficulttodetemiepreciselytheinb・insicmassfractionationofthesample・Inordertocorrect  

theins仕umentalmassfractionation，aterreStrialsinglecrystalwaspreparedasastandardfbreach  

mineralphase of chondrules・Tile Slngle crystalused asthe standard fbr spinel，Olivine，  

mesostasis，anOrthite，nePhelineandpyroxeneofchondru1eswasaterres仕ialspinelcalled“SPU＝  

fbundfromRussia．ThevaluesofoxygenisotoperatiosrelativetotheSMOW（Standard  

αeanWater），8180sM。W，fbrthestandardweredeterminedbythegasmassspec＆omeb：ymethod  

（‰rimotoetal・，1994）・The8180sM。Wdetem血edbydlegaSmaSSSPeCb・Ome叫methodare  

＋8・5％0，anddle8170sMOWa陀＋4・3％oassumlngterreSbialmassfractionation・   

Thestandardwasmeasuredrepetitiously duringanalysis・Dailyvariationsinthe measured  

isotoperatios（170／160and18α160）weretypicallywidlh±5％0and±7％0，reSPeCtively（Fig．2．2）．  

Sincestatisticalerrorsoftheisotopicratiosfromtotalioncountswerelessdlan±4％0，thelarge  

dailyvariationincludessomeaccidentalfluctuationsinanalyticalcondition，SuChasvariationsin  
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smallelecb：OStaticcharglngOn血eanalyticalarea・Mondllyvariationsinthemeasuredisotope  

ratios（17α160and18α160）fbreachstandardwerewithin±3％oand±4％0，reSPeCtively（Fig・2・3）・   

Tbetailingof160＝peakplaysasabackgroundcountsfbr170peak・Thehle170valuewas  

COrreCtedbythefb1lowlng：  

17 0cβrrgC′g耕一16躇× （笥   

（2．4）．  

AllvaluesofdlerightsideofEq．（2．4）aredletrueCOuntSCOrreCtedbyEq・（2・3）・¶leaVerage  

160Hcontributionfbrthestandardandthesampleswascalculatedto－0・2％0・   

TheA170sMOWandA180howValuesofthestandardwerecalculatedasfb1lows：  

△1鶴ow＝佐一1ト00   
（2．5，  

and  

昭0Ⅳ＝佐一1）×1000   
（2．6，  

whereR17＝170／160，R18＝18α■160，anddleSuPerSCrlPtSandsubscrlPtS“Std＝and“SMOW＝reftr  

thestandardandSMひⅣ，reSPeCtively．Thelα′16QsM。WareaSfbllows：170／160＝0．00038288±  

0．00000028（2qnean）（Faheyetal．，1987b），and18α160≡0．0020052（Baertschi1976）・  

Weredeterminedbythefbllowlng：  
TYledegreesofinstrumentalmassfractionationFinstrumenta！          ダ 

；〝∫伽e舶′＝紬濫w－△‘0㌶ow  （2．7）．  

¶leCalculatedoxygenisotopICratios ofdleStandardandthedegrees oftheins仕umentalmass  

fractionationof170and1800feachanalysisareShowninTables2・1，2・2and2・3・  

TYleOXygenisotopIC CO叩OSitions ofminerals ofchondrules were measuredunderthe same  

COnditionasthestandard，andallofthemeasuredcounts werecorrectedbyusingdle（2．3）and  

（2・4）・The81QsM。WValuesofmheralsinchondrulescorrectedtheinstrumentalmassfractionation  

WereCalculatedasfb1lows：  

鶴＝隆一1ト00・ダ霊け〟椚g〃′α′  

（2．8）  

and  

昭5w＝隆一1ト0…禁け〟∽e肋′  
（2．9，．  

Ⅵle SuPerSCrlPt“CDL”means chondrule．The calculated oxygenisotopIC COmPOSitions of  

mineralsofchondruleswillbeexplainedindlefb1lowlngChapter．  
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3． Results  

3．l．Properties ofAl・2b・1barred・01ivine chondrule   

Al－2b－1isatypicalbarred－01ivinechondrule（BOC）・Back－SCatteredelecb・On（BSF）imageof  

theAl－2b－1BOCisshowninFig．3．l．Thesizeofthischondruleis～3mmindiameter．The  

Chondru1emain1yconsistsofolivine，Ca，ju－richmesostasis，SPheru1esofFe－Nimetalorsulfide．  

Tex加reoftheAl－2buIcanbedividedintothreepartS；COre，innercoarSe－grainedrim，andou  

Fe－richrim．Themostconsiderableftahlreis也atacoarsespinelgrain（upto200pminsize）is  

embeddedinthisBOC．TheX－raylmageSOfMg，Fe，ju，SofdleAl－2b－1BOCareshownin  

Fig．3．2．  

3．1．1． TYleCOreOfAl－2b－1BOC   

Thecorepart（－1．7mmindiameter）showsatypicaltextureoftheBOC．Mostofolivinebars  

（Plates）arrangeinparal1elandapparendydleCOrehasthe”classic‖b∬red－01ivinetexture，Whichis  

a single－Plate dendrite sharingthe entire chondru1e widldle remamlng glass or subsequent  

CryStallizationproducts（Donaldson，1976），althoughaftw olivinebarSarrangeindledifftrent  

direction・TYluSthecoreisnotaslngle－PlateBOC，butarrmltiple－PlateBOC・TYle aVerage  

WidthofmostolivinebarSisペiO匹m，andthatofolivinebarsarranglnginthedifftrentdirection  

fromtheotherbarSis－30pm・TheolivinebarSadjacenttothespinelgrainareeXb・emely血ick  

（〝170pm）・TYleCOrePartispartiallyrimmedbyolivinebarswhosewidtha托about130pm．   

ThemheralspeciesofthecorepartareOlivinebarsandacoarSeSPinelgrain・Themineralsare  

embeddedinmesostasisphases・TnebulkcompositionofdleCOrePartOfAl－2b－1BOCisshown  

inFig3・3・ThebulkcompositionofthecorepartOfAl－2b－1BOCindicatesitiscloselyrelated  

toCa，Al－richchondru1es．   

TYleanalysesofolivinesofAト2b－1coreisglVeninTable3・1，anddleanalyzedpolntSare  

ShowninFig．3・4．Theolivinebars and olivineshellareforsteritic（」了099）．¶lereare nO  

PyrOXeneCryStalsinthecorepart．   

Thetextureofmesostasisis showninFig．3．5．TYleteXtureOfmesostasisisintersertaland  

lookslike arranging para11el・Mesostasis can beroughly dividedintothreecomponents：（1）  

ftldspathicphase；itresemblesftldsparinthecompositionbuta slightenrichmentofMg，（2）  

fassaiticphase；itexistsamOng feldspadlicphase，and（3）Fe，Ca－richassemblages；itscatters  

betweentwofbrmermqOrCOmpOnentS・CompositionofeachmesostasiscomponentisglVenin  

Tables3・2すanddleanalyzedpolntSareShowninFig・3・6・Numeroussubmicron－Sizegrainsof  

Fe，Ni－metalorsulfidearethereinthespacesbetweencomponentsofmesostasisandscatterinside  

mesostasiscomponents．   

nleinnerrimmaybeclassifiedintocoarSe－grainedchondrulerimsdescribedbyRubin（1984）．  

Rubin（1984）defineddleCOarSe－grainedrimas dlerimthatcomposedprimari1yofolivineand  

low－Capyroxene（～4匹nlinsize）．AbouthalfofchondrulesinCV3chondritesaresurrounded  

WidlSuChrimsdlatPrObablyfbrmedbyheatmgclumpsofopaquematriⅩmaterialfromsub－SOlidus  
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to sub－1iquidus temperaturesindle SOlarnebula（Rubin，1984）．TYlethickness oftheinner  

COarSe－grainedrimrangeSfrom－200匹mtO～500pm・TYleinnerrimmain1yconsists ofzoned  

POrPhyriticolivinegrains（～25脚ninsize）widlminoramOuntS Oflow－Capyroxene．Several  

Smallclumpsofpyroxenearedis打ibutedalongtherimoftheinnerrim．TYleanalysesofolivine  

grainsandpyroxenesareglVeninTable3・3，andtheanalyzedpolntSareShowninFig・3・7・The  

averagefbrsteritecontentsoftheMg－richcoreandFe－richrimoftheporphyriticolivinegrainsare  

－Fo90and－Fo70，reSPeCtively．   

ManyfluHyopaqueinclusions（FOIs）areSCatteredallovertheinnerrim．TYleFOIsare～10to  

210匹mindiameter．TYleyCOnSistof仕■Oilite，Pendandite，magnetite，andFe－Nirichmetaland  

interstitial01ivineorpyroxene（Eisenhouretal，1994）．TYleratioofdleCOnStituentnheralsis  

difftrentfromeachFOI，SOtherati00ftheFeandScontentsvariesfromFOItoFOI．   

TYleOuterrimisFe－richandmaybeclassifiedintoFe－Nimetal－richchondru1erimsdescribedby  

Kring（1991）・Theouterrimvariesinwidthfrom－60to130pm・¶lerimispepperedwithsilicate  

inclusions（e．g．，fayalite）．TYlistypeisprobablydlereSultofdleaCCretionofmoltenFe，Ni－metal  

OrSulfidedropletsthathaddlemSelvesaccretedfine－graineddustthatwas dispersedinthesolar  

nebulagas（Kring，1991）・TYlePOrOSityoftheouterrimofAl－2b－1BOCishigherthan血oseof  

typicalFe，Ni－Ⅰ職tal－richchondrulerimsdlathavenoorlideporosity．TYledistributionofsulfur  

isheterogeneousintheouterrim（ShowninFig．3．2d）．  

3．1．2．ThespinelgraininAl－2b－1BOC   

Ⅵ1eCOarSe，SubhedralspinelgrainisthemostconsiderablefeatureofAl－2b－1BOC．ⅥleBSE  

imageofdleSpinelisshowninFig・3・8・Thespinelgrainisexb：emelylarge，～290LLminwidth・  

Thespinelgraincontains aFe，Ni－metalspheru1e（－5．7pmindiameter）andCa，ju－richsilicate  

inclusions．   

CompositionsofthespinelareglVeninTal）1e3・4，andtheanalyzedpolntSareShowninFig・3・9・  

ThecorecomposidonofthespinelgrainisthealmostpureMgA12Q．，buttherimofthespinelgrain  

isrichinFeandCr・¶leCOnCenb・ationmapsofthem往IOrelementsareshowninFig・3・10・  

TTleSPinelgrainexhibitsFe－ZOning（Fig・3・10b）anddledistinctCrNZOningstruCture（Fig．3．10d）  

atdle rimpart・The widdlOfdleFe－richrim（FeO～7・4wt・％）rangeSfrom4LLmtO・dOpn，  

WhereasthewidthoftheCr－richrim（Cr203～3・2wt・％）isupto30pm．¶leboundarybetween  

thespinelgrainandmesostasisshowsaserrateoudine（Fig．3．‖）．   

TheFe－emichmentsincracks，WhichisprobablytheresultofdleSurfacediffusionduringthe  

metamOrPhismintheparmtbody，arealsoobserved（Figs・3・8and3．10b）．¶leSPinelgrain  

COntainsaFe，Ni－metalspheru1e・TYleCOmPOSitionofaFe，Ni－metalspheru1eisglVeninTable  

3・5・¶ledetectionofAlandMgofdleanalyticaldataofdlisFe，Ni－metalspheruleisprobal）1y  

duetofluorescentX－rayfromthesurroundingsplnel．   

Thesilicateinclusions（SIs）areSeeminglyenclosedbythespinel．BSEimagesofSIsare  

ShowninFig・3・12・1meboundariesbetweendleSurrOundingspinelandsilicateinclusionsare  

Jagged，Whichis simi1arto血eboundarybetweendleSPinelgrainandsurroundingmesostasis・  
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JudgedfromtheBSEimages ofdleSilicateinclusions，thespinelportionscontactlngWithdlOSe  

Silicateinclusionsmaybeenrichediniron．¶1eaVerageWiddlOfFe－richportioniswidlinaftw  

mlCrOnS．   

TYleanalysesofdleSilicateinclusionsareglVeninTable3・6，anddleanalyzedpointsareShown  

inFig．3．13．Thecomparisonsofthecompositionofftldspathicphasebetweenmesostasisand  

thesilicateinclusionsareglVenFig．3．14．¶leCOmParisonsoffassaiticphasesbetweenthemare  

ShowninFig．3．15．Thecompositionandcation－OXygenratiosofthoseinclusionssupportdlat  

feldspadlicphaseofthoseinclusionsresemblethoseofmesostasis・TYleratios ofelements of  

fassaiticphasearedifftrentbetweenthesilicateinclusionsandmesostasis，althoughTi－bearlng  

Phaseofthesilicateinclusionsresemblethemesostasisqualitatively・   

TheSI－1canbeseparatedinto員vepartSbytwodifferentsilicates；the托1dspadlicandMg－rich  

Silicatephases．「meftldspadlicphasescontainalargeamOuntOfmagnesiumhanthoseofpure  

ftldspar．nleMg－richsilicatephasesarerichinMg（〝40wt．％）andarePOOrinAlandCa．The  

boundariesbetweentheftldspathicphaseandMg－richsilicatephasearenotclearintheBSEimage，  

butdleCOnCenb．ationmapofMg（Fig．3．10a）shows dleSeSilicatearequitedifferentfromeach  

Other．TYlereisaFe，NiqsulfidegrainbetweenSI－1andthesurroundingsplnel．   

BothSI－2andSI－5mainlyconsistoffeldspadlicphaseandfassaiticphases．TYlePhaseinthe  

CenterOfSI－5isricherinMgdlanftldspadlicphasesurroundinglL SI－3main1yconsists of  

ftldspadlicphase．ThereareSeVeralgrainsofTi－bearlngSilicatephasesinSI－3．SI－3contains  

manyFe，Ni－metalorsulfidenuggets・Compositionaldisb・ibutionofSI－4isfairlyhomogeneous  

than血oseofother silicateinclusions・SI－4is slighdy richinTi，叫gandFeand resembles  

fassaiticphaseofmesostasisqualitatively．  

3．1．3．OxygenisotopiccompositionsofAl－2b－1BOC   

TheresultsofoxygenisotopICanalysisfbrthem叫OrPhasesinAl－2b－1BOCareSummarizedin  

Table3・7andplottedinFig・3・16・nleanalyzedpolntSareShowninFig．3．17．   

TYlemean817QsM。WValueanddlemean8180sM。WValueofolivinesinthecoreofAl－2b－1BOC  

are－12・6±2・0％oand－10・0±1・8％0，reSPeCtively．¶leOXygenCOmPOSitionofolivinesinAl－2b－1  

BOCcoreisclosetothoseofcoresofisolatedfbrsteritegrains（817QsM。Wだ－12％0，8180sM。Wだ－9％0）  

intheAllendemeteoriteWeinbruChetal．，1993）．   

TYlemean817osM。WValueofthecoreofdleSpinelgrainis－14．9±0．4‰，anddlemean818QsM。W  

Valueis－12・8±1・5％0・TYlemeanOXygenisotopiccompositionofdleCOreOfdleSPlnelgrainis  

almosthomogeneousandveryclose todlOSeOfolivines・¶leSPatialdistribudonofoxygen  

isotopiccompositions ofthespinelrimdisplaysno systematicpattern，aldlOugh dleanalyzed  

ValuesofdlerimareclosetothecompositionofthecoreofdleSPinelgrain・TYlemean81QsM。W  

Valuesincludedthevaluesoftherimare－15・1±1・6％oand－14・9±1．4％0，reSPeCtively．   

TYleOXygenisotopiccompositionofolivinesanddleSPinelgraininAト2b－1BOCpractical1ylie  

Onthe mass－independent CCAM（Catbonaceous ChondriteAnhydrous Mherals）mixingline  

determined by Clayton etal．（1983）．However，dle OXygenisotopIC COmPOSitions of dle  
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fbldspa血icmesostasisscatteralongdleC2fractionationlinewhoseslopeis～1／2（Claytonetal．，  

1977）．  

3．2．Properties ofAL95・2－1・CDL．1compound chondrule－POIobject   

AL95－2－1－CDL．1isatypicalcompoundchondru1e．ThewholeBSEimageofthischondru1eis  

ShowninFig．3．18a，andtheroughinterpretationofthetexhlreisshowninFig．3．18b． This  

Chondru1eis categorized asthe consorhg compound chondrule based onthe na加re ofthe  

SeCOndary（Wassonetal．，1995）．TYlePrimaryOfCDL・1，Whichwererigidenoughtoretainits  

Originalshapeatthetimeoffusion，COnSists offerromagnesianminerals whichareCOmmOn tO  

almostallofchondru1es・αltheotherhand，dleSeCOndary，Whichhadviscositylowenoughto  

allowittoconfbrmtOdleSh叩eOftheprlmaryinthesuturezone，COnSistsofCa，ju－richminerals  

WhichareincludedinCAIbodies．ⅥlePrOPertiesofthesecondaryofCDL．1resembles血oseof  

POIs，thatconsistofplagioclase，01ivine，PyrOXene，andspinelinvariousproportionsandrange  

from plagioclase－rich to olivine十rich（Sheng et al．，1991）．The CDL．1may possibly be a  

COmpOund chondrule－POIobject，and canbe categorized as the“independent”compound  

Chondru1econsistingofn鳩mbershavingsignificandydifftrenttexturesorcomposi也ons（Wasson  

etal・，1995）・However，thepropertiesofeachmemberofCDL．1areunuSua11ydifftrentfromthe  

Otherinalmostallrespects，andacompoundchondru1e－POIo句ecthavenotbecnreportedunti1  

nOW．   

ThesecondaryPOIsphereincludes manySPinelgrainswhichareaPParendytherelictphase・  

ThosespinelgrainsmayhaveonglnatedfromCAIs．  

3・2・1・ThepnmarySPhereofAL95－2－1－CDL．1compoundchondru1e   

TheprimarySPherecanbedividedintotheporphyriticolivine（PO）coreandtheporphyritic  

PyrOXene（PP）rim・TheprimarySPhereitselfcanbecategorizedastheenvelopingcompound  

Chondrule，and canbealso classified astheindependentcompound chondrule owlng tOthe  

divergenceofthemineralcompositionbetweenthePOcoreandthePPrim（Wassonetal．，1995）．   

The bulk composition oftheprlmary SPhereis showninFig3・19・The POcore has a  

COmPOSitionon也eedgeofdlefieldofchondrules，WhereasthebulkcompositionofthePPrim  

OVerlapswiththeneldofCa，Al－richchondrules．   

TheX－raylmageSOftheprlmarySPhereareShowninFig3・20・Mgconcentratesin血ePO  

COreOWlngtOanabundanceofolivines，and血ePPrimisricherinCaandAlthanthePOcore．  

NaconcentratesindlemeSOStaSisofthePPrim．   

The PO core（Fig・3・21）is spindle－Shaped（1200pm x830LLm）．TYleanalysis ofthe  

COmPOnentSOfolivinesindlePOcoreisglVeninTable3・8・TheanalyzedpolntSareShownin  

Fig・3・22，thatshowsdleal1polntSOfthequantitativeanalysesofCDL・1・TYlePOcoremain1y  

COnSistsofporphyriticolivinegrainsdlatrangefrom～40pmto～210mmindiameter．Theolivine  

grainsareunzonedandfbrsteritic（～Fo98）．   

ⅥleabundanCeOfmesostasisindlePOcoreis～20vol・％・Tbecompositionofthemesostasis  
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inthePOcoreisglVeninTable3・9・TYlemeSOStaSisinthecoreisfeldspathicand scarCely  

containssodiumandchlorine．ManyFe－Nisulfidespheru1esandfluffyopaqueinclusions（FOIs）  

arearrangedalong血eboundarybetweenthePOcoreanddlePPrim・TY10SeSPheru1esrangeS  

from～10pmto～120pmindiameter・¶lereareftwFe－NisulfideblebsinthePOcore・   

TYlethickPPrimpartial1yenvelopsdlePOcore・ThemaximumthicknessofthePPrimis  
イ70pm・ThetextureofthePPrimisshowninFig・3・23・TYlePPrimmain1yconsistsof  

PyrOXeneSWithasmal1amOuntOfolivine・Pyroxeneincludedinchondru1esiscorrmonlyCa－  

POOr，andCa－richpyroxeneisam血）rPhaseinchondru1es（Grossmanetal・，1988）・However，  

thePPrimcontains alargeamOuntOfCa－richpyroxene・TYleirregular－ShapedFe－Nisulfide  

blobsandtheNa－richmesostasisexistamongtheftrromagnesiansilicates．   

TYle analysis ofpyroxeneindle PP rimis glVeninTable3・10，andthevariation ofdle  

COmpOSitionsofpyroxenesisshowninFig・3・24・MostCa－pOOrPyrOXeneShaveaporphyritic  

appearanCe（40－70LLmindiameter）．CaLrichpyroxenesexhibittheappearanCeOfladlS（90－370pm  

in1engdl）．Some pyroxeneladlS Canbe dividedinto Ca－POOr PyrOXene COreS and Ca－rich  

PyrOXenemantles．   

TYleOlivinegrainsexistalong血eboundarybetweendlePPrimandmab：ix，andindleinner  

reglOnOf dle PPrim．The olivine grainsrangefrom－40pmto～100LLmindiameter・Ⅵle  

COmPOSitionofolivinesinthePPrimisglVeninTable・3・11・Theolivinegrainsalongdlerim－  

matrixboundaryarefayalitic（～Fo67）血roughout dlegrains・TYle Olivinegrainsintheinner  

reglOnOfdlerimhaveFe－MgzonlngStruCture・Thecoresoftheolivinegrainsare－Fo85，and  

therimsare＿Fo65．   

TbeanalysisofdlemeSOStaSisinthePPrimisglVeninTable3．12．TYleenrichmentofsodium  

andchlorinemaybeduetothealterationreactionwiththesolarnebulargaS（IkedaandKimura，  

1995）．MostmesostasisinthePPrimcontainslO～18wt．％Na．Themesostasisin血ePPrim  

Canbedividedintotwozones bytheCIcontent：dleOutermOStCl－freerrwsostasis zone（170－  

200匹minwiddl），theCl－bearingmesostasiszone（200－250pminwid血），andtheinnermOStCl－  

fh：emeSOStaSis．TYleCl－beanngmeSOStaSiscontains3－7wt．％Cl．   

ManyFe－Nisulfide spheru1es andfluffy opaqueinclusions（FOIs）are arrangedalongthe  

boundarybetween血eprlmarySPhereanddleSeCOndarySPhere．Thosespheru1esrangesfrom  

－30LLmtO～160pmindiameter．Aftwpl？gioclasesareexistattheboundarybetweendlePrlmary  

SPhereandthesecondarysphere（Fig．3．25）．TYleSePlagioclasesareadjacenttoplagioclasesin  

thesecondarysphere．¶leCOmPOSitionsofplaglOClasesindlePrlmarySPhereareglVeninTable  

3．13．  

3．2．2．ⅥleSeCOndarysphereofAL95－2－1－CDL．1compoundchondru1e   

ThesecondarysphereofCDL・1consistsofpyroxene，PlaglOClase，Olivine，SPlnelandnepheline．  

mesecondarySPhereisspheroidal（1900pmx1400LLm）・TYleteXtureOfthesecondarySPhereis  

Sub－OPhitic．TYle X－rayimages of dle SeCOndary sphere are showninFig3．26． TYle  

COmPOnentSOfelen肥ntSindleSeCOndarySPhereisobviouslydifftrentfromdlOSeOftheprlmary  
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SPhere．Thebulkcomposition ofdleSeCOndarysphere（Fig．3．18）overlaps withthefieldof  

POIs．   

ThemheralcompositionofthesecondarySPhere（Fig・3・27）resemblesdlOSeOfGroup2POIs，  

Whichcontainminorspinel（＜5％）andabundantplagioclase（30－60％）（Shengetal．，1991）．The  

SeCOndarySPherecanbecategorizedasaGroup2POIfromthemineralcomposition，althoughdle  

OCCurrenCeOfsecondaryPhasessuchasnepheline，SOdaliteandhedenberglteisqultereStrictedin  

POIs（Shengetal．，1991）．   

RandomiyorientedpyroxenelathsdominatedleSeCOndarysphere（～34vol．％）．Ⅵleanalysisof  

PyrOXeneSinthesecondarysphereisglVeninTable3・14・TYleVariationofthecompositionof  

PyrOXeneinthesecondarySPhereis showninFig・3・28・MostofpyroxenesindleSeCOndary  

SPhere are Ca－rich．Ca－POOr PyrOXeneS eXist asthe cores of Ca－rich pyroxenes．Ca－rich  

PyrOXeneCOntainssmallamOuntOfA1203（～3・3wt・％）andTiq2（～1・5wt．％）．Ca－POOrPyrOXene  

COntains～1・5wt・％ju203and～0・6wt・％Ti02・   

PlagioclaselathsareabundantneardlerimofdleSeCOndarysphere・Olivines，PyrOXeneSand  

SPlnelgrainsarePOikilidcallyenclosedbytheplagioclaseassemblage・Nephelinegrains exist  

between plagioclaseladlS・ Plagioclase cons什ucts ～25vol・％ ofthe secondary sphere・  

PlagioclasecompositionindleSeCOndarysphere rangesfrom～An88to一An100（Table3．15），  

WhichisincludedinthoseofplagioclaseinPOIs（An82－An98）ratherthanthoseofplagioclasein  

Ca，Al－richchondrules（Shengetal・，1991）・Plagioclasecontainsasmal1amOuntOfMgO（0－  

0．7wt．％）andFeO（0．2－1．6wt．％）．   

Olivineinthesecondarysphereisaminorphase（－4・3vol％）・OlivinegrainsareenClosedby  

Plagioclaselaths，andsomeofolivinegrainsareincontactwithCa－richpyroxenesorspinels．  

TYleBSEimageoftheolivineclusterinthecoreofthesecondarySPhereisshowninFig3・29・  

MostolivinesarePOrphyritic（20～180pmindiameter），and someofdlemhaveanelongated  

appearanCe・TYleCOmPOSitionofolivinesinthesecoIldarysphereisglVeninTable3・16．Center  

PartOftheolivinesindleCOreOfthesecondarySPherearefbrsteritic（」了095），anddlerims of  

OlivinesareSlightlyFe十rich（」了093）・¶leXTrayimagesofdleOlivineclusterareShowninFig  

3・30・IndividualolivinegrainshavetheFe－MgzonlngStruCblre，andasawhole，Olivinegrains  

neartherimofthesecondaryspherearericherinFedlanOlivines（Fig．3．30b）．Thecomposition  

OfthecoreanddlerimoftheolivinegrainwhichistheclosesttodlerimareFo92andFo86，  

respectively・αivinegrainsatthecore－rimboundaryareslighdyFe十rich（～Fo79）．TYleSizeof  

OlivinegralnSatthecore－rimboundaryrangesfrom～20pmto〃70匹n・   

Nephelineis a m年ior constituentofthe secondary SPhere（－30vol％）and exists as mab・ix  

SurrOunding other phases・N印helineis apparently dle SeCOndary Phase as a resultofthe  

anhydrousalterationdlatPlagioclasesreactedwithanebulargasattemperaturesprobablylower  

than800K（IkedaandKimura，1995）・TYlereforeplagioclasemayhaveoriginal1yoccupiedmore  

thanahalfofthesecondarySPhere・Nephelinesinthesecondaryspherecanbedividedintothe  

threezonesbydleCIcontentsandtheportionsinthesecondarysphere（Fig．3．26f）：theoutermOSt  

Cl嶋POOrnePhelinezone（～170脚Tlinwiddl），theCl－bea血gnq）helinezone（200～250pminwidth），  
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andtheinnermOStCl－POOrnePhelinedomaininsidetheCl－bear1ngnePhelinezone・Theanalysis  

OfnephelinesinthesecondarysphereisglVeninTable3・17・¶leOutermOStCl－POOrnePheline  

ZOneSCarCelycontentschlorine（－仇02wt．％Cl）．TheCl－bearingnephelinezonecontents5・0－  

7．9wt．％Cl，aldlOughthedis扇butionofClinthiszoneisheterogeneous・Nqphelinesinsidethe  

Cl－bearing nepheline zone contents a smallamOuntOf chlorine（欄．8wt・％Cl）・However，  

nephelines betwecn plagioclaselaths containalarge amOuntOf Cl（2・7－7・Owt・％Cl）・The  

OutermOStCl－POOrnePhelinezoneandtheinnemostCl－POOrnePhelinedomaincontainsasma11  

amountofpotassium（～1．4and－1．5wt．％K，reSPeCtively），WhereastheCl－bearingnephelinezone  

SCarCelycontainspotassium（Fig．3．26gandTable3・17）・   

SpinelindleSeCOndarysphereexistsintherimandintheplag10Claseassemblage・TYleBSE  

imageofthespinelclusterintheplagioclaseassemblageis showninFig・3・31，andtheX－ray  

imagesofthespinelclusterisshowninFig・3・32・ThecompositionsofspmelsareglVen  

Table3．18．ThespinelgrainsappeartObestronglycorrodedtexture，WhichisthecharaCterOf  

SPinelsinGroup2POIs（Shengetal．，1991）・ThespinelclustercontainsO・6－2・8wt・％Cr2P3  

andO．4－3・Owt．％Tiq2．Thedisb．ibutionofthese componentsinthesplnelclusterexhibitno  

SyStematiczonlngStruCture．TbeirondistributioninthesplnelclusterexhibitthezonlngStruCture。  

TYleSPinelgrainsneardlerimareFe－rich（～14wt．％FeO）．Theoriginofthezoningresultsofthe  

Penetration ofFe－rich materialfromthe nebulargaS．Theisolated spinelgrain（Fig．3．33）  

apparentlyexhibitsthecorroded叩PearanCe，Whichisthesameftatureasthesplnelcluster．TYle  

isolatedsplnelgrainhasFe－MgzonalstruCturejudgedfromBSEimage．However，unfbrtunately，  

thewidthofthezonlngOfthissplnelgrainistoothintobecarriedoutthequantitativeanalysis．   

¶leSPlnelgrains alongdlerimareSubhedral，andrangefrom一名LLmtO－20LLmindiameter．  

ThesespinelgrainsarerichinFe（7－19wt・％FeO）・Tnesepropertiesofthespinelgrainsinthe  

rimaredifftrentfromthoseofboththespinelclusterandth占isolatedspinelgrain．   

Tbemultilayeredrimpartiallysurroundsthesecondarysphere・TYleWholeBSEimageofthe  

multi1ayeredrimisshowninFig・3・34a，andthedetailedBSEimageoftherimisshowninFig・  

3・34b・nleWidthoftherimis～170匹m・TYlerimsequenceisasfbllows，fromoutermOStlayer  

（incontactwithmatrix）toinnermOSt（directlyoverlyingdleSeCOndarySPhere）：Ca－richpyroxene  

andFe－Nisulfide（－70Ll巾），nePheline（～20LLm），PlagioclasepepperedwithFe－richspinelgrains  

（一80llm）・「memulti1ayeredstruCtureOftherimisresb・ictedintheportionshowninFig．3．34a．  

Intheotherportionoftherim，nOthingbuttheoutermostlayer（PyrOXene＋Fe－Nisulfide）existsor  

thepyroxenelathsaredirectlystuckoutatthesecondarysphere－matrixboundary・  

3．2．3・OxygenisotopICCOmPOSitionofAL95－2－1－CDL．1   

¶lereSultsofoxygenisotopICanalysisfbrthem年IOrPhasesindleSeCOndarysphereofCDL・1  

areSummarizedinFig・3・35andthe8170sMOWanddle8180sMOWarelistedinTable3・19・The  

analyzedpolntSareShowninFig．3．36．   

Themean8170sMOWValueandthemean8180sMOWValueofolivinesinthesecondarysphereof  

CDL．1are－16．9±1．6％oand－14．7±1．8％0，reSpeCtively．¶leerrOrSareStandarderrors（10）of  
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themeanValuesofindividualmeasurements．The810sM。WValuesofolivineinthecoreofthe  

Prlmary SPhereare－14・2±3・1％0and－10・8±2・1％0，reSPeCtively・TYlereare nO SyStematic  

differencefbrtheisotopICCOmPOSitionbetweenolivinesofdlePrlmarySPhereanddleSeCOndary  

SPhere．Tbe81QsM。WValuesofolivinesinbothspheresoftheCDL・1compoundchondruleare  

closetothoseofolivinesintheAl－2b－1BOC．   

Themean8qsM。WValuesofpyroxenesinthePPrimofdlePnmarySPhereare817QsM。W＝－  

13．8±0．2％oand818qsM。W＝－12．4i＝0・8％0，reSPeCtively・α1theotherhand，themean8QsM。W  

valuesofpyroxenesinthesecondarysphereare8170sMOW＝－12・5±1・3％0and8180gMOW＝－  

11．8±1．4％0，reSPeCtively．Ⅵlereisnodifftrenceofthem：an810sM。WValuesbetweenCa－ri血  

PyrOXeneandthatofCa－POOrPyrOXene，andbetweenthe prlmary SPhereandthe secondary  

SPhere・   

TYlemean8QsM。WValuesofanorthitesintheprlmarySPhereare817QsM。W＝－1・8±1・2％0and  

818QsM。W＝2．OiO．7％0．TYleisotopICCOmPOSitionofanOrthiteintheprlmarySPhereisveryclose  

tothe81qsM。WValuesofanOr也itesofaTypeBCAI（Claytonetal・，1977）・Themean8qsM。W  

valuesofthesecondaryalteredphase，nePhelineare8170sMOW＝－4・2±2・8％oand8180sMOW＝  

0．0±2．4％0．TYleerrOrSareStandarderrorsofdle（1o）ofdlemeanValuesofindividualcyclesof  

theanalysISOfthenepheline．   

Themean817qsM。WValueofdleCOreOfdleSPinelgrainis－34・3±1・3％0，andthemean818QsM。W  

Valueis－30．5±1．8％0．TYleSe80sM。WValuesareCOmParativelyclosetodlOSeOfspinelsincluded  

intypicalTypeBCAIs（817qsM。W＝－40％oand8180sM。W宝－40％0）indleAllendemeteorite  

（Claytonetal．，1977）．TYleSPinels evidendyexhibittheanOmalyagainsttheo血erphasesin  

CDL．1compoundchondru1e．  
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4． Discussiom  

4．1 ThespinelgraininAl－2b・1   

TheserratesurfaceofspinelcrystalofAl－2b－1BOCmaybedleb：aCethatthespinelgrainwas  

meltedtosomedegreeatthesurfaceduringthechondru1efbrmation・TYleAl－2b－1splnelgrainis  

COnCeived asthe relictmheralwhich growninthe previous stage preceding血e chondru1e  

fbrmation．However，dleSPinelgrainmay betheprlmaryPhasethathavecrystal1izedindle  

moltendropletofthechondruleprecursors・  

ItisconsideredthatdleChronicleofthisspinelgrainmaybepossibletoanalyzebasedonthe  

COmParativestudyofFeandCrzoningprofilesalongtherimpart（Fig・4・1）・Moreover，the  

OXygenisotopICCOmPOSitioncanbetheinconb・OVertibleevidencewhedlerthesplnelgraininAl－  

2b－1istherelictphaseorthepnmaryphase・   

TherearetWOPOSSiblemechanismsfbrconsideringtheorlglnOfFeandCrzonlngSindleAl－  

2b－1splnelgrain；ZOnlngbyovergrowthmechanismandzonlngbydiffusionmechanism・Atfirst，  

theverificationwhetherdleSPinelgraininAl－2b－1istherelictphaseortheprlnWyPhaseis  

Carriedoutfromthedis仕・ibutionofFeandCrintheAl－2b－1spinelgrain．Secondly，dleOXygen  

isotopiccompositionsofthem年IOrPhasesinAl－2b－1isdiscussed．  

4．1．1 DifnlSionmechanismmodel   

TYleFe－MgzonlngS什ucturemayhavebeengeneratedbydiffusionalreplacementofMginthe  

SPinelwidlFeinasurroundingliquidduringthefbrmationofthechondru1e・Simi1arZOnlngOf  

SPinelinaBOChasbeendiscussedbyMisawaandFujita（1994）・Thewidthandshapeofthe  

Fe－Pene仕－ationrim glVeS dle reStriction fbr dle maXimuminitialtemperature ofthe melt of  

ftrromagnesianPreCurSOrdustoftheAl－2b－1coreahdthecoolingrate．   

Thefirstapproximationwascalculatedonthebasisofacompressedtimescale（hsaga，1983）．  

TYlediffusionofaspeciesinasolidisgovernedbythefbllowlngrelation：  

Ⅹ2＝胡）t′  
（4．1）  

WhereXisthediffusiondistanCe，Disthe diffusioncoefncientofFeinspind，andt’isthe  

COmPreSSedtime．mecompressed也met’isde鎖nedbythefbllowlngI℃1ation：  

t′＝Ltd（て）dて  

（．．2，  

Wheretisthetime．Thediffusioncoe甜・Cientusedindlefb1lowlngCalculationwasdeducedfrom  

theresultsbfFreerandO’Reilly（1980）：  

D［m2sTl］＝39．6exp（－373［kJmol－1】／RT），  （4．3）  

WhereRis血egasconstant（8・314J・mOl－1・K－1）andTis血eabsolutetemperature［K］．Foranear－  

1ineartemPeraturedecreaseofT，dlefbllowlngrelationistaken：  

1＋（St／To）  （4．4）  

WheresistheinitialcoolingrateatdleinitialtemperatureTL・CouplingEqs・（4・3）with（4・4），and  

15   



t→∞，thefbllowlngequationistaken：  

竺玉   
t′＝   

Eas  （4．5）  

whereEisthediffusionactivationenergy（373kJmol．1）． a   

judlOugh血eironpeneb：ationandthemeltingmayhaveoccurredsimultaneOuSlyatdleSurface  

Ofspinel，thefbllowlngargurrmtisassumedasthesimplecasethatthemeltingoccurredafterthe  

ironpenetration．   

¶le Calculated cooling rate curveS Ofa spinelcrystalplotted as afunction of dleinitial  

temperatureToanddlePenetrationdepthofFeareShowninFig・4・2withthecoolingrangeOf  

BOCsdeterminedbytheexperirrmtalstudiesofI・OfgrenandLanier（1990）・Theyshoweddle  

barred－01ivinetexturehasbeenreproducedwithdlemeltingtemperaturesof1773－1973Kandthe  

COOlingratesof500－2300Kperhour（I．ofgrenandI・anier，1990）・IfdlePeneb：ationofFeinto  

SPinelprogressedundertheconditionofdleBOCfbrmation，thepene仕－ationdepthrangeSfrom  

－420甚mtO～3600pm．Time（SeCOnds）fbr whidthe observed Fe－Peneb’ationdepthand dle  

estimatedpenetrationdepdlCanbeachievedarePlouedinFig・4・3asafunctionofTo・ⅥleFe－  

MgzonlngteXtureCanbeaccomplishedwidlintherangeOf－8・4secondsto～2．3hoursinrangeOf  

dleeXPerimentalBOCfbrmation．Wasson（1992）hasarguedthatthedurationoftheheatpulse  

must beless than100seconds to avoid volatileloss from chondru1es． Moreover，the  

ftITOmagneSianmeltshouldhavebecomeabovedlemeltingtemperatureQfspineltogeneratethe  

SerrateOudinebetweenthespinelgrainanddlemeSOStaSis．Spinel，dleliquidus phaseofdle  

COmPOSitionofTypeBCAls，beginstocrystallizeat－1823K（StoIper，1982），thusdlemelting  

temperatureofspinelis assum引1－1823K・FollowlngdleSeargumentS，dleSuital）lepeneb・ation  

depthrangeSfromイi80pmto－1・5mm，andthentheactualsizeoftheinitialAl－2b－1spinelgrain  

mayhavebeen～1．5mmto－3．2mm．   

TheFe－MgzonlngS仕uctureindleAl－2b－1spinelgrainmayhavebeenaccoITPlishedduringdle  

Chondru1e－fbrmlngeVent，andtheAl－2b－1spinelgralnmaybetherelictCAl－1ikephase．   

OndleOdlerhand，dleCr－ZOnlngteXtureShowedan0thercharacterisdcoftheAl－2b－1spinel  

grain．TYlemaXimumwiddlOfCr－richrimisal）Out30LLm・α1theassumptlOnthatdleenrichment  

inCralongdlerimistheresultofthepeneb．ationfromdleOutSideofdleSPinelgrain，dleCOndition  

OfthediffusionprocesscanbeestimatedbyuslngdleSamemethodasthatofFe－Mgdiffusion．  

ThediffusioncoefficientofCrinspinelfbrdlefbllowlngequationwasdeducedfromtheresultsof  

StubicanandOsenbath（1984）：  

D［cm2s‾1】＝2．4512・10－2exp（－337［kJmol．1］／RT），  

WhereRisthegasconstant（8・314Jmol－1Kl）andTistheabsolutetemperature［K］．  

（4．6）  

Itis cleardlat dleObservedpenetrationdepthcouldnotbeachievedinthetemperatureand  

durationrangeOftheBOCfbrmationconditionasshowninFig．4．4．TYleCr－Penetrationintodle  

Al－2b－1spinelgrainmusthaveoccurredinaneventthatwasquitedifferentfromtheformation  

COnditionofdleAl－2b－1BOC・ⅥlePOSSibilityofdlethermalmetamOrPhismindleParentbody  

Canbe avoided becausethe observed penetration depthcannOtbe accomplishedinsuchlow  
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temperatureenvironment・TYleCr－diffusionfromthenebulargaswhilethespineldriftingindle  

SOlarnebulamaybemoreplausible・IfdleSizeofdleSPinelgraindriftinginthesolarnebulawas  

initial1ylarger血andlemhimumsize（－1・5mm）approximatedabove，dleCr－Pene＆ation depdl  

Shouldhavebeenover650pm・Timecurve（years）fbrwhichtheobservedCr－Pene仕■ationdepdl  

（一30Llm）couldbeaccomplishedis showninFig．4．5asfunctionoftemperahlre．TYleinitial  

temperatureabove～1200Kshouldbeneededfbr血eCr－Peneb．ationatadepdlOf′竜50匹mWidlin  

dleliftofthesolarnebula，Whichlastednomorethan106yearS（WoodandMo鵬1l，1988）．αl  

theotherhand，dletemPeratureOfdlenebulargaSmuSthavebeenbelowthemeltingpolntOfspinel  

（1823K）．At1823K，mOrethan6yearsshouldrequirefbrtheCr－Penetrationoverthedepthof  

650pm，andtheCr－Peneb：ationatthedepthofl・5mmwouldbeachievedindledurationof－33  

yearS・¶leeStimated durationdlattheCr－Pene仕ation has beencarried outis exb：emelylong  

COmParmgthe completion ofthe Fe zonlng teXture．The periodthattheinner solarnebula  

remainedsufnciendyhothasnotlastedsolong，anddleenergeticturbulencewouldhavesweptout  

thespinelgrainfromthehotregionwithoutdifnculty・Therefbre，itseemsnoteasythatthespinel  

grainstayedindlehotnebularregionunti1uleCr－Peneb・ationintotheassumeddepth（＞650pm）  

havebeenachieved．   

TYlemOdelthattheCr－PenetrationintodleSPinelgrainhasbeenachievedindlehotsolarnebula  

isratherimpracticable，althoughdlereisnoproofwhetherthediffusioncoefficientdeducedfrom  

StubicanandOsenbath（1984）isreasonableornotfbrtheaboveestimationunfbrtunately．  

4．1．2．Overgrowthmechanismmodel   

AnodlerPOSSibilityoftheFe，Cr－richspinelrimfbrmationistheovergrowthafterthespinel  

graincapturedindleftrromagnesianmOlten droplet・Actually，POIs containabundantSPinel  

grainswidlCr－ZOnlng・ThesespinelinPOIsmayhavesurvivedthecompletemeltingdlrOugh  

POIformation，andtheCr－richmandesonCr－POOrSPinelinPOIswereevidendylateovergrowths  

OntheMgspinelcores（Shengetal・，1991）・ⅥleCr－POOrSPinelcoresofPOIsusuallyhavea  

COrrOdedq）PearanCe，WhereastheCr－rich mandes assumeeuhedralto subhedralfbrmS．This  

featureissimilartOthatoftheAl－2b－1spinelgrain・However，theFeandCr－ZOnmgPrOnles  

ObservedintheAl－2b－1spinelgrainhavedistinctftaturesfromdleOVergrOWthzonlngPrOfile，  

Whichhavetohavedrastica11y changeSattheinterfaceamOngthemandeanddle COre・Ⅵlis  

divergence can be explainedthattheinterdiffusion has occurred between dle Fe，Cr－rich  

OVergrOWthlayer andtheFe，Cr－POOr SPlnelcoreby dle heatlng eVentSuCh as dlethermal  

metamOrPhismintheparentbody・TYlerangeOfthermal汀妃tamOrPhismintheA11endeparent  

bodyesdmatedfromtheresultofWeinbruChetal・（1994）・Theestimatedupperlimitofpeak  

metamOrPhic temperaturesis600K（diffusion coe租cientsfrom Buening and Buseck，1973），  

assurr皿gadurationofdledlermaleventoflO6yearS・IfdlemaXimumwidthofFe，Cr－richrim  

OftheAl－2bMIspinelhasoriginallybeen～30pmfromtheobservedwidthofdleCr－richrim，Fe  

Peneb・ateS－5×10－3pmtowardthecoreofthesplnelgrain，andCrpenetrates～5×10－5世natthe  

aboveconditionof也e蝕ermalmetamOrPhism・BodlFeandCrcanscarcelypeneb・ateintospine1  
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atatemperatureof600Kfor血edurationoflO6yearS・However，dlemaXimumwidthoftheFe－  

richrimintheAl－2b－1spinelis60pm，andtheFe－ZOnlngPrOfiledoesnotexhibitthedrastically  

ChangeattheinterfaceamongthemandeanddleCOre，butexhibitsthegradualchange（Fig．4．1）‥  

TYlemOdeldlattheFe，Cr－richovergrowthmayhaveformedontodlerelictspinelgrainduringdle  

Chondrule－fbrmationevent．   

ThespinelgrainmaybedlePrlmaryPhaseratherthandlerelictphasefromthedisb：ibutionof  

maJOrelements．  

4．1．3．OxygenisotopICCOmPOSitionofconstituentsofCVchondrites   

Fromdledisb・ibutionsofdlemqOrelen鳩ntS，itisconsiderablyobviousthatdleAl－2b－1spinel  

grainisnottherelictphasewhichsurvivedthechondrule－fbrmlngeVent，buttheprlmaryPhase  

Whichcrysta11izedinthemoltendropletofthechondruleprecursors．   

The oxygen isotopic compositions of the constituents of CAIs and chondrules are very 

CharaCteristicandcanbedlefirmestb・aCeSOftheorlglnOftheconstituentsofCAIsandchondru1es．  

TheoxygenisotopIC COmpOSitionsof splnel，fassaite，mel丑ite，andanOrthiteinAuende CAIs  

（Claytonetal・，1977；MtKeeganetal．，1996）areSurrmarizedinFig．4．6．Spinelsandfassaitein  

CAIshavedlelowest8170sM。Wand818QsM。WValues，ranglngfrom－35％oto－40％0．Anordlite  

andmelilitehavethehigher8QsM。WValuesranglngfrom＋5％oto－10％0．   

¶lemeanValuesofisolatedolivinegrains（WeinbruChetal・，1993）andthebu敗compositions  

OfCVchondrules（Rubinetal．，1990）arealsosurrmarizedinFig．4．6．Forsteriticcoresofdle  

isolatedolivinegrainshaveoxygenisotopiccompositions（817QsM。W莞－11％0；818QsM。Wだ－8％0）  

Slgnificandyless enrichedin160thanSPinelandfassaiteinCAls・Fayalite－richrims ofdle  

isolatedolivinegrainsarelessenrichedin160（8170sMOWた－3％0；818QsMOWだ0％0）thanthe  

fbrsteriticcores．   

CVporphyriticchondrulesspandleWiderangeinoxygenisotopICCOmPOSidon，Varylng  

817QsM。Wfrom－6・5to－l．1％0andin818QsM。Wfrom－2．7to＋2．7％。．TYleSmallclusterofCV  

BOCshasanarrOWrange：817QsMOWVariesfrom＋0・1to＋1・5％0，and818QsMOWfrom＋3・1to  

＋3・8％0（Rubinetal・，1990）・TYleisolatedolivinegrainsareclear1ydistinctfromchondrulesin  

dleiroxygenisotopiccomposidon．WenibruChetal．（1993）arguethatthe160－enrich汀妃ntOfdle  

fbrsteriticcoresoftheisolatedolivinegrainscomparedtoAllendechondruless仕Onglysuggestsa  

SeParateOrlglnunrelatedtochondrulefbrmation・Moreoverdleyalsoarguedlatthe160－depletion  

Ofthefayaliticrimsofdleisolatedolivinegrainscomparedwiththefbrsteriticcoressupportsa  

COndensationorlglnOfdlerimsfbrmagaSPhaselessenrichedin160dlanthegasphasefrom  

Whichthefbrsteriticcoreshadformed．  

IftheoxygenisotopICCOmPOSitionofdleSPinelgrainissimi1artothoseofspinelsfromCAIs  

andisdifftrentfromdlOSeOfodlerPhases（Olivineandmesostasis），thespinelgrainistherelict  

phasedlatOrlgmateSinCAls・αltheotherhand，ifdleOXygenisotopiccompositionofthespinel  

grainisthesameasthoseofotherphasesinthechondrule，thespinelgrainisthepnmaryphase・  
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4．1．4．0ⅩygenisotopiccompositionoftheAl－2b－1mqorphase   

TYleOXygenisotopICCOmPOSitionsofthespinelgrain，01ivines，anddleftldspa血icmesostasisof  

dleAl－2b－1BOCareSummarizedinFig・4・7andTable3・7c・Obviously，dleOXygenisotopIC  

compositionsofolivines（8170sM。W＝－12．6±2．0％0；818QsM。W＝－10・Oj＝l・8％0）arealmostthesame  

asdlemeanValues ofthefbrsteriticcoresofdleisolatedolivinegrains，andsignifican也ydifftr  

fromthoseofCVchondrules．   

Theoxygenisotopiccompositions ofdle Al－2b－1spinelgrain（817QsM。W＝－15．1±4．3％0；  

818qsM。W＝－14．9±3．9％0）arequitedi晩rentfromthoseofspinelsinCAls・Forthepresent，the  

oxygenisotopICCOmPOSitionsofthe160－POOreStSPinelsfromaTypeBCAIare817QsM。W＝－  

26．7％0and818QsM。W＝－23．2％0，reSPeCdvely（Mayedaetal・，1986）・Therefbre，theoriginof  

dleAl－2b－1spinelgraincanbeevidendydistinguishedfromthoseofCAIspinels・Althoughdle  

Al－2b－1spinelgrainareSlighdyenrichedin160thantheolivines，itiscertainthattheAl－2b－1  

SPinelgrainisistheprimaryphasewhichcrystal1izedjustbefbre（OralmostsimultaneOuSlywi也）  

01ivines．   

Tbeoxygenisotopiccompositionsof血eftldspadlicmesostasisexhibitdlequltedifftrentb－end  

fromdlOSeOfthespinelgrainsandolivines（Fig・4・7）・rmedataofdlefeldspathicmesostasisdo  

notfallonboththeCCAMrruXmglineandtheTFline，butfal1alongtheC2fractionationline  

（Slopeニご1／2）definedby dlehydrous silicate matrixof C2chondrites（Clayton etal．，1977）．  

Sincethemesostasisisparticular1ysensitivetodlemetamOrPhism（DeHartetal．，1992），then，dle  

mesostasismaybealsosensitivetothealterationbytheinteractionwithagasphasethanodler  

mineralsinchondrules・TYlemeSOStaSisinAl－2b－1mayhavereactedwih血enebulargaSWhi血  

mayhavehad dleOXygenisotopICCOmPOSidon witha mass－fractiona也on仕・end paralleltothe  

terrestrialb’end．Suchprocessesare COnSistentwiththereport whichanhydrous alteration of  

Chondru1estookplaceinagasreservoirpriortotheaccretionontotheAllendeparentbody（Ikeda  

andKimura，1995）・Thetemperatureofthenebulargasduringdleanhydrousalterationmayhave  

beenhigher（＞800K）thanthetemperaturewhichanhydrousNa－bearingminerals（viz．nepheline  

andsodalite）couldhavecondensated，dlerefbrethemesostasis couldhave seldomobtained Na  

and／or Cl・Thisalteration process could beinterpretedthe discrepanCy Ofoxygenisotopes  

betweenbulk血ondruleandolivinephenocrystsindleChondru1e．TYleSereSultssuggestsdlatdle  

SOlarnebulargaSmayhavebeenisotopicallyheterogeneous．  

4．2． The modelfbr the fbrmation of Al・2b－1BOC   

Al－2b－1BOCisaCa，仙richchondrulecontalnlngdlelargeSpinelgrain．Thechemicaland  

isotopicalproperties stronglysuggestthattheAト2b－1spinelgrainhavecrystallizedduringthe  

Chondrule－fbrmmgevent．Therefbre，theprocessoftheforma也onofAト2b－1ismuchthesan鳩  

asthoseofordinaryftrromagnesianchondru1es．TYledifftrencemaybethechemicalcomposition  

Oftheprecursormaterialsorevaporationdegree．TheprecursormaterialsfbrthecorepartOfAIN  

2ト1BOC may have been Ca，Aトricher dlan dlOSe Of ordinary Chondru1es because of血e  

abundanceofCa，AトrichphasessuchasdleSPinelgrainanddlefbldspadlicmesostasisinAld2bJ  

19   



BOC．   

TheplausiblescenariofbrthefbrmationofAl－2b－1BOCconsists ofthefbllowlngPrOCeSS  

（illusb・atedinFig．4．8）：（1）¶lefbrmationofdlePreCurSOrmaterials；mOStPreCurSOrmaterials  

Were ferromagnesian・TYle Ca，Aトrich materials may have beenthe residue ofthe high－  

temperature evaporation prlOr tO the fbrmation of ferromagnesian PreCurSOrS，and the  

ftrromagnesian materials andthe Ca，Al－rich materials have dle SindarOXygenisotopIC  

COmPOSitionswitheachother．（2）metransientheatingeventwhichalmosttotallymeltedthe  

PreCurSOrmaterials．（3）Relativelyrq）idcoolinganddleSOlidificationof血emoltendropletof  

PreCurSOrmaterials．Firstthespinelgrainmayhavecrysta11izedinthemoltendroplet，anddlen  

barredolivinesmayhavecrystal1ized．Indlefinalstageofthesolidificationofthemoltendroplet，  

themesostasismayhavecrystallizedandtheFe，Cr－richovergrow血mayhavefbrmedaroundthe  

SPinelgrain．（4）The fbrmation ofthe coarSe－grained olivine rim．Final1y，Fe，Ni－Sulnde  

materialssparSelysurroundedthecoarse－grainedolivinerim．ⅥlrOughoutthestage（3）and（4），  

themesostasisinAl－2b－1mayhavereactedwidlthenebulargaSWhichmayhavehadtheoxygen  

isotopICCOmPOSi也onwithamass－fractiona也onb．endparal1eltotheterrestrialtrend，andmayhave  

beenrelativelyhot（＞800K）．  

4．3．ThespinelgrainsinAL95・2・l・CI）L．1compound chondrule  

4．3．1．「mepeb．ologicalpropertiesofdleSPinelgrainsinAL95－2－l－CDL．1   

Thedisb：ibutionsofFeandCrinthesplnelgrainsindleCOrePartOfdleSeCOndarySPhereof  

CDL・1difftrfromthoseindleAl－2b－1splnelgrain・medistributionofCrinthespinelgrains  

inCDL・1exhibitsnosystematicpattern（Fig・3・31d）・「meSPinelclusterinCDL．1mayoriginally  

COntainCrwhenthespinelgrainscrysta11ized．   

TYledistributionofFeindleSPinelcluster（Fig．3．31b）showsdlemOredistinctivefeaturethan  

dlatOfCr・TYleSPinelgrainsneardlerimofthesecondarysphereisenrichedinFe，andtherim  

OfthesomespinelgrainsareFe－rich・¶leFe－ZOnlngS仕uctureofthespinelclustermayresult  

fromthepenetration ofFe－rich materialfromdlenebular gas・Thedisb・ibution ofthe m往lOr  

elementsinthespinelclusterhaslitdeevidencefbrdleOnglnOfthespinelgrainsinCDL．1．   

TYlemOStCharaCteristicftatureof血espinelgrainsinthecorepartofthesecondarysphereisthe  

Sb’OnglyserratedappearanCeWidlSerratedandembayedboundaries（Figs．3．30，3．31and3．32）．  

SuchtextureiscommontospinelsinGroup2POIs（Shengetal．，1991）．Shengetal．（1991）  

argueddlatthes仕OnglyserratedcharaCterOfspinelsinPOIscan0nlybeexplainedbyreactionwidl  

aspinel－undersaturatedliquid・ThesecondarySPheremayhavefbrmedfromanaSSemblageof  

Chemicallyheterogeneousmaterials，andtheassemblageofmaterialsmayhavenevercompletely  

melted・Fromthetexhlre，thespinelgrainsinthecorepartOfthesecondaryspheremaybethe  

relictphasethathavesurvivedthe払rmationofthesecondarysphere．   

ThepetrologocalpropertiesofdleSPinelgrainsinthemultilayeredrimofthesecondarySPhere  

differfromthespinelgrainsindleCOrepart．They∬eSubhedralandhavenoserratedappearanCe．  

Thespinelgrainsindlemultilayeredrimmaybefbrmedbydledifftrentprocessfrom血atofぬe  
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SPlnelgrainsinthecorepart・  

4・3・2・OxygenisotopICCOmpOSitionofthemineralsinAL95－2－1－CDL・l  

lもeoxygenisotopICCOmPOSitionsofthemineralsinAL95－2－1－CDL・1comparedtothoseof  

CAIsandisolatedolivinegrainsaresummarizedinFig・4・9andTable3・19b・   

ⅥlerearenOdifftrencesin血eoxygencompositionsbetweenolivinesintheprlmarySPhereand  

thesecondarySPhere・Moreover，dleOXygenisotopICCOInPOSitionsofolivinesinCDL・1are  

closetothoseofolivinesinAl－2b－1BOC，al血oughdlOSeOfolivinesinCDL・1areSlighdy160－  

richerdlan血oseofolivinesinAl－2b－1．TYleOXygenisotopICCOmPOSitionsofbotholivinesin  

CDL．1andolivinesinAl－2b－1BOCarequitedifftrentfrombulkcompositionofoxygenisotopes  

ofchondrules determined by Rubinetal．（1990）・Tilis suggeststhat other phases such as  

mesostasisinchondrulesareCOrrmOnlymuch160－POOrerthanOlivines・TYleOXygenisotopIC  

COmPOSitionsoftheftldspadlicmesostasis，thatfal1alongtheC2fracdonationline（Fig・4・7），are  

adequatetothissuggestion．   

TYleOXygenisotopICCOmPOSitionsofpyroxenesintheprlmarySPhereareeXCeedinglysimi1ar  

thoseofpyroxenesinthesecondarySPhere，andtheoxygenisotopICCOmPOSitionsofpyroxenes  

areclosetothoseofolivinesinCDL．1．   

TYlemOStSb：ikingftahlreOf血eoxygenisotopICCOmPOSitionsofthemineralsinCDL・lisdlat  

the oxygenisotopIC COmPOSitions ofplagioclasesand spinelsinthe core partofthe CDL・1  

SeCOndarySPhereareCOnSiderablysimi1artothoseofmheralsinCAIs・TheoxygenisotopIC  
compositionsofthespinelgrains（817QsM。W＝－34．8±1．3％0；8180sM。W＝－30．5±1．8％0）inthecore  

PartOfdle CDL．1secondary SPhereare Simi1artOthose ofspinelsinCAls，anddle OXygen  

isotopiccompositionsofplagioclases（817QsM。W＝－1．8±1．2％0；8180sM。W＝－2．Oi＝0．7％0）inthe  

CDL．1secondary sphere resemble those of anOrthites in CAIs． The oxygenisotopIC  

compositionsofnq）helines（8170sM。W＝－4．2±2．8％0；8180sM。W＝0．Oj＝2．4％0）areeSSentiallyequal  

tothoseofplagioclasesinCDL・1・   

FromthetextureandtheoxygenisotopICCOmpOSitions，thespinelgrainsindleCOrePartOfthe  

CDL．1secondarySPherearetherelictCAImineralsthathavebeenincorporatedby chondrule  

PreCurSOrSandhavesurviveddletranSientheatlngduringdleformationofdleSeCOndarySPhere・  

Olivinesandpyroxenes havecrystallizedduringthefbrmation ofthesecondarySPhereandmay  

havebeeninequilibriumwidland）ulargaSduringthecrystal1ization．Plagioclases，Whichhave  

CryStal1ized at dle finalstage ofthe solidificadon of dle mOlten droplet，may have beenin  

equilibriumwidldle160－POOrernebulargaS・Tbenplagioclasesmayhavereactedwithanebular  

gasafterthesolidificationoftheCDL．1secondarysphere，andnephelinesmayhavebeenformed．   

ThevariationoftheoxygenisotopIC COmPOSitions of dleInineralsintheCDL．1secondary  

SPhereareCOnSistentwidldleteXhlallyinftrredcrystalli2ation sequence，dlatis spinel，Olivine，  

pyroxene，anddlenPlagioclase・AL95－2－1－CDL・1mayhavedrifted丘omthe160－richergasto  

160－POOrergaSduringthesolidi員cationandtheanhydrousalterationofthesecondarySPhere，and  

eachphaseintheCDL．1secondaryphasemayhavehelddleOXygenisotopiccompositionsofdle  
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nebulargaswhichmayhavebeeninequilibriumwhilecrystallizing・  

4．4．AnhydrotlS alterationofAL95－2－l－CDL・1compound chondrule   

TYleNa－richmesostasisindlePPrimoftheprlrrWySPhereandnephelinesinthesecondary  

SPherehavebeenfbrmedbydlereaCtionwidland）ulargas（IkedaandKimura，1995）・TYlemain  

reactiontoproducenephelinefromanOrthiteis：  

CaSi2創208＋（Na，K）20→2（Na，K）2SiAlO．＋CaO  （4．7）  

Anorthite  Gas  Nepheline  

wherealkalieswereinb・Oducedintothechondru1es andCaOwaslostfromthechondrulesorused  

tofbrmCa－richmineralselsewhereinthechondru1es・’nlereaCtantforthereactiontoproduce  

nephelinefrom dle glassy mesostasisis a normativeanOrthite component of mesostasis．  

However，unfbrtunately whetherthe Na－rich m：SOStaSisin the CDL．1prlmary SPhereis  

CrySta11izedtofbrmnePhelineornotisindistinctduetodleSma11sizeofdlemeSOStaSisanddle  

thicknessofthethinsection．SodalitehavefbrmedffomplagioclasebythefbllowlngreaCtion：  

3CaSi2Al2q＋3Na20＋2NaCl→6NaSiAlO4・2NaCl＋3CaO  （4・8）  

Anordlite  Gas Gas  Sodalite  

WhereNa20andNaCIwereintroducedintodleChondru1es，andCaOwaslostfromthechondrules  

OruSedtofbrmCa－richphaseselsewhereindleChondru1es．TYleCOrrelationsbetweenNaandCa  

inthemesostasisinthePPrimofdlePrlmarySphereandnephelines oftheCDL・1secondary  

SPhereareShowninFig．4．10．Theabovereactionsmayhaveoccurredtothemesostasisand  

PlagioclasesofCDL．1tovarylngdegree．  

Ikedaand KirrMra（1995）argued dlatAllende chondru1es have experiencedthe anhydrous  

alterationinagasreservOirhavingan0ⅩygenisotopICCOmPOSitionalongtheCVchondru1ermxlng  

trendshowninFig・4・6b・However，nePhelinesinCDL・1mayhavebeenfbrmedbydlereaCtion  

Witha nebulargaS having an oxygenisotopic compositionalong dle CCAM mlXlngline・  

Therefbre，theanhydrousalterationofCDL・1andordinaryAllendechondrulesmayhavetook  

Placeindi晩rentnebulargaSreServOirs．   

TheanhydrousalterationthatthewholeCDL・1havesufferedisdividedintothreestagesbythe  

CIcontent（Fig・4・11）・Atfirst，themesostasis ofthe PP rim oftheprimary sphereand  

PlagioclasesofdleSeCOndaryspheremayhavereactedwidlaCl－POOrandNa十richgas，andthen  

the Na⊥rich mesostasis may have fbrmedinthe PP rim ofthe prlmary SPhereand Cl－free  

nephelinesmayhavefbrmedindleSeCOndarySPhere・AnebulargaSCOuldhavepeneb・atedinto  

thecorepartOf血esecondarysphere・HoweveranebulargaSCOuldnothavepenetratedintothe  

POcoreofdlePrlmarySPherefbr也elackofdlerOutefbranebulargaStOPene也・ateintothePO  

COre・mennq）helinesandthemesostasisin血eCDL・1prlmarySPheremayhavereactedwitha  

Cl－bear1nggaSreServOirfbrdlelimitedduration，thendleCl－bear1ngmeSOStaSismayhaveformed  

inthePPrimoftheprlm∬ySPhereandCl－bearlngnePhelinesmayhaveformedinthesecondary  

SPhere．   

Ⅵlefinalstageof血ealteradonis puzzling・Themesostasis attheboundary between dle  
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PrlmarySPhereandma仕ixandnephelinesintherimofdleSeCOndarysphereareCl－free・Evenif  

aCl－POOr andNa－rich gasmay havepeneb：atedintoCDL・1fromthe outside，the Cl－bearlng  

mesostasisandCl－bear1ngnePhelines ofCDL・1maynothavelostCl・TYleanhydrousreaction  

which have took Clfrom dle Cl－bearlng meSOStaSisand Cl－bear1ng nePhelines should have  

occurredfbrdlelimitedduration，andthereactionshouldhaveoccurredbetweenCDL．1and dle  

OutSideoftheCDL．1．  

4．5． The modelfbr the紬rmation of AL95・2・1・CI）L．1   

AL95－2－1－CDL・1istheconsortmgcompoundchondrule，andtheprlmarySPhereofCDL・1is  

theenveloplngCOmPOundchondrule・Ihchcomponents ofCDL・1，dlatis，thePOcoreofdle  

PrlmarySPhere，dlePPrimof血eprlmarySPhere，anddleSeCOndarysphereexhibitthedifferent  

textureand composition each other．TYlerefbre AL95－2－1－CDL・1can be categorized asthe  

independentcompound chondru1e．¶le mOStnOtablefeatures ofCDL・1is dlatCDL・1may  

POSSiblybeacompoundchondru1e－POIo句ectthathavenotbeenreporteduntilnow，andthatthe  

SPinelgrainsintheCDL．1secondaryspherearetherelictphasewhichmayhaveoriginatedin  

CAIs．   

TheplausiblescenariofbrfbrmationoftheAL95－2－トCDL．1compoundchondruleconsistsof  

dlefbllowingprocess（illusb．atedinFig．4．12）：（1）¶lefbrmationofthePOC（PorphyriticOlivine  

Chondru1e）．TYle POC may have fbrmed by dle SOlidification ofthe molten droplet of  

ftrromagnesianprecursorsfbrordinaryftrrom？gneSianchondrules．（2）ⅧefbrmationofthePP  

rimarOund血ePOC．TbeprecursorsforthePPrimmayhaveslighdyCavricherthanthoseofdle  

POC，andthenCa－richpyroxenesmayhavedominatedthePPrim・TheformationofdlePrlmary  

SPherehasbeencompletedindlisstage・（3）TheencounteroftheCa，Al－richmoltendropletwith  

thePOC－PPC（PorphyriticPyroxeneChondrule）compoundchondrule（viz．dlePrimarysphere）．  

ⅥlemOltendroplet was never coInpletelymelted，and CAIspinelsincorporatedas precursors  

Surviveddlemeltingduringthe仕－anSientheahngandthesolidificationofthehotmoltendroplet．  

Group2POIs meltatslgnificandylowertemperaturesthanGroupsland3POIs，dlatrOughly  

equalmeltingtemperatures（1773－1973K），dlerefbrespinelsinGroup2POIscouldhavebeendle  

relictphase（Shengetal．，1991）．TYlerefbrethepeaktemperatureoffbrmationofthesecondary  

SPheremayhavebeenverysimilartOdlOSeOfordinaryftrromagnesianChondrulesreproducedin  

experirrmtalstudiesovermeltingtemperaturesintherange1748－1973K（Lofgren，1989；Lefgren  

andLanier，1990）．（4）The solidi員cationofthe Ca，ju－richmolten dropletwhilethe molten  

dropletmayhavebeeninequilibriumwithdlenebulargaS．PlagioclasesinthesecondarySPhere  

mayhavebeeninequilibriumwidlthenebulargaSWhilecrystallizing．Thesolidificationofdle  

SeCOndarySPherehasbeencompletedindlis stage．TheCAIspinelgrains werefixedindle  

SeCOndarySPhereastherelictphase・（5）AnhydrousalterationofCDL．1indleSOlarnebulargaS  

attemperatureslowerdlan800KbefbredleaCCretionontotheAllendeparentbody．Indlisstage，  

theNa－bearlngmeSOStaSisintheprlmary SPhere andnephelinesinthesecondarysphere were  

fbrmedbydlereaCtionofdlefeldspadlicmesostasisandplagioclaseswidldleVOladleelements－ri血  
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nebulargaS．   

Tbetraditionalviewofthefbrmationofcompoundchondru1esisproposedbyLuxetal・（1981）  

andGoodingandKeil（1981）：dle“random－CO11ision”modelcal1sfbrtwoindq）endendyfbrmed  

chondrules to collide while one or bodlWaS／were stillmolten． An alternative modelfbr  

independentfbrmationproposedbyWasson（1993）iscal1edthe“relict－Chondru1e”model；itcal1s  

fbrtheprlmaryChondru1etobepartofaporousprecursorassemblagethatwasflashhe  

fbrmthesecondary．Wassonetal．（1995）arguedlattherandom－COllisionmodelisimplausible  

becauseitimpliesamuchhigherdensityofnebularmatterthanSeemSrequiredtoaccountfbrdle  

observedmassofdlePlanets，andalsoarguedlat也e meanPeriodbetweentheoccurrence of  

randomcollisionsis expected to belongerthaninferred coolingtimes ofmolten chondrules  

becauseofthelowdensityofmatterinthenebula・   

ThechemicalcompositionsofthePOcoreoftheprlmarySPhere，thePPrimoftheprlmary  

SPhereandthesecondarySPherearequltediffdentfromeachother，hencedlereServOirofdle  

PreCurSOrSforeachpartofCDL・1mayhavebeenseparate・Onthebasisoftherandom－COllision  

model，themoltendropletfbrthePPrimandmayaccidenta11yco11idedwidlthePOC，andthe  

dropletfbrthesecondarySPheremayaccidental1yco11idedwidldlePOCrimmedbythePPrim（the  

PrimarySPhere）．Altematively，Ondlebasisofdlerelict－Chondru1emodel，thePOCmayhave  

driftedintothereservOirofslighdyCa－richprecursormaterialsanddlenthePPrimmayhavebeen  

fbrmedbydletranSientheating．ThenthePOCrirrmedby申ePPrim（dlePrimarySPhere）may  

havedriftedintothereservOirofCa，AトrichprecursormaterialsandthesecondarySPheremay  

havebeenfbrmedontothesecondarySPhere．RegardingAL95－2－1－CDL．1compoundchondrule，  

itis notclear which ofthese modelsare mOre Plausible．However，itis obvious dlatthe  

protoplanetarydiskmayhavebeenchemicallyheterogeneous．   

AL95－2－1－CDL．1compoundchondru1e－POIobjectisthefirmeVidencedlattheprotoplanetary  

diskmayhavebeenchemicallyandisotopicallyheterogeneous・  
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5． Conclusions   

Twochondru1esincludingspmelsfromdleAl1endemeteoritewereinvestigatedtheirpe打Ological  

PrOPertiesandoxygenisotopiccompos止ionstoclarifydlerelationshipbetweenchondru1es and  

CAIs．   

Al－2b－1BOCisaCa，Al－richchondru1econtain1ngaCOarSeSPlnelgrain．TheoxygenisotopIC  

compositionsofdleAl－2b－1spinelgrain（8170sM。W＝一15．1±1．6％0；818osM。W＝－14．9±1．4％0）are  

essentia11yequaltothoseofolivinesinAl－2b－1BOC（817qsM。W＝－12．6±2．0％0；8180sM。W＝－  

10．0±1．8％0）．Moreover，theAト2b－1spinelgrainis much160－pOOrerthan spinelsinCAIs・  

Tberefbre，theAl－2b－1spinelgrainis叩Parently血eprlmaryPhasewhichcrystal1izedduringthe  

formationofAl－2b－1BOC．rnle OXygenisotopICCOmPOSitions of血efもIdspathic mesostasis  

SCatteralongthe C2fractionationline．Themesostasis mayhave reactedwithanebulargaS  

havingaoxygenisotopICCOmPOSitionalongtheC2什actionationlinepnortotheaccretionofthe  

Allendeparentbody・   

AL95－2J－CDL・lbelongstoatypicalcompoundchondru1e・¶一ePrimarysphereofCDL・1is  

a POC enveloped bythick pyroxene rim，Whereasthe secondary sphere of CDL．1can be  

CategOrized as a Group2POIfrom dle Chemicaland pe仕Ologicalproperties．The strongly  

SerratedcharacterofthespinelgrainsexistedinthesecondarySpherecanbeexplainedbyreaction  

Withaspineトundersaturatedliquid．TneoxygenisotopICCOmPOSitionsofthespinelgrainsindle  

SeCOndarySPhere（8170sM。W＝－34．3±1．3％0；8180sM。W＝－30．5±1．8％0）areSimi1artothoseof  

SPmelsinCAIs・Theoxygenisotopiccompositions ofolivines（8170sM。W＝－12．5±1．3％0；  

8180sM。W＝－11．8±1．4％0）andpyroxenes（∂17QsM。W＝－16．9±1．6％0；818QsM。W＝－14．7±2．1％0）in  

dleSeCOndarySPherearequitedifftrent負・Omthoseofspinels・「merefbre，thespinelgrainsin血e  

SeCOndarysphereareobviouslydlerelictphasethatsurvivedthechondru1e－fbmlngeVent・   

The oxygenisotopic compositions of plagioclases（817osM。W＝－1．8±1．2％0；818osM。W＝  

2・Oj＝0・7％0）andnephelines（8170sM。W＝一4．2±2．8％0；818qsM。W＝0．Oj＝2・4％0）inthesecondary  

SPhereareSimilartO血oseofanordlites andmelilitesinCAIs・Nephelinesaredleanhydrous  

alterationproductswhichmayhavefbrmedbythereplacementofplaglOClasesbyreactions with  

dlenebulargaShavingnormaloxygenisotopICCOmPOSition・TbeCDL・1secondarySPheremay  

havebeeninequilibriumwidl血enebulargasduringthesolidincationandthesecondaryalteration，  

andtheoxygenisotopICCOmPOSitionofeachphaseinthesecondaryspheremayreflect也eoxygen  

isotopICCOmPOSitionsof血enebulargaswhichmayhavebeeninequilibrium・AL95－2－1－CDL・l  

COmPOundchondrule－POIobjectsuggeststhattheprotoplanetarydiskmayhavebeennotonly  

Chemicallybutalsoisotopicallyheterogeneous・   

TherelictspinelgrainsintheCDL．1secondaryspheremayoriginatedincoarse－grainedCAIs  

becauseoftherelativelylargesizeofthesespinelgrams・CoarSe－grainedCAlswhichpreceded  

Chondru1es may have been broken by collision，andthenthese負・agmentS may have been  

incorporatedby theftrromagnesian precursor materialsbefbre chondrule－formmg event・¶le  

recyclingofmaterialsmayhaveoftenoccurredintheprotoplanetarydisk・  
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Tbble3．4b．QuantitativeanalysesoftherimoftheAト2b－lspinelgrain・  

RimoftheAl－2b－lsplnelgrain  
e St．Dev．  ー23 S  －24 Avera  ー22 S  ー21 S  ＿20 S  －19 S  Oxidewt．％ S  ー18 S  

2．58  1．79  2．44  

64．57  64．71 3．50  

0．50  0．45  0．15  

3，37  2．78 1．01  

3．78  5．29  3．32  

0．08  0．11  0．09  

0．00  0．08  0．12  

25．60 24．35  2．56  

0．84  1．14 1．93  

0．04  0．23  0．16  

0．02  0．03  0．03  

0．00  6．91  

70．39 58．62  

0．54  0．27  

0．54  2．97  

0．75  3．08  

0．00  0．20  

0．00  0．05  

29．19 22．05  

0．13  5．48  

0．02  0．44  

0．00  0．02  

SiO2  0．19  0．30  0．78 l．75  

63．69 64．49 66．47  

0．39  0．28  0．45  

3．48  2．90  3．14  

8．43  9．88  3．66  

0．09  0．00  0．15  

0．11  0．03  0．00  

22．95 21．87 25．08  

0．25  0．33  0．81  

0．17  0．31  0．24  

0．05  0．00  0．09  

A1203  64．75  

TiO2  0．70  

Cr203   3．08  

FeO  7．46  

MnO  O．22  

NiO  O．34  

MgO  23．74  

CaO  O．16  

Na20   0．39  

K20  0．00  

Total lOl．03 99．91100．87101．84101．56 100．09 1Qt．3810牡聖上」虹乃  

Numberofcations（0；4）  

0．04  0、06  

1．86  0．08  

0．01 0．00  

0．05  0．02  

0．11 0．07  

0．00  0．00  

0．00  0．00  

0．88  0．07  

0．03  0．05  

0．01 0．01  

0．00  0．00  

0．17  0．06  

1．69  1．83  

0．00  0．O1  

0．06  0．06  

0．06  0．08  

0．00  0．00  

0．00  0．00  

0．80  0．92  

0．14  0．02  

0．02  0．00  

0．00  0．00  

0．04  0．00  

1．87  1．95  

0．O1  0．01  

0．06  0．01  

0．07  0．O1  

0．00  0．00  

0．00  0．00  

0．89  1．02  

0．02  0．00  

0．01  0．00  

0．00  0．00  

0．01  0．02  

1．88  1．89  

0．01  0．01  

0．07  0．06  

0．18  0．21  

0．00  0．00  

0．00  0．00  

0．86  0．81  

0．01  0．01  

0．01  0．01  

0．00  0．00  

Si4＋  0．00  

A13＋   1．88  

Ti4＋  0．01  

Cr3＋  0．06  

Fe2＋  0．15  

Mn2＋   0．00  

Ni2＋  0．01  

Mg2＋  0．87  

Ca2＋  0．00  

Na＋  0．02   

K＋  0．00  

Tota1   3．02  3．02  3．01 2．99  3．01 2．96  2．98  3．00 Q．02  

Table3．5．ThecompositionofaFe，NトspheruleintheAト2b．1splnelgrain・  

Elementwt．％   

Si  l．30  

A1   14．53  

TiO2   0．00  

Cr  O．43  

Fe  21．48  

Mn  O．00  

Ni  57．07  

Mg  2．62  
Ca  O．31  

Na  l．62   

K  O．02  

Tota1  99．38  
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Tbble3．6b．QuantitativeanalysesofSI－2・  

SI－2 ftldspa血icphase  SI－2  fassaitic  

e St．Dev．   Oxidewt，％ SI－2－3  Oxidewt．％ SI－2－1 SI－2－2 Avera  

SiO2   43．67  

A1203  23．19  

TiO2   1．39  

Cr203   0．98  

FeO  O．52  

MnO  O．08  

NiO  O．06  

MgO  22・39  
CaO  6．68  

Na20   0．73  

K2．0  0．00   

45．20 44．19 1．44  

30．30 33．31 4．25  

0．49  0．38  0．16  

0．11  0．13  0．02  

0．18  0．23  0．07  

0．00  0．06  0．08  

0．07  0．14  0．10  

7．17  4．55  3．71  

14．9016．26 1．92  

0．43  0．22  0．30  

0．08  0．09  0．01  

SiO2   43．17  

A1203  36．31  

TiO2   0．27  

Cr203   0．14  

FeO  O．28  

MnO  O．11  

NiO  O．21  

MgO l・93  
CaO   17．62  

Na20   0．00  

K20  0．09  

To血100・13・9399・53 0・8阜  T弛1？9・申  
Numberofcations（0己8）   AverageSt．Dev．   Cation SI－2－3  

Si4＋  1．51  

A13＋  0．95  

Ti4＋  0．04  

Cr3＋  0．03  

Fe2＋  0．02  

Mn2＋   0．00  

Ni2＋  0．00  

Mg2＋ 1．16  

Ca2＋  0．25  

Na＋  0．05   

K＋  0．00  

2．10  2．05  0．Og  

l．66  1．82  0．2之  

0．02  0．01 0．O1  

0．00  0．00  0．00  

0．01  0．01  0．00  

0．00  0．00  0．00  

0．00  0．01 0．00  

0．50  0．31 0．26  

0．74  0．81  0．09  

0．04  0．02  0．03  

0．00  0．01  0．00  

Si4＋  1．99  

A13＋  1．97  

Ti4＋  0．01  

Cr3＋   0．01  

Fe2＋  0．01  

Mn2＋   0．00  

Ni2＋  0．01  

Mg2＋  0・13  

Ca2十  0．87  

Na＋  0．00   

K＋  0．01  

Total  5．01  5．07  5．04  0．04  Tota1   3．99  

Tbble3．6c．QuantitativeanalysesofSI－3．  

Sト3  飴1dspathicphase  Sト3  Included silicates 

Oxidewt．％ SI－3－1 SI－3－2萱Aver  e St．Dev．   Oxidewt．％ SI－3－3 SI－3－4 SI－3－5  

SiO2   43．30 44．20  

A1203  35．44 35．52  

TiO2  0．10  0．00  

Cr203   0．00  0．09  

FeO  O．47  0．05  

MnO  O．05  0．06  

NiO  O．02  0．00  

MgO O．56  0．14  

CaO   18．99 18．81  

Na20   0．49  0．74  

K20  0．00  0．09  

43．75  0．64  

35．48  0．06  

0．05  0．07  

0．05  0．06  

0．26  0．30  

0．06  0．01  

0．O1  0．01  

0．35  0．30  

18．90  0．13  

0．62  0．18  

0．05  0．06  

SiO2   46．5I  

A1203  22．68  

TiO2  2．13  

Cr203   0．26  

FeO  2．66  

MnO  O．19  

NiO  O．06  

MgO  8．00  

CaO  17．64  

Na20   0．87  

Ⅹ20  0．00  

44．4Ⅰ 43．54  

23．75 16．49  

2．19  3．37  

0．41  0，32  

ユ．74  5．ユ8  

0．00  0．34  

0．06  0．35  

臥02 13．07  

17．66 15．15  

0，68  0．17  

0．04  0．00   

Total   99．42 99．70 99．56  0．20  Total  101．00 99．96 98．08  

Numberofcations（0＝8）   AverageSt．Dev． Numberofcations（0＝8）  

2．05  2．03  0．02  

1．941．94  0．01  

0．00  0．00  0．00  

0．00  0．00  0．00  

0．00  0．01  0．01  

0．00  0．00  0．00  

0．00  0．00  0．00  

0．01  0．02  0．02  

0．93  0．94  0．01  

0．07  0．06  0．02  

0．O1  0．00  0．00  

Si4＋  2．02  

A13十   1．95  

Ti4＋  0．00  

Cr3十  0．00  

Fe2十  0．02  

Mn2＋   0．00  

Ni2十  0．00  

Mg2＋  0．04  

Ca2＋  0．95  

Na＋  0．04   

K＋  0．00  

Si4＋  2．18  

A13＋  1．25  

Ti4＋  0．08  

Cr3＋  0．01  

Fe2＋  0．10  

Mn2＋   0．01  

Ni2＋  0．00  

Mg2＋  0．56  

Ca2十  0．89  

Na＋  0．08   

K＋  0．00  

2．11  2．14  

l．33  0．96  

0．08  0．12  

0．02  0．01  

0．11  0．之2  

0．00  0．01  

0．00  0．O1  

0．57  0．96  

0．90  0．80  

0．06  0．02  

0．00  0．00  

馳壬al  5．02  5†01 5．02  0．01  Tota1   5．15  5．17  5．26  
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rrbble3．7a．TheoxygenisotopICanalysesforthemaJOrPhasesinAl－2b－1BOCin’97／10／10－13・  
ThedataofthesplnelstandardSPUanalyzedin’97／1010－13areglVeninThble2．1a・  

97／10／10．13 Al．2b．1BOC  s加．dad  lロ＊  

170／160 0．0003S64 3．391E－07  

180／160 0．0020326 1．356E－06  

8170sMOW lロ†8柑osMOW  
T＝22．6ns  ％0  ％0  

H
 
6
0
0
 
 

G
l
％
 
 

B
 
 

†
 
 
 

¢
 
 
 

l
 
 

1ロ† 160  1ロ†  

CpS  

SpOl   －13・727 2．811 －8．807  

SpO2   －14・739 3．231 －13．717  

SpO3   －15・571 3．146 －12．900  

SpO4  －9．950  2．996 －12．266  

SpO5  －9．543  3．231 －16．507  

0101  －17．452  3．312  －10．176  

0102  －8．042  3．156  －5．043  

0103  －14．196  3．133  －11．613  

2．145  0．121 3．298E－03喜393484．68116臥370  

1．973  0．102  3．033E－03 406926．105 338．350  

1．900  0．099  2．804E－03 402284．983 262．021  

2．013  0．080  2．434E－03】402799．034 266．029  

2．076  0．087  2．588E－03 417819t967 575．997  

2．001 0．085  2．230E－03 418596．112 785．014  

2．060  0．075  2．257E－03 407779．633 496．423  

2．118  0．082 1．961E－03 41169l．226 559．086  

01＝01ivine Sp＝Splnel  

Tbble3．7b．TheoxygenisotopICanalysesforthemaJOrPhasesinAl－2b－1BOCin97／10／29q31．  
ThedataofSPUGroupland2analyzedin’97／10／29－31areglVeninrrhble2．1b．  

97／10／29・31Al－2b－1BOC  spuGroup1lo＊  
170／160 0．0003858 6．214E－07  

180／160 0．0020056 5．026E－06  

8170sMOW lロ1● 6180sMOW lロ†BG160H  lロ†  160   1ロ†  

て＝25．6ns  9ち¢  ％¢  ％8  Cp5  

SpO6  －15．381 2．639  －15．955  

SpO7   －21．983  3．170 －16．837  

SpO8  岬19．788  3．012  －22．099  

0104  －10．739  3．330  －13．136  

1．808  0．179  3．878E－03 408387．309 313．695  

2．055  0．155  6．207E－03 414117．770 278．110  

2．095  0．116  2．380E－03 404844．776 200．661  

1．932  0．173  4．674E－03 414645．115 391．853  

SPUGroup2 1o＊  
170／160 0．0003859 5．58E－07  

180／160 0．0020072 4．746E－06  

8170sM。W lロ† 8用osM。W lo・†  BG160H lロ†   160  10・†  

て＝25．6ns  ％8  ％8  ％β  CpS  

2．283  0．061 l．169E－03 396795．450 138．972  

2．429  0．055 1．193E－03438214．311 940．765  

l．864  0．028 1．615E－03 418271．432 352．903   

MesoOl   －1．148  3．207   9．943  

MesoO2   －7．853  2．568  －2．828  

MesoO3  1．450   2．661 18．141  

01＝Olivine Sp＝SpinelMeso＝meSOStaSis   

Thble3・7c・ThesummaryofthemeasurementsoftheoxygenisotopICCOmPOSitionsfbrthemaJOr  
PhasesinAト2b－1BOCin’97／10／29－31．  

Thesumm 

s l。 3: 】6。 1。‡  
％¢  ％¢  ％¢  CpS   

Spinel －15．085 1．518 －14・886 1．393 0．117   

01ivine   －12．607  2．048  －9．992  1．757  0．104  

mesostasis  －2．517  2．771  8．419   6．101 0．048  

0．012 ≡406333．078 2650．116  

0．023 413178．021 2288．763  

0．010 く417760．39811959．325  

＊Errorofthemean（10）ofmeasurementsonthespinelstandards．  

†Standarderror（10■）ofmeasurementsonindividualphases．  

‡Standarderror（lo）ofthemean．  
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ThecontinuationofTbble3．10a．  

e St．Dev．  Oxidewt．％  54  56  59  61   66  69  79  82 Aver  

35．59 1．69  

1．23  0．69  

56．90  0．92  

3．81 1．74  

0．41 0．18  

0．08  0．07  

0．62  0．12  

0．13  0．09  

0．85  0．3l  

34．91 35．65 33．74 37．24 35．61 33．29 32．30  MgO  33．60  

A1203  1．15  

SiO2   56．48  

CaO  5．78  

TiO2  0．24  

V205   0．11  

Cr203   0．51  

MnO  O．21  

FeO  l．28  

0．70  ユ．05  3．14  

56．53 55．46 54．33  

3．61 4．70  5．33  

0．40  0．85  0．84  

0．07  0．05  0．00  

0．51 0．76  0．96  

0．28  0．20  0．17  

0．59 1．36  1．30  

1．03  1．27  2．30  1．38  

57．00 56．65 55．83 57．18  

4．60  3．46  4．37  2．41  

0．40  0．32  0．58  0．39  

0．00  0．21  0．21  0．09  

0．63  0．76  0．73  0．70  

0．14  0．17  0．02  0．11  

0．54 1．00  1．12  0．68  

Tot扇  99．36 99．25 99．49 9臥90100．18 98．30 98．72 錮．37 99．引∴ Q邁5  

St．Dev．  Numberofcations（OE6）  Average   

Mg2＋ 1．73  

A13＋   0．05  

Si4＋   1．95  

Ca2＋   0．21  

Ti4＋  0．01  

V5＋  0．00  

Cr3＋   0．01  

Mn2＋  0．OI  

Fe2＋   0．04  

1．68 1．81  0．07  

0．13  0．05  0．03  

1．90  1．95  0．02  

0．20  0．14  0．06  

0．02  0．01  0．00  

0．00  0．00  0．00  

0．03  0．02  0．00  

0．O1  0．00  0．00  

0．04  0．02  0．01  

1．79  1．82  

0．04  0．05  

1．96 1．94  

0．17  0．13  

0．01  0．01  

0．00  0．00  

0．02  0．02  

0．00  0．00  

0．02  0．03  

1．74 1，88  

0．09  0．06  

1．93  1．94  

0．16  0．09  

0．02  0．01  

0．00  0．00  

0．02  0．02  

0．00  0．00  

0．03  0．02  

l．84  1．72  

0．03  0．08  

1．96  1．93  

0．13  0．17  

0．01 0．02  

0．00  0．00  

0．01 0．02  

0．01  0．O1  

0．02  0．04  

Tot幻   4．01 4．00  4．01 3．99  4．O1 4．O1 4．00  4．00  4，01 0．OI  

En％   97．91 99．14 98．45 98．17 9臥99 99．08 97．76 97．79 98．68  0．51  
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ThecontinuationofThble3．10b．  

e St．Dev．  Oxidewt．％  68  70  71   78  80  81 Avera  

21．49 20．88  

4．26  5．10  

51．89 50．67  

18．83 19．33  

1．18  1．41  

0．12  0．06  

0．64  0．64  

0．20  0．20  

1．80  1．44  

22．11 l．21  

3．51 0．81  

52．87  0．86  

18．51 1．44  

l．30  0．30  

0．12  0．12  

0．65  0．15  

0．18  0．10  

0．78  0．43   

20．75 21．81  

3．60  3．93  

51．22 52．66  

18．96 19．98  

1．69 1．46  

0．07  0．02  

0．54  0．77  

0．07  0．14  

1．g6  0．41  

MgO  23．91 23・88  

A1203   2．29  ユ．51  

SiO2   54．92 53．22  

CaO   17．26 16．69  

TiO2   1．22  1．12  

V205   0．00  0．00  

Cr203   0．85  0．77  

MnO  O．09  0．31  

FeO  O．68  0．77  

Total 101．2ニ 99．27 98．7（i101．1810（）．射 9り．73 】即）．02 （l．R6  

Numberofcations（0曇6）  Average St．Dev．  

Mg2十 l．25  

A13＋   0．09  

Si4＋   1．92  

Ca2＋   0．65  

Ti4＋  0．03  

V5＋  0．00  

Cr3＋   0．02  

Mn2＋  0．00  

Fe2＋   0．02  

1．12  1．17  0．06  

0．22  0．15  0．03  

1．83  1．88  0．02  

0．75  0．71 0．06  

0．04  0．03  0．O1  

0．00  0．00  0．00  

0．02  0．02  0．00  

0．01 0．O1  0．00  

0．04  0．02  0．01  

1．15  1．14  

0．16  0．18  

Ⅰ．86  l．85  

0．76  0．72  

0．04  0．03  

0．00  0．00  

0．02  0．02  

0．00  0．01  

0．01 0．05  

1．27  1．12  

0．11  0．15  

1．90  1．86  

0．64  0．74  

0．03  0．05  

0．00  0．00  

0．02  0．02  

0．01  0．00  

0．02  0．06  

Tota1  3．99  4．00  4．00  4．01 4．01 4．02  3．99  0．01  

圭n％   98．43 98．22 95．21 98．96 95．51 96．27 98．06 1．11  
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rrbble3．13．Quantitativeanalysesofplagioclasesattheboundarybetweentheprimarysphereand  

the secondary sphere. 

PlaglOClasesintheprlmarySPhere  

Oxidewt．％  23  31  32 ．Avera  e St．Dev．  

Na20   1．07  1．11  0．98  

MgO O．45  0．72  0．42  

CaO   19．05 18．96 19．55  

FeO  O．75  0．84  0．47  

A1203  33．91 33．66 34．62  

SiO2   42．99 42．99 43．78  

l．05  0．07  

0．53  0．17  

19．19  0．32  

0．69  0．19  

34．06  0．50  

43．25  0．46  

Tota1  98．22 98．28 99．82 98．77  0．91  

Numberofcations（0＝8）  Average St．Dev．  

Na＋  0．10  0．10  0．09  

Mg2＋  0．03  0．05  0．03  

Ca2＋  0．97  0．96  0．98  

Fe2＋  0．03  0．03  仇02  

A13＋   1．90  1．88  1．90  

Si4＋  2．04  2．04  2．04  

0．10  0．O1  

0．04  0．01  

0．97  0．01  

0．03  0．01  

1．89  0．01  

2．04  0．00  

Tota1   5．06  5．07  5．05  5．06  0．01  

An％  90．77 90．42 91．68 90．96  0．65  

56   
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ThecontinuationofThble3．14b．  

Oxidewt．％ 115  118  120  122  123  124  126  1271Avera  e St．Dev．  

20．44 27．66  

2．46  1．66  

52．54 55．46  

20．16 11．95  

1．11  0．66  

0．32  0．02  

0．59  0．70  

0．07  0．26  

0．95  0．75  

26．61 21．03  

0．92  2．61  

55．49 52．21  

14．63 19．63  

0．56  1．10  

0．00  0．00  

0．83  0．81  

0．21  0．29  

1．07  0．87  

MgO  21．96  

A1203   2．81  

SiO2   52．89  

CaO   18．69  

TiO2   l．36  

V205   0．22  

Cr203   0．61  

MnO  O．16  

FeO  l．28  

20．72  25．12  

2．80  2．15  

52．76  54．51  

20．76 15．71  

1．21 1．06  

0．40  0．05  

0．61  0．90  

0．16  0．27  

0．79  0．44  

21．63 〉 22．13 1．97  

4．28  3．22  0．82   

52．17 52．92 1．12  

17．19 18．49 1．93  

1．08  1．51  0．47  

0．060．13  0．11  

0．85  0．72  0．18  

0．41  0．17  0．11  

2．88  0．64  0．45  

Total   99．98 100．21100．21 9臥64 99．12 100．32 98．55 100．55．99．93  0．72  

Numberofcations（0；6）  Average St．Dev．  

1．39  1．14  

0．04  0．11  

1．95  1．90  

0．55  0．76  

0．01  0．03  

0．00  0．00  

0．02  0．02  

0．01  0．01  

0．03  0．03  

1．11 1．32  

0．12  0．09  

1．89  1．92  

0．80  0．59  

0．03  0．03  

0．01  0．00  

0．02  0．03  

0．00  0．O1  

0．02  0．Ol  

1．11 1．45  

0．11  0．07  

1．91 1．95  

0．78  0．45  

0．03  0．02  

0．01  0．00  

0．02  0．02  

0．00  0．01  

0．03  0．02  

1．15 1．17  0．09  

0．180．14  0．03  

1．86  1．89  0．03  

0．66  0．71 0．08  

0．03Jo．04 0．01  
0．00  0．00  0．00  

0．02  0．02  0．01  

0．O1 0．01 0．00  

0．09  0．02  0．01  

Mg2＋ 1．17  

A13＋  0．12  

Si4＋  l．89  

Ca2＋  0．72  

Ti4＋  0．04  

V5＋  0．01  

Cr3＋  0．02  

Mn2＋   0．00  

Fe2＋  0．04  

Tota1   4．00  4．00  3．99  3．99  3．99  4．O1 4．00  4．00  3．99  0．01  

En％   96．83 97．91 99．03 97．46 98．50 97．79 97．73 93．05  98．40 1．10  
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Tbble3．16b．Quantitativeanalysesofrimsofolivinesinthecorepartofthesecondarysphere．  

RimsofolivineinthecorepartofthesecondarySphere  

Oxidewt．％  7  67  68  70  71  81  83  85  Avera  e St．Dev．  

52．63  46．67  

0．09  0．00  

41．47  38．79  

0．34  0．34  

0．01  0．01  

0．12  0．08  

0．06  0．10  

6．61 13．63  

0．00  0．00  

55．01 50．55  

0．00  0．55  

41．33  40．55  

0．27  0．20  

0．28  0．34  

0．02  0．48  

0．08  0．21  

3．42  6．23  

0．23  0．15  

51．05 53．83  

0．00  0．21  

40．11 40．91  

0．24  0．33  

0．19  0．11  

0．03  0．21  

0．22  0．04  

7．12  5．28  

0．02  0．13  

50．51～ 51．71 2．62  

1．05  0．31 0．38  

39．07 40．27  0．99  

0．14  0．27  0．07  

0．23  0．16  0．12  

0．70  0．32  0．35  

0．12  0．12  0．07  

6．70：6．48  3．29  

0．03  0．08  0．08  

MgO  53．45  

A1203   0．55  

SiO2   39．92  

CaO  O．28  

TiO2  0．13  

Cr203   0．94  

MnO  O．09  

FeO  2．81  

NiO  O．06  

Tota1  98．23 98．98 101．05101．33 99．62 100．64 99．26 9臥55 99．71 1．17  

Numberofcations（0；＝4）  Avera  e St．Dev．  

1．86  1．91  

0．00  0．01  

0．98  0．98  

0．01  0．01  

0．00  0．00  

0．00  0．00  

0．01  0．00  

0．15  0．11  

0．00  0．00  

1．87  1．75  

0．00  0．00  

0．99  0．97  

0．O1  0．01  

0．00  0．00  

0．00  0．00  

0．00  0．00  

0．13  0．29  

0．00  0．00  

1．95  1．83  

0．00  0．02  

0．98  0．99  

0．01  0．01  

0．00  0．01  

0．00  0．O1  

0．00  0．01  

0．07  0．13  

0．00  0．00  

1．85  1．87  0．06  

0．03  0．01 0．01  

0．96  0．98  0．01  

0．00  0．01 0．00  

0・000．00 0．00  

0．01  0．01 0．01  

0．01  0．00  0．00  

0．14  0．13  0．07  

0．00  0．00  0．00  

Mg2＋ 1．94  

A13＋  0．02  

Si4＋  0．97  

Ca2＋  0．01  

Ti4＋  0．00  

Cr3＋  0．02  

Mn2＋   0．00  

Fe2＋  0．06  

Ni2＋  0．00  

Tota1   3．01  3．01  3．02  3．O1  3．02  3．01  2．99  3．O1  3．01 0．01  

Fo％   97．13 92．74 94．78 93．42 85．92 96．63 93．53 93．07 93．40 3．44  

1もble3・16c・Quantitadveanalysesofolivinesbetween也ecorepartandtherimofthesecondarysphere．  

Olivinesattheboundarybetweenthecoreandtherim  

79   86   88   Oxidewt．％ 76   77   78  87  89 ≡Ave  e St．Dev．  

42．89 46．98  40．32  

0．04  0．00  1．81  

39．89 39．73  37．22  

0．72  0．33  0．26  

0．20  0．16  0．37  

0．21  0．00  3．00  

0．03  0．08  0．04  

17．05 12．84 17．19  

0．00  0．00  0，11  

40．10 42．64 36．15  

0．04  0．28  0．45  

38．06  38．49 37．33  

0．07  0．23  0．24  

0．22  0．21  0．03  

0．23  0．12  0．07  

0．18  0．03  0．02  

22．14 18．70 25．63  

0．06  0．12  0．00  

MgO  47．27  

A1203   0．22  

SiO2   40．78  

CaO  O．19  

TiO2  0．12  

Cr203   0．09  

MnO  O．12  

FeO  ll．69  

NiO  O．05  

31．20 

0．560．43  0．59  

35．！椙≡ 38．44 1．61  

0．18  0．28  0．19  

0．19  0．19  0．10  

0．24  0．50 1．02  

0．24  0．09  0．08  

31．61 19．61 6．64  

0．00  0．04  0．05  

Totd lOO．53101．03100．12100．32101．10100．82．99．92 100．20100．51 0．44  

Numberofcations（0荘4）  e St．Dev．  

1．26  1．56  0．16  

0．02：0．01 0．02  

0．98  0，98  0．02  

0．01  0．01 0．01  

0．00  0．00  0．00  

0．01 0．01 0．02  

0．01  0．00  0．00  

0．72  0．42  0．16  

0．00  0．00  0．00  

1．61 1．43  

0．01  0．01  

0．98  0．99  

0．01  0．01  

0．00  0．00  

0．00  0．00  

0．00  0．00  

0．40  0．57  

0．00  0．00  

1．60  1．74  

0．00  0．00  

1．00  0．99  

0．02  0．01  

0．00  0．00  

0．00  0．00  

0．00  0．00  

0．36  0．27  

0．00  0．00  

1．53  1．54  

0．05  0．00  

0．95  0．98  

0．01  0．00  

0．01  0．00  

0．06  0．00  

0．00  0．01  

0．37  0．48  

0．00  0．00  

Mg2＋ 1．73  

A13＋  0．01  

Si4＋  1．00  

Ca2＋  0．00  

Ti4＋  0．00  

Cr3＋  0．00  

Mn2＋   0．00  

Fe2＋  0．24  

Ni2＋  0．00  

Total  2．99  2．99  3．O1 2．99  3．01 3．01 3，00  3．01 3．00  0．01  

Fo％   87．82 81．76 86．70 80．70 76．35 80．25 71．54 63．76 78．61 7．95  
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Thble3．18a．Quantitativeanalysesofspinelsinthecorepartofthesecondarysphere・  

Thesplnelcluster  

Oxidewt．％ 1  2  3  4  5  6  7  8  9  10  

17．81 27．18 25．94  

0．03  0．20  0．10  

15．62 1．79  3．09  

60．38 64．14 61．81  

0．57  0，39  0．59  

2．25  2．47  3．98  

1．45  0．49  0．46  

0．86  1．86  2．55  

27．36 23．04 26．91  

0．39  0．06  0．07  

2．15  7．87  2．44  

67．27 62．64 65．52  

0．14  0．44  0．41  

1．06  2．32  1．92  

0．68  0．16  0．21  

0．58  1．61 1．69  

14．97 17．43  

0．00  0．00  

20．18 16．55  

59．84 61．79  

0．29  0．29  

1．83  l．84  

0．13  0．22  

1．40  l．19  

MgO  26．57 22．70  

CaO  O．05  0．00  

FeO  3．18  7．35  

A1203  66．08 61．49  

V203  0．31  0．66  

Cr203  1．36  4．11  

SiO2  0．00  0．57  

TiO2  1．16  1．45  

Tota1  98．71 98．33  99．63  98．14 99．17  98．64 99．31 98．97  98．52  98．52  

Numberofcations（0＝4）  

0．86  0，99  0．87  

0．00  0．01  0．00  

0．16  0．04  0．17  

1．84 1．92  1．87  

0．01  0．00  0．01  

0．08  0．02  0．05  

0．01  0．02  0．00  

0．03  0．01  0．03  

l．00  0．96  

0．O1 0．00  

0．04  0．06  

1．86  1．81  

0，01  0．01  

0．05  0．08  

0．O1  0．01  

0．03  0．05   

Mg2＋  0．97  

Ca2＋  0．00  

Fe2＋  0．07  

A13＋  l．91  

V3＋  0．01  

Cr3＋  0．03  

Si4十  0．00  

Ti4＋  0．02  

0．98  0．60  

0．00  0．00  

0．05  0．45  

1．89  1．88  

0．01  0．01  

0．04  0．04  

0．01  0．00  

0．03  0．03  

0．68  0．69  

0．00  0．00  

0．36  0．34  

1．89  1．85  

0．01  0．01  

0．04  0．05  

0．O1  0．04  

0．02  0．02  

Tota1   3．01 2．99  3．00  3．00  3．00  3．00  3．00  2．99  3．00  2．99  

Mg／（Mg＋Fe）93．71 84．63 95．78 83．92 95．16 56．94 65．24 67．02 96．44 93．74  

isolated   

32  Aver  Oxidewt．％ 12  13  14   15  16  20  21   22  e St．Dev．  

MgO  27．22 27．23  

CaO  O．13  0．11  

FeO  2．48  2．26  

A1203  65．65 66．79  

V203   0．42  0．54  

Cr203   2．26  1．99  

SiO2  0．05  0．15  

TiO2   1．26  0．73  

25．38  24．92  

0．24  0．24  

4．84  5．09  

66．00 63．95  

0．45  0．42  

1．72  1．49  

0．34  1．25  

1．24  0．97  

25．34 18．26  

0．64  0．06  

3．77 14．85  

61．19 60．65  

0．55  0．47  

2．07  2．40  

0．91  0．29  

5．04  1．30  

16．31 19．87  

0．11  0．03  

18．11 12．98  

59．67 63．05  

0．41  0．36  

2．94  0．84  

0．31  0．12  

2．04  0．99  

27．2123．24  4．35  

0．49  0．16  0．18  

2．19  7．73  6．40  

66．79 63．41 2．58  

0．48  0．43  0．12  

1．15  2．11  0．86  

1．45  0．49  0．46  

0．24 1．48  1．01  

Total   99．47 99．80 100．21 98．33 99．5198．28 99．90 98．24…100．00 99．04 0．68  

Numberofcations（0；≡4）  Average St．Dev．  

Mg2＋  0．99  

Ca2＋  0．00  

Fe2＋  0．05  

A13＋   1．89  

V3＋  0．01  

Cr3＋  0．04  

Si4＋  0．00  

Ti4＋  0．02  

0．98  0．92  

0．00  0．01  

0．05  0．10  

1．91 1．90  

0．01  0．O1  

0．04  0．03  

0．00  0．01  

0．01  0．02  

0．92  0．93  

0．01  0．02  

0．11  0．08  

1．87  1．78  

0．01  0．O1  

0．03  0．04  

0．03  0．02  

0．02  0．09  

0．71 0．64  0．76  

0．00  0．00  0．00  

0．32  0．40  0．28  

1．87  1．84 1．92  

0．01 0．01  0．01  

0．05  0．06  0．02  

0．01 0．O1 0．00  

0．03  0．04  0．02  

0．98  0．86  0．14  

0．01 0．00  0．00  

0．04  0，17  0．14  

1．89 1．87  0．04  

0．01 0．01 0．00  

0．02  0．04  0．02  

0．03  0．01  0．01  

0．000．03 0．02   

Tota1   3．01 3．01 3．00  3．00  2．97  3．00  3．00  3．01  

叫g／（Mg＋Fe）95．14 95．55 90．33 89．72 92．30 68．67 61．61 73．18  

3・003・00 0・01  
95．68 83．93 13．68  

70   
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Thble3・19a■TheoxygenisotopICanalysesfbr血emineralsofAL95－2－トCDL・1in’97／12／04－07・The  

dataofSPUGroupl，2and3analyzedin－97／12／04－07areglVeninThble2・1c・  

1997／12／04・07AL95－2・1－CDL・lcompound chondrule spuGroupllo＊  
170／1bo o．00038521．271E一イ始  

180／1bo o．0020294 2．636E－イ略  

160  10・†  81HosMOW lロ†BG160H lo・†  8170sMOW lo・†  

て＝25．6ns  ％0  ％0  ％ロ  CpS  

409934．663 105．780  

404176．432 426．329  

392585．604 525．421  

400125．485 382．245  

409405．599 638．948  

3．388  l．797  0．260  

1．412  2．269  0．252  

l．118   2．089  0．363  

－19．075  2．268  0．306  

－12．210  2．160  0．318  

5．813E－03  

5．756E－03  

8．156E－02  

2．505E－02  

7．431E－03  

AnOl  －2．501 3．070  

AnO2  －3．477  2．899  

AnO3  0．586  3．389  

sso10l   －19．994  3．095  

sso102  －16．065  3．150  

SPUGroup2 1¢＊  
170／沌0 0．0003866 3．153E一欄7  
ほ0／lbo o．0020325 2．653E」）6  

BGlboH lロ†   】60  1ロ  8川osM。W lロ  6170sM。W lロ  
て＝25．6ns  ％r〉  ％の  ％β  CpS  

2．400  0．221 1．078E－02 413818．5141007．210  

1．952  0．217  5．061E－03 449392．493 1267．887  

2．046  0．144  3．051E－03 431079．373 1868．672  

2．103  0．139  3．380E－03 43646臥217 1661．090  

NeOl   －4．235  2．836  －0．016  

ssolO3  －14．549  3．115  －12．932  

SpOl  －32・974 2・873 －28・695  

psO101 －14・220 3・068 －10・766  

SPUGroup3 1ロ＊  
】70／lbo o．0003875 5．754E－07  
柑0／沌0 0．0020402 2．674E－06  

8川osMOW lo・†  BG沌oH lロ1－   1bo  lロ†  8170sM。W lo・  
T＝25．6ns  ％¢  ％8  ％〔】  CpS  

－13．236  2．059 1．014  0．128  

－11．539 1．899 76．柑6   0．242  

－13．203  1．897  0．421 1．948E－02  

－10．445 1．864  0．367  7．530E－03  

－32．348  2．O14  0．319  7．8171王－03  

psPxOl －13・972 3・037  
psPxO2  －13・613 2・999  
sspxol  －13．779  2．719  

ssPxO2  －1l．217  2．720  

SpO2   －∬・586 2・851  

424905．557 826．570  

406345．412 2．92．663  

朋4059．477 807．568  

427945．827 894．782  

393052．671 529．764   

PS芝thepnmarysphere ss＝thesecondarysphere   
Ol芸01ivine PxニpyrOXene Sp＝SPlnelAn＝anOrthite Ne＝nepheline  

Thble3・19b・Thesurrmaryof血emeasurementsofぬeoxygenisotopICCOmPOSitionsofthemineralsof  

AL95－2－1－CDL．1．  

Thesummary ofthe primary sphere ●  

8170sM。W lロ  8川osM。W loI BGlboH  lo・   180  1ロ  

て＝25．6ns   ％‘  髄¢  ％¢  CpS  

olivine  －14．220  3．068† －10．766  2．103† 0．139 3．380E＿03†436468．217  166l．090†  
pyroxene －13・792 0・179‡一12・387 0朋9‡38．600 37．586‡415625．485 92弧073‡  

Thesummary Ofthe secondary SPhere  

8170sMOW lロ  8‡80＄M。W lロ BG沌oH  IG  lる0  lo・  

て＝25．6ns   ％6  ％8  ％¢  CpS  

Spinel 一弘2帥 1．30扇 －30．522  
01ivine  ＿16．869 1．揖3‡ ＿14暮739  
pyroxene －12．498 1．281‡－11．824  
弧Or也血  ＿1．797 l．225寺 1．973  
nepheline －4・235 之ぷ6†－0・016  

0．232  0．087‡  412066．02219013．351‡  

2．178キ 0．280  0．032章 419641．19315‖4．949‡  
1．379寺 0．394  0．027寺 436002．652 8056．呂25‡  
0．713寺 0．292  0．036‡咄2232．233 510l．71之‡  
2．咄0†0．2211．078E－0ユ†41381臥5i41007．ヱ10†  

＊Errorofthemean（10）ofmeasurementsonthespinelstandards．  

†Standarderror（lo）ofmeasurementsonindividualminerals．  

章Standarderror（1o）ofdlemean．  
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Fig．2．1．1サPicalmassspectraofnegativesecondary10nSintheatomicmass16，17and18reg10nS・  

IonsweresputteredfromaterrestrialsplnelsinglecrystalパSPUnbybombardmentwithCsions・  
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tionscalculatedfromioncounts．  
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Fig．3．1a．BSEimageofAl－2b－1BOC．  

Fig．3．1b．TYlerOughsketchofthetextureofAl－2b－1BOC．  
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■      ■  

1竺  

l富  

Fig・3・ia・TheX－raylmageOfMgofAl－2b－1BOC．  

lL」  

▼‾‾‾‾ 「 「丁        － 」  ．＿        ＝           －－        【－「二1．．1．＿．「，．  

Fig・3・2b・T血eX－raylmageOfFeofAl－2b－1BOC．  
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Fig・3・2c・TheX－raylmageOfAlofAl－2b－1BOC．  

Fig・3・2d・TheX－raylmageOfSofAl－2b－1BOC．  
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CaO＋A1203  MgO＋FeO  

Na20   

CaO＋A1203  MgO＋FeO  

Fig・3・3・ThebulkcompositionofthecorepartofAl－2b－1（afterShengetal．，1991，GCA55，581－  

599，Fig．4）．  
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Fig・3．4．TheanalyzedpolntSOfolivinesinAト2b－1BOC．  

Fig．3．5．ThetextureofthemesostasisofAl－2b－1BOC．  
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Fig・3・6a・TheanalyzedpolntSOfthemesostasissurroundingthesplnelgrain・  

Fig・3・6b・TheanalyzedpolntSOfthemesostasisfhrffomthesplnelgrain・  
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Fig．3．7．TheanalyzedpolntSOfOlivineandpyroxenesintheinnerrim．  
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Fig・3・8a・BSEimageofthesplnelgraininAIN2b－1BOC．  

Fig・3・8b・TheinterpretationofFig．3．7a．  
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Fig．3・9．TheanalyzedpolntSOfthespinelgraininAl－2b－1BOC．  
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5知t＿Ⅹ  

ロWt．X  

Fig・3・10a・TheX－raylmageOfMgofthesplnelgraininAl－2b－1BOC．  

■‾  

1ロWt＿Ⅹ  

Owt＿麗  

Fig・3・10b・TheX－raylmageOfFeofthesplnelgraininAl－2b－1BOC・  
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「  了知t．麗  

ロWt＿冤  

■■■」」             ■l■    1＿  」   

Fig・3・10c・TheX－raylmageOfAlofthesplnelgraininAl－2b－1BOC．  

加t．麗  

Fig・3・10d・TheX－raylmageOfCrofthesplnelgraininAト2b－1BOC・  
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ち知t．X  

口I〝t＿麗  

Fig．3．10e．TheX－raylmageOfCaofthesplnelgraininAl－2b－1BOC・  

空帥．X  

∨．rt＿寛  

Fig・3・10f・TheX－raylmageOfSiofthesplnelgraininAト2b－1BOC・  
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200亡OuntS  

0亡Ount  

Fig・3・10g・TheX－raylmageOfTiofthesplnelgraininAl－2b－1BOC．  

了5亡OuntS  

0亡Ount  

Fig・3・10h・TheX－raylmageOfNiofthesplnelgraininAl－2b－1BOC・  
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Fig・3・11・BSEimageoftheboundarybetweenthesplnelgrainandthemesostasis・Theboundary  

betweenthesplnelandSI－3alsoexhibitaserratedappearance．  
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Fig・3・12・BSEimagesofthesilicateinclusionsintheAl－2b－1spinelgrain：（a）SI－1（b）SI－2（c）SI－  

3（d）SI－4（e）SI－5．  
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Fig・3・13・Theanalyzedpointsofthesilicateinclusionsinthespinelgrain：（a）SI－1（b）SI－2（C）SI－  

3（d）SI－4（e）SI－5．  
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Fig・3・14a・ThecomparisonofSiO2COntentSOffeldspathicphasesbetweenthemesostasisand  
silicateinclusions．  
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Fig・3・14b・ThecomparisonofAl203COntentSOffeldspathicphasesbetweenthemesostasisand  
silicateinclusions．  
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Sト1   Sト2  Sト3  Sl－5 mesostasis  

Fig・3・14c・ThecomparisonofCaOcontentsoffeldspathicphasesbetweenthemesostasisand  
silicateinclusions．  
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Fig・3・15a・ThecomparisonofSiO2COntentSOffassaiticphasesbetweenthemesostasisandsilicate  

inclusions．  
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Fig・3・15b・ThecomparisonofMgOcontentsoffassaiticphasesbetweenthemesostasisandsili－  
cateinclusions．  
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Fig・3・15c・ThecomparisonofCaOcontentsoffassaiticphasesbetweenthemesostasisandsilicate  
inclusions．  
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Fig・3・17・TheanalyzedpointsoftheoxygenisotopICeOmPOSitionsofAl雪2b－1BOC．  
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Fig・3・18a・BSEimageofAL95－2－1－CDL・1compoundchondrule・  

Fig・3・18b・ⅥlerOughsketchofthetextureofAL95－2－1－CDL・1compoundchondru1e・  
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Fig・3・19・ThebulkcompositionofeachsphereofAL95－2－1－CDL．1（afterShengetal．，1991，GCA  

55，581－599，Fig．4）．  
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10W  X－rayintensity  

ThecontinuationofFig・3・2 Na，（f）Si，（g）Ni，（h）S．  
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Fig・3・21・BSEimageofthePOcoreintheprlmarySPhere．  
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Fig・3・23・BSEimageofthePPriminthepnmarysphere．  

7
 
 

6
 
 

5
 
 

4
3
 
 
 

（
箪
l
主
c
O
N
一
＜
 
 

2
 
 

Fig・3・24・Thevariationofthecompositionsofpyroxenesinthepnmarysphere・  
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Fig・3・25・BSEimageoftheboundarybetweentheprlmarySPhereandthesecondarysphereof  

AL95－2－トCDL・1・ThedashedlinerepresentstheboundarybetweentheprlmarySPhereandthe  

SeCOndarysphere．  
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Fig・3・26・TheX－rayimagesofthesecondarysphereinAIJ95－2－1－CDL・1‥（a）Mg、（b）Fe，（C）Al，（d）Ca．  
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Fig・3・27・Themineralcompositionofthesecondarysphere・  
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Fig・3・28・Thevariationofthecompositionsofpyroxenesinthesecondarysphere．  

Fig・3・29・BSEimageoftheolivineclusterinthesecondarysphere・  
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Fig・330・TheXrrayimagesoftheolivineclusterinthesecondarysphere：（a）Mg，（b）Fe，（c）Al，（d）Ca．  

Fig．3．31．BSEimageofthesplnelclusterinthesecondarysphere．  

117   



10W  X－rayintensity  

Fig 

118   



Fig・3・33・BSEimageoftheisolatedsplnelgraininthesecondarysphere．  

119   



Fig・3・34a・ThewholeBSEimageofthemultilayeredrim・Thesquareontherimrepresentsthe  

areashownin Fig．3．32b．  

Fig・3・34b・ThedetailedBSEimageofthemultilayeredrim・  
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Fig・3・35・Theoxygenisotopiccompositionsofthem往lOrPhasesinAL95－2－トCDL・1compound  

chondru1e．TheoxygenisotopICCOmPOSitionofthetypicalTypeBCAIsisrepresentedtogether・  
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Fig・3・36a・TheanalyzedpolntSOftheoxygenisotopiecompositionsoftheprlmarySphereof  

AL95－2－1－CDL．1．‘‘ps”＝thepnmarysphere・  

Fig・336b・Theanalyzedpointsoftheoxygenisotopieeompositionsofthesecondarysphereof  

AL95－2－1－CDL．1．“ss”＝theseeondarysphere．  
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Fig・4・1a・TheexampleofFeOandCr203ZOnlngPrOfilesintheAl－2b－1splnelgrain・  

Fig・4・lb・TheportionextractedtheconcentrationdatashowninFig・4・1a・  
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Fig・4・7・ThecomparisonoftheoxygenisotopICCOmPOSitionbetweenthemqorphasesofAl－2b－  

1BOCandCAIs，theisolatedolivinegrainsandchondrules．TheoxygenisotopICCOmPOSitionof  

eachphaseisthemeanoftheindividualmeasurementsofeachphase，andtheerroristhestandard  

error（1cr）ofthemean．  
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Fig・4・8・ThemodelfbrtheformationofAl－2b－1BOC：（l）Thefbrmationoftheprecursormateri－  

als・（2）Thetransientheatingeventandthemeltingoftheprecursormaterials．（3）Theformationof  

thecorepartofAl－2b－1BOC・（4）ThefbrmationoftherimaroundthecorepartofAl－2b－1BOC．  
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Fig・4・10a・ThecorrelationbetweenNaandCainthemesostasisinthePPrimoftheprlmary  
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Fig．4．10b・ThecorrelationbetweenNaandCainnephelinesinthesecondarysphereofAL95－2－  
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Fig・4・11・TheconcentrationmapsofelementsobtainedbyanhydrousalterationofAL95－2－1－  

CDL・1andthezonesofthesecondaryalterationphases：（a）Na，（b）Cl，（c）K，and（d）thezonesof  

thesecondaryalterationphases．  
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