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Noble　Gas　Study　of　the　Hamlet　Meteorite（LL4）．　Sachiko　Amari1，Yukie　Sabe2，Tomokazu

Shiraishi2　and　Jun－ichi　Matsuda2，　IMcDonnell　Center衣）r　the　Space　Sciences　and　the　Physics

Department，　Washington　University，　St．　Louis，　MO　63130，　USA，2Department　of　Earth　and

Space　Science，　Osaka　University，Osaka，560－0043，Japan．

Intro《1uction：

　　　　Heavy　noble　gases　in　primitive　meteorites　are

contained　in　a　very　small　portion　（＜　1％）of

meteorites　［lL　This　phase　was　dubbed　Q　fbr

quintessence　［1］．　It　is　rnost　likely　carbonaceous

matter［2，3］but　the　exact　nature　of　Q　remains

enlgmat1C．

　　　　In　a　continued　effort　to　better　understand　Q

【4－7］，we　separated　an　HF－HCI　residue　from　Hamlet

（LL4）and　analyzed　noble　gases　in　the　residue　and

the　bulk　meteorite．　It　has　been　shown　that　the　more

thermal　metamorphism　meteorites　experienced，　the

more　SiC，　diamond，　and　Q　were　destroyed，　and　that

Qis　most　resistant　among　the　three　phases［8］．Thus，

Hamlet　may　still　contain　Q，but　not　sic　and　diamond．

Since　Q　and　diamond　are　hard　to　separate　from　each

other，　a　sole　presence　of　Q　would　help　us　study

characteristics　of　Q　in　Hamlet．

Experimental：

　　　　The　separation　was　carried　out　at　Washington

University　in　St．　Louis，　USA．　Fragments　that

weighed　3．47　g　were　treated　alternately　with　HF－HCl

and　HCI　to　dissolve　silicates．　Elemental　sulfUr　was

removed　with　CS2．　The　residue　comprised　1．11％of

the　starting　materiaL

　　　　Noble　gases　in　the　bulk　meteorites　and　the

HF－HCl　residue　were　analyzed　by　step－wise　heating

at　Osaka　University，　Japan．　The　temperature　steps

were　600，800，1000，1200，1400　and　l600°C　fbr

both　samples．　Since　the　noble　gas　concentrations　in

the　1600°C　fraction　in　the　HF－HCI　residue　were　so

low，only　element　abundances　were　determined．

Results　and　Discussion：

　　　　The　84Kr　and　l32Xe　concentrations　in　our　bulk

sample　are　l．24×10－9　and　l．40×10－9　cm3STP／g，

respectively．　They　are　2．2　and　2．8　times　higher　than

those　of　the　same　meteorite　by　Alaerts　et　al．［9］．

However，4He，22Ne　and　36Ar　concentrations　are

comparable　in　the　two　studies，　indicating　Q　is　more

abundant　in　our　bulk　sample．　We　concluded　that　the

dif允rence　was　due　to　heterogeneity　in　the　meteorites．

Such　substantial　differences　in　samples　from　the

same　meteorite　are　not　uncommon：the　l32Xe

concentration　of　an　HF－HCI　residue　from　the　Ornans

meteorite（CO3．3）was　Ll8×10与cm3STP／g　by
Srinivasan　et　al．［10］，　but　that　by　Alaerts　et　al．［11］

was　4．62×10－7　cm3STP／g，　significantly　lower　than

the　fbrmer．

　　　　The　B2Xe　concentration　of　the　HF－HCI　residue

is　9．24×　10－8　cm3STP／g，　indicating　that　Q　was

enriched　66　times　from　the　bulk　sample．　The　mass

balance　calculation　indicates　that　73　percent　of　the

Xe　in　the　bulk　sample　remains　in　the　HF－HCl

residue．

　　　　In　a　l34Xe／l32Xe－136Xe／132Xe　plot，　the　Xe　in　the

residue　were　shown　with　that　of　Q（＝P1）［8，12］and

air（Fig．1）．All　data　points　except　that　of　the　l　400°C

fraction　plot　around　Q．　Diamond　carries　xe－HL，

which　has　high　134Xe／132Xe　and　l36Xe／132Xe　ratios

（0．6361and　O．7，respectively）［13］and　plots　outside

of　the　figure．Thus，the　HF－HCl　residue　contains　only

Qbut　not　diamond．

　　　　The　Ne　in　both　bulk　sample　and　HF－HCl

residue　show　an　overwhelming　presence　of
cosmogenic　Ne（Fig．2）．　The　total　Ne　in　the　bulk

sample　plots　very　close　to　a　typical　cosmogenic　Ne

［14］．Even　a丘er　removing　silicates，　the　HF－HCl

residue　still　contains　a　significant　amount　of

cosmogenic　Ne．　The　Ne　data　points　lie　on　a　straight

line，which　is　explained　by　a　two－component　mixture，

Hamlet　Ne－Q　and　cosmogenic　Ne．　Interestingly，　the

mixing　line　does　not　go　through　the　typical

cosmogenic　Ne：the　cosmogenic　component　in　the
HF－HCI　residue　contains　less　21Ne　than　the　typical

cosmogenic　Ne．This　may　be　due　to　the　diffbrence　of

mineral　compositions　in　the　bulk　sample　and　the

HF－HCI　residue．In　the　fbrmer，　silicates　are　dominant，

thus　Mg　and　Si　are　target　elements．　In　the　iatter，

where　all　silicates　are　removed，　oxides　must　be　a

significant　cornponent．

　　　　In　order　to　determine　the　20Ne／22Ne　ratio　of　the

other　end　member，　Hamlet　Ne－Q，　we　needed　to

assume　what　the　21Ne／22Ne　ratio　of　Hamlet　Ne－Q

would　be．　We　took　O．029　as　the　ratio．　It　was　because

21Ne／22Ne　ratios　of　Ne－Q　from　many　meteorites　are～

0．029［7，12］．The　20Ne／22Ne　of　Hamlet　Ne－Q　was

determined　to　be　11．0±0．5．

　　　　It　has　been　known　that　20Ne／22Ne　ratios　of　Ne－Q

vary　in　different　meteorites　and　that　they　can　be

divided　into　two　groups［8，12］．The　flrst　group　has
20Ne／22Ne　ratios　of　lO」1±0．04　and　the　second　group

has　those　of　10．57±0．19［12］．The　meteorites　of　the

first　group　include　Lnac6　（CO3．4），　and　Cold

Bokkeveld（CM2），　and　those　of　the　second　group

include　Allende（CV3），　Chainpur（LL3．4），　Grosnaja

（Cv3）and　Murchison　（CM2）．　Hamlet　Ne－Q
obviously　falls　into　the　second　group・
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The　data　points　fOrm　all　temperature　steps　lie　on　a

straight　line，　indicating　the　Ne　in　the　residue　is　a

two－component　mlxture．
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Imn　metal　and　its　compounds　in　the　Almahata　Sitta　and　Antarctic　ureilites．　Y　Aoyagil，T

Mikouchil，C．　A．　Goodrich2，　and　M．　E．　Zolensky3，　lDept．　of　Earth＆Planet．　Sci．，　University　of

皿）kyo．　Hongo，　Bunkyo－ku，　Tbkyo　113－0033，　Japan，　aoyagi＠eps．s．u－tokyo．acjp，2Planet．　Sci．

Inst．，　Tucson，　AZ　85719，　USA，3NASA－JSC，　Houston，　TX　77058，　USA．

1ntroduction：

　　　　Ureilites　are　ultramafic　achondrites　whose

origin　and　history　are　still　controversial．　Ureilites　are

mainly　composed　of　olivine，　low－Ca　pyroxene

（pigeonite），　Fe－Ni　metal，　Fe　sulfides　and　carbon

phases．　Almahata　Sitta（AS），　having　fallen　on　the

earth　in　October　2008，　was　classified　as　a　polymict

ureilite　and　consists　of　cm－to－mm　fYagments　of　many

different　ureilitic　lithologies　with　various　chondritic

lithologies［1，2］．

　　　　Fe－Ni　metal　is　one　of　the　m司or　components　of

ureilites．　Metahn　most　AS　ureilite　ffagments，　as　in

other　ureilites，　exists　as　primary　grain　boundary

metal，　and　also　as　secondary　reduction　metal　at

silicate　rims．　Some　grain　boundary　metals　in　AS

ureilites　show　unique　textures，　not　fbund　in　main

group　ureilites［3，4］．　In　particular，　metals　in　AS＃44

show　　complex　　assemblages　with　　various
combinations　ofα一iron（bcc），γ一iron（たc），　cohenite

（［Fe，Ni］3C）and　schreibersite（［Fe，Ni］3P）．

　　　　We　continued　to　observe　grain　boundary　metals

in　more　AS　ffagments　in　order　to　look　fbr　features

resembling　those　in　＃44．　Consequently　we
discovered　metal　grains　in　other　AS　samples，

showing　complex　assemblages　similar　to＃44［5，6］．

　　　　Because　those　mineral　assemblages　have　not

been　reported　in　other　ureilites　［3－7］，　it　is　of　great

interest　whether　such　assemblages　are　really　absent

in　other　ureilites．　If　it　is　the　case，　the　fbrmation　event

of　such　assemblages　only　occurred　in　the　AS　parent

body．　In　order　to　better　understand　the　fbrmation　and

thermal　history　of　AS　metal　together　with　the

且）rmation　of　ureilite　parent　body（UPB）in　general，

we　observed　several　Japanese　Antarctic　ureilites　to

search　similar　assemblages　composed　of　Fe　metal

and　its　compounds．

Samples　and　Analytical　Methodsl

　　　　V泥　　studied　five　thin　sections　of　Japanese

Antarctic　ureilites（MET78008，　Y」792663，　Y」82100，

Y980851，　Y981810）　because　their　degrees　of
terrestrial　weathering　are　weaker　than　other　samples

and　metal　grains　are　fresh　and　unoxidized．　Y－792663

is　fine－grained，　and　the　others　are　coarse－grained

samples．　Their　metal　grains　were　analyzed　by

FEG－SEM（Hitachi　S－4500）with　EDS　and　electron

backscattered　dif廿action　（EBSD）　detectors．　To

identify　mineral　phase　in　metal　assemblages，　we　used

EBSD　to　obtain　Kikuchi　patterns　and　analyzed　them

by　using　a　soRware　developed　by　［8］．　We　also

perfbrmed　quantitative　analysis　and　elemental

mapping　of　the　metal　grains　by　using　EPMA（JEOL

JXA－8900L　and　JXA－8530F）．

Results：

　　　　Asurvey　of　the　grain　boundary　metals　in　AS

ureilites　by　SEM　and　elemental　mapping　revealed

that　some　metals　in　these　samples　contain　mixtures

of　various　phases　similar　to　those　in＃44．　Especially

in　AS＃44，＃S138　and　H　1，complex　textures　and　clear

contrast　variations　in　BEI　and　remarkable
compositional　diffbrences　in　elemental　mapping　were

observed　within　some　metal　grains（Fig．1）．

　　　　Based　on　identification　by　EBSD，　the　brighter

areas　in　BEI　correspond　toα一iron　while　the　darker

areas　correspond　to　γ一iron　（Fig．2）　although　both

phases　have　low－Ni　compositions　corresponding　to
‘‘

kamacite”．　In　H　l，　intergrowths　of　lathyα一iron　and

interstitialγ一iron　areas　are　obviously　seen（Fig．3）．

The　compositional　dif琵rence　between　the　two　iron

phases　can　hardly　be　seen　as　those　in　other　samples．

In　addition，　EBSD　analysis　in　the　darkest　areas

within　metal　grain　revealed　that　they　had　pattems

different　l丘om　those　ofγ一iron　and　they　are　either

cohenite　or　schreibersite（Fig．2）．　The　BEI　contrast

amongγ一iron，　cohenite　and　schreibersite　is　not　strong，

but　each　area　is　easily　distinguished　in　carbon　and

phosphorus　elemental　maps　（Fig．1）．　Besides，

cohenite　is　present　as　euhedral　crystal　while

schreibersite　is　intergrown　with　other　un㎞own

phases．

　　　　In　AS＃27，＃49　and　MS＃154，　we　also　con且rmed

similar　metal　textures　as　well　as　in＃44，＃Sl38　and

Hl．However，　iron　and　iron　compound　textures　were

not　pronounced　in　these　samples．　Although　there　are

varying　degrees　in　this　way，　it　is　suggested　that

characteristic　iron　phase　assemblages　can　be　seen

generally　in　all　AS　ureilites．

　　　　In　Japanese　Antarctic　ureilites，　such　unusual

metal　textures　were　not　common　as　they　are　rare　in

AS　＃27，＃49　and　MS＃154．　Fe　carbide　was
discovered　only　in　a　few　grains　in　MET78008，

Y82100　and　Y980851（Fig．4）．　Also，　based　on

chemical　mapping，　we　fbund　metals　surrounded　by

Fe　phosphide．　The　grains　showing　contrast　in　BEI

despite　homogeneity　of　Fe　composition　with　low－Ni

compositions　were　observed．　This　contrast　may　be

derived　fセom　coexistence　ofα一iron　andγ一iron，　which

we　are　going　to　characterize　in　fUture　analysis．

Discussions　and　Conclusions：

　　　　Most　metal　grains　in　main　group　ureilites　apPear

to　be　pure　kamacite，　and　do　not　usually　show

coexistingα一iron　andγ一iron　as　they　are　remarkable　in

some　AS　ureilites［9］．　The　coexistence　of　these　two

iron　phases　in　AS　metals　suggests　a　more　complex

history　that　did　not　occur　in　other　ureilites，　involving

shock－reheating．　By　shock，　metal　grains　were
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reheated　tlll　stable　temperature　of　Y－lron　and　then

they　were　quenched　to　crystalllze　lathyα一1ron　upon

coolmg、　Because　coollng　was　rapld　and　the　presence

of　C　enhanced　theγ一1ron　stablllty［7］，　a　part　ofγ一1ron

areas　remalned　m　Interstltlal　areas　Rapld　coolmg　ls

conslstent　with　the　urelllte　thermal　hlstory

　　　　ln　AS　urellltes，　the　assemblage　ofα一lron，γ一lron，

cohenlte　and　schrelberslte　was　observed　m　metal

gralns　In＃44，　the　assemblage　of（兀一1ron　andγ一1ron

（wlthout　cohemte　and　wlth／wlthout　schrelberslte）

was　also　fbund［3，4］As　fbr　other　AS　samples，　the

proportlons　and　combmatlons　of　lron　and　lron

compound　were　varlable　In　a　few　Japanese　Antarctlc

ure111tes，　we　fもund　Fe　carblde　exlstlng　wlthm　the

metal　gram　or　Fe－phosphlde　encloslng　around　the

metal　graln　Further，　Iron　compounds　are　dlstrlbuted

throughout　the　gram，　or　dlstrlbuted　to　only　a　portlon

ofthe　gram．　Therefbre，　we　conslder　that　local　shock

re－meltlng　of　dlffbrent　amounts　of　prlmary　metal　and

surroundmg　materlals（graphlte，　Fe　phosphlde　and

other　Fe　compounds）1s　responsIble　fbr　the　varlatlon

of　mlneral　assemblages　seen　m　those　urellltes

　　　　These　mmeral　assemblages　tend　to　be　less　Ibund

ln　elongated　metal　grams　and　more　m　large　rounded

metal　grams　Thls　ls　probably　because　elongated

rnetal　has　no　gap　between　slllcates，　namely　there　ls

no　materlal　whlch　could　be　mlxed　wlth　metal　On　the

other　hand，　there　was　enough　space　fbr　rounded

metal　to　be　mlxed　wlth　materlals　exlstmg　around

them．

　　　　As　already　mentioned，　the　lron　carbldes　and

phosphldes　were　fbund　m　a　small　part　of　the

Japanese　Antarctlc　urellltes、　That　ls，　more　or　less，1t

ls　mdlcated　that　dlstlnct　metal　textures　are　seen　ln　all

urellltes　as　well　as　AS　urellltes　Consequently，　local

remeltlng　of　metal　whlch　produced　lron　compounds

nlay　have　happened　on　the　UPB．

　　　　Fme－grained　urellltes　are　belleved　to　be　hlghly

shocked　and　thelr　slllcates　show　mosalclzed　textures

From　the　fact　that　these　metal　textures　are　seen　m

both　coarse－gralned　and　fine－gralned　urellltes，　the

event　that　shocked　the　slllcates　and　the　event　that

shocked　the　metal　may　be　separate．
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SODIUM　DISTRIBUTION　OF　PARTIALLY　MOLTEN　PLANETESIMALS　INFERRED　FROM
METEORS　AND　METEOIUTES．　T．　A・ail，　M．　K・m・t・・2，　K．　Ot・uka3，　T．　K・・uga4，1Pl・n・t・ワE・pl・・ati。n　R，．

　　　Introducti①n：　Pr㎞tive　achondrites　have　bun（

chemical　compositions　relatively　close　to　those　of

chondrites，　but　a丘ected　by　incipient　partial　melting

proccese　to　some　extent．　They　record　chemical　and

physical　state　of　the　earUest　melting　on　planetes㎞als．

We　studied　chemical　e丘ect　of　partial　melting　of

Planetes㎞als　by　m㎞eralogical　study　of　pr㎞tive

achondrites　and　astronomical　observation　of　meteor

showers　whose　parent　bodies　are　asteroids．

　　　Samples＆methods：LL－type　ordinary　chondrites

of　d醗rent　equilibration　degree，　Yamato（Y）792772

（LL4），　Y75258（LL6），　and　Y82067（LL7）were　pro－

vided　by　National　Institute　of　Polar　Research　of　Japan

（NIPR）．　Uusual　pr㎞itive　achondrite，　LEW　86220［1】

was　provided　by　the　Antarctic　Meteorite　Working

Group，　and　Caddo　County　with　silicate　mclusions［2］

by　Prof　H．　Takeda　of　Chiba　Institute　of　Tec㎞ology

（Chitech）．　Mineralogical　analyses　were　conducted　with

aJEOL　JSM－6510　analytical　SEM　of　PERC／Chitech，　a

JEOL　JXA－8200　EPMA　of　NIPR，　and　JEOL　JXA－

8900EPMA　ofWaseda　University．

　ReSUlts：

　　　LEW　86220　consists　of　6ne－grained　acapulcoitic　li－

thology　and　coarse－gramed　gabbroic　Uthology　with

smooth　embayed　boundaries　in　between．　The　fbrmer

lithology　血1cludes　oliv㎞e，　orthopyroxene，　plagioclase

（An14．7－16．80r3．44。5）of　lOO－250μm，　troilite　and　FeNi

metal。　The　modal　abundance　is　broadly　chondritic　with

＜10％plagioclase．　The　latter　has　coarse－grained（up　to

7㎜across）plagioclase（細g．5－18，80r3．1与5）（64％），

c㎞o㎜diopside（up　to　2．5㎜across）（15　voL％），

with　minor　FeNi　metal，　troilite，　phosphate．

Silicate㎞clusion　m　Caddo　County　consists　ofcoarse－

grained　gabbroic　lithology，6ne－grained　ma6c－rich　li－

thology，　and　meta1－rich　lithology．　Mineral　compositions

are　constant　among　the　Hthologies．　The　gabbroic　lithol－

ogy　has　coarse－gra㎞ed（up　to　9㎜across）plagioclas－

es　（An16．5－18．20r2．g－3．3）　（59％），　enclosing　chromian

diopsides（28％）with　smaller（＜1㎜across）
orthopyroxene（5％）and　olivine（7％）．　The　metal－rich

lithology　in　direct　contact　with　the　gabbroic　lithology

mcludes　rounded　isolated　gra㎞s　of　plagioclase　and

diopside．　The　ma6c－rich　lithology　contains　6ner－

gramed（≦1㎜across）oliv㎞e，　o宜hop河oxene　and

diopside　with　less　amount　ofplagioclase（～10％）．

Y792772　contains　abundant　chondrules　with　coarse－

gramed　oliv㎞e　and　p”oxene　ofup　to　a食w㎜across．

Anorthite　plagioclase　mostly　occurs　wit㎞chondrules．

Y75258㎞cludes　relict　chondrules　and　coarse－gra㎞ed

（afew　hundredsμm　across）equigranular　olivines　m

6ne－grained　recrystallized　matrices　of　olivines　with　FeS

and　FeNi　in　the　gram　boundary．　Y82067　shows

granoblastic　texture　㎞clud㎞g　fine－gramed　polygonal

grains　of　oUv㎞e　and　pyroxene　with　plagioclase，　chro．

mite，　and　metal．　Chondrules　are　rarely　fbund．　FeS－FeNi

metal　are　locally　segregated．

Figure　l　indicates　color　composite　elemental㎜ps　of

Fe，　Mg，　and　Na．　Among　the　three　chondrites　with　diF

fbrent　equilibration　degree，　the　d姪tribution　ofthe　three

elements　are　generally　homogeneous　within　the　scale　of

thin　section．　In　contrast，　the　elemental　distribution　is

inhomogeneous　in　LEW　86220　and　Caddo　County，
especially　Na　and　Fe　within　the　thin　sections．　Na－rich

phases　and　Fe－rich　phases　are　much　coarser－grained

than　Mg－rich　phase．　Mg－rich　phases　are　recrystallized

chondritic　materials　and／or　residual　phases，　while　Fe－

rich　phase　and　Na－rich　phases　are　metalHc　and　s伍cate

partial　melts．　The　elemental　maps　indicate　that　padtal

melting　cause　mhomogeneous　distribution　ofNa　and　Fe

in　the　millimeter　and　cent㎞eter　scale．

　　　IDiscussions：

　　Among　the　LL　chondrites，　not　much　diflbrence㎞

modal　abundance　and　elemental　distribution姪observed，

despite　the　textural　diHセrences．　In　contrast，　the　botb

pr㎞itive　achondrites　show　remarkable　modal　and　ele－

mental　dif民rence　among　the　distinct　lithologies．　Gab－

broic　lithologies　represent　siUcate　partial　melts　generat－

ed　by　an　incipient　meltillg　of　chondrites．　Low－degree

partial　melting　of　chondrites　generate　nearly　peritectic

composition　of　Fo－An－Qz　system　with～55％plagio－

clase，　which　is　broadly　consistent　with　the　modal　abun－

dance　ofplagioclase㎞the　gabbroic　Uthologies．　P妬Lgio－

clase－rich　silicate　partial　melts　co－exist　with　FeNi－FeS

melts　and　residues　within　the　scale　of　l　cm．　Chondrites

with＜10　vol％plagioclase　has　NaO＜1　wt％（0．2－0．6

wt％）．　A　silicate　partial　with　60　vol％plagioclase　has

5．4wt％NaO，　while　the　residues迅【ely　show　NaO《1

wt％，　probably＜0．1　wt％．　Partial　melting　causes　local

Na　variation　ofone　or　two　order　of　magnitude．

　　An　extreme　Na　depletion　relative　to　the　sobr　abun－

dance　is　reported　fbr　the　Geminid　meteor　shower［3－5］，

whose　parent　is　a　B－type［6］，　active　asteroid［7－8］，

3200Phaethon．　As　the　dust卿sセe　51－10㎜［9］，

the　Na　depletion　occurs㎞the㎜一cm　scale，　w㎞ch　is

consistent　with　the　above　mineralogical　observation．　Na
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d¢pl¢ti◎脚bserved　fbr　meteor　sh◎wers　with　a　periheli－

on　distance◎f＜◎．1　AU，　is　l盤ely　c鋤sed　by　so｛頒heat一

加g［4］．S㎞ce　tぬωfth¢Gem衙d　me缶or　shower（0．正4

AU）exce¢（ls　O．lAU，　the　Na　depletio薮co司d　be　due　to

th¢che磁ca▲signatu’e　of　the　parent　Phaeth◎n，　which

涯ly町r¢＄e斑apa鍾ia∬y－m◎1織声雄es己L
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Kasuga　T、　et　al．（20◎5）メ＆4438．　L　17．［4］Kasuga　T．

et　al．（2006）ノ1＆4453，　L　I　7．［5］Torigo－R．odr▲guez　J．　M

et　al。（1993）～岨∫38，1283．［61　Whipple　F．　L．（1983）

μUαγ斑毎グ388呈．17］Jew誌t　D．＆Ll，　J．（20互0），　AJ，

14◎，15互9［8］Jewitt　D．　et　a1，（20B）ノψ五，フ71，L36．

［男Bor◎vlcka工Reぬ1（2◎ゆP推．以U励解263，
2▲8．

Flg　l　C◎1◎r　composite　e正em¢ntal　maps｛Red’Fe、　Green　Mg、　Biue内Na）of｛御「じ792772　LL4　cho簸drlte（F（：）V’7mm）、

｛b）ぷ793506LL6　chondr正te｛F（）V　8⇒．｛cぽ82（）67　LL7　chondrlte｛F（）V　4胸｛．d）LEW　86220　acapulcoIlte－

lodranite（FOV、9㎜〕｝a品e）slilcate　lnchlsIon　of　Caddo　Coun㌣IAB　ir◎n｛F（）V：15mn1、1、　Red　lndicates　FeNi　metal

and　trolhte、　brlght　green　shows　olivine　and　orthopyr◎xene．　dark　green　shows　dlopslde．　and　bitle　mdlcates　Na＿rlch

plagi・）clase
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Heterog斑eous　distri《〕u60n　of　26AI　in　the　solar

cbon姐鍼c　co即onents　and　angr社e　meteo産es・

protOPla取etary　disk－insights　fピOm

M．Bizzarro茎，　M．αsenl，M．　Sc極♂，JN．　Connelly1，　S。　Itoh2，　N．　Kawasaki2，　H．　YU亘moto2＆

T。Mikouch輌3．℃斑ぬfbr　Star　and　P正anet　Fo㎜ation，　University　of　Copenh3gen，　Copenhagen，

Denmark．2Natural　History　Sciences，　Hokkaido　University，　Sapporo　O60・・0810，3Japan，

Department　of　Earth＆Planet．　Science，　University　of　Tokyo，　Tokyo，　Japan．

　　　　Wlth　a　hal£li允of◎．73　Myr，　the　26Al－t◎－26Mg

decay　system輌s　the　m◎st　w輌de韮y　used　sh頒一1輌ved

chronometer　fbr　understanding　the　負）頚故ation　an（1

蒜。IV°㍑゜隠蒜Sεia「2魑艦eご瓢｝

me缶磁es　and也eir　comジ◎ne斑s　rel輌¢s◎n癒e　CT輌t輌caI

assum餌◎n　that由e　c魏onical　26AゾフA茎rati◎◎f

～
5・玉〇－5r・c・・d・d　by　the・ldest　dated・・lids，

calcium－aluminium－rich　　輌nclusions　　（CAIs），
represents　the　initial　abundance　of　26Al　fbr　the　solar

system　as　a　whole．

　　　　Improved　techniques　fbr　the　m㈱surements　of

magnesium　　　輌s◎topes　　by　　mu茎’iρ1¢　　c◎llect輌on

輌nd蛎lve至y　coupled　mass　spectrometry（MCづCPMS）

now　a∬ow　fbr　the磁e㎜ination　o臼he　radiogenic
26Mg・¢・・lting倉・m　th・i・・i包d¢・・y・f　26A▲

（♂陶・）Mh狙ext¢ma▲・epτ・d頑b晦・f～25
PPm［II．　Th輌s　pemits，　fbr也e超r§t　t｛掴1¢，　to　test癒e

assum碑・n・f　26Al　h・m・ge・eity　ln　the　s・lar

protopMnetary　disk　and，　thus，　the　chronological
signi且cance　of　the　26Al－26Mg　clock、　Using　these

techniques，　Larsen　eτθ1．［2］recently　demonstrated

that　a　high－precision　bulk　26Al－26Mg　isochron　Ibr

CAIs　and　amoebo輌d◎livine　aggregates（AOA）f士om

the　　pτ三stine　　E仕em◎vka　　carbonace◎us　　ch◎ndrite

defines頽26Al／27Al　of（5252圭0．019）×10－5　and

initial　1島26Mg　value◎f－159±輻41〕pm（Fig。1）．　The

μ26Mg＊value　of也e£伽m◎vka　CAI－AOA　isochron

at　a　s◎夏ar　27Ay24Mg　ratio◎f◎．1◎1　is　22．2土L4　ppm，

蛎1磁is　much蝿he貧than也at　d¢毎d　by　CI
ch・面tes（μ26Mg－4．5圭L◎）as　well　as・也e・bulk

SOIar　SyStem　materialS　Wi伍SOIar　Or　near　SOIar
27Al／24Mg　ratios．　CoUectively，　these　data　have　been

interpreted　　as　　ref］ecting　　wid㈱pread　　26Al

heterogeneity　in　the　protoplanetary　disk　at　the　time

◎fCAIs｛b㎜ation、　H◎wever，　the　observedμ26Mg＊

he歓◎gene髭y　c◎uld　als◎夢’ed◎mi似挺ly∫e登ect

magn¢sium－▲sotope　het¢rogene輌ty，　al伽ugh　it　is

uncl¢ar　how　a　late　additi◎n　of　26A1⑳the　nascent

so捻r　system　w◎u経　result　m　a　h◎mogenOUS
d輌s悟b琉ぬn◎f26Al，　b斑ahe鎗r◎gene◎us　d輌str輌b碇垣n

◎f蹴gnesi蹴一lso句pes，

　　　　1）輌st｛nguishing　between　these　癬o
i斑e叩retations　can　be　achieved　by　compar輌ng　U－Pb

and　26Al－26Mg　ages　of　pristine　sampl㈱，　given　that

也eU－Pb　chronometer　provides　absolute　ages　that　are

廿ee伽m　assumptions　ofparent　nuclide　homogeneity．

We　have　thus頭lated　a　study　aimed　at　comparing

U－Pb却2‘A玉一26Mg允rs・mpl・sw柱h　s麺leth・㎜・l

histo1元es　such　as　CAls，　ch◎ndmles　and　angrites．

丁4《ぬ
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Figure　1：26Al－26

0．1　　　　　　　0，2　　　　　　　0．3

　　　　　　2孤1／24Mg

Mg　evolution　diagrams［2］．

0．4

　　　　Ang琉e　m¢緬r輌tes　are　the　m◎st　alkaH－deρ呈e缶d

rocks輌n　our　solar　system　and　they　can　be　d輌vided

into　pluto丑ic　an（斐　volcanic　ξ虹ng口tes　［3］．　VOIcan｛c

angr輌tes　rec⑬rd　atlcient　crys伍lliz誕ion　Pb－Pb　ag《ラs

也at　are　w髭hin～4　My’of　CAI　f6皿ati◎n［4－5］and，
thus，茸）me（1〈葦但ing白e　I輌允span◎f　26A茎．　OfI｝a控icu茎雛

i鍛terest　is　癌e　NWξへ　1670　（担¢nched　angr輌te，　as　it

contains　significa斑amounts　of　olivine　xenoαysts　of

up　to　5　mm　in　size　thereby　allowing　us　to　precisely

de丘ne　the　initial　26Mg＊composition　at　the　tlme　of

crystallization．　Our　new　U－co汀ected　Pb－Pb　date　fbr

NWA　1670　mdicates　crysta伍zation　at　4564．37士0」9

Myr，灘kmg輌t飽⇔ldest　kn◎w汲ngrke．　lndlV砲al
◎livine　　xenocrysts　　and　　multiple　　anaiyses　　of

gr◎undmass　mate亘aI　of　NWA　I670　de毎e　an
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㌶瀦s漂認齢当：豆蓋瓢謡
一 10．8±1．2　ppm．　This　corresponds　to　an　age

diflbrence　of　4．69士0．16　Myr　between　fbmation　of

CAIs　and　crystallization　of　NWA　1670，　which　is　not

consistent　with　the　age　difference　of　2．93土0．25　Myr

inferred廿om　U－corrected　Pb－Pb　dating．　This　age

discrepancy　is　similar　to　that　observed　between　the
26Al－26Mg　and　Pb－Pb　dates　of　the　younger　SAH

99555　and　D’Orbigny　quenched　angrites，　which

record　26A1－26Mg　ages　that　are　systematically～15

Myr　younger　than　the　Pb－Pb　dates［6］．　Reconciling

the　26A1－26Mg　ages　ofthese　angrites　with　their　Pb－Pb

dates　require　an　initial　26AU27Al　of～1．25×10－5　in

the　accretion　region　of　the　angrite　parent　body．　This

result　supports　the　claim　of　26Al　heterogeneity　in　the

early　solar　system［2］and　a　reduced　abundance　of

26Al　in　the　accretion　regions　of　asteroids　and

terrestrial　planets　compared　to　the　26Al／27Al　value　of

～
5x10－5　defined　by　canonical　CAIs．

　　　　To　evaluate　the　extent　of　26Al　heterogeneity　in

the　inner　solar　system，　we　have　extended　our　study　to

chondrules，　as　these　represent　the　m司or　constituent

of　chondrite　meteorites　and，　by　extension，　the

precursor　material　of　asteroidal　bodies　and　terrestrial

planets．　We　obtained　26Al－26Mg　ag徳through　the

intemal　isochron　approach　fbr　three　U－corrected

Pb－Pb　dated　chondrules廿om　the　carbonaceous
chondrite　Allende　and　the　unequilibrated　ordinary

chondrite　NWA　5697　［7］．　Intemal　isochron
relationships　were　defined　by　combining∫〃ぷ吻
26A1－26Mg　systematics　of　Al－poor　and　Al－rich　phases

obtained　by　secondary　ionization　mass　spectrometry

（SIMS）at　the　of　Hokkaido　University　with
high－precision　bulk　analyses　of　the　same　chondrules

by　MC－ICPMS　obtained　at　the　University　of
Copenhagen．　In　detail，　we　investigated　the　intema1

2‘Al－26Mg　syst・m・ti…　f伽・食π・－m・gnesian

porph）雄itic　olivine－pyroxene　chondrules　廿om

Allende（C30）and　NWA　5697（C　l）as　well　as　one

barred　olivine－pyroxene　chondmle　f卜om　NWA　5697

（C3）．　The　C30，　Cl　and　C3　chondrules　have

U－corrected　Pb－Pb　dates　of　4567．32士0．42　Myr，

4566．67±0．43Myr　and　4566．02±0．26　Myr，
respSCtively［7］．　Note　that　these　chondmles　record

primitive　initial　Pb　isotope　compositions，　which

precludes　a　complex　thermal　history　of　their

P「ecu「so「s・

　　　　Chondrule　C30　defines　an　26Al－26Mg　isochron

based　on　multiple　analyses　of　spinel　and　olivine

crystals　as　well　as　one　bulk　measurement　that　record

an　initial　26AV27Al　of（1．46　±　0．29）　×　10－5．

Chondrules　C　l　and　C3　de丘ne　26A1－26Mg　isochrons

based　on　multiple　analyses　of　olivines，　glassy

mesostasis　and　bulk　measurements　that　record　initia1
26AV27Al　values　of（8．15土1．00）×10－6　and（8．14士

2．8）×’10－6，respectively　Thus，　similar　to　angrite

meteorites，　the　26A1－26Mg　systematics　of　the　three

chondrules　analyzed　here　record　26Al－26Mg　ages　that

are　younger　than　their　Pb－Pb　dates　by～L3－1．9　Myr．

　　　　The　observed　discrepancy　between　the
26A1－26Mg　and　Pb－Pb　dates　fbr　the　Allende　and　NWA

5697chondrules　could，　in　principle，　reflect　selective

disturbance　of　the　26Al－26Mg　system．　However，　the

bulk　of　the　U　in　chondrules　is　believed　to　be　hosted

by　pyroxene　which，　similarly　to　the　glassy

mesos伍sis，　is　susceptible　to　the㎜al　metamorphism
As　such，　disturbance　of　the　26Al－26Mg　systematics　is

predicted　to　also　be　accompanied　by　U－Pb
disturbance，　which　would　be　reflected　by　the　loss　of

linearity　in　Pb－Pb　isochron　diagrams．　The　excellent

linearity　of　the　Pb－Pb　isochron　diagrams　fbr　the　C30，

Cl　and　C3　chondrules，　coupled　with　the　primitive　Pb

isotope　compositions　recorded　by　these　three
chondrules［7］is　not　consistent　with　disturbance　of

the丘U－Pb　systematics．　Therefbre，　we　conclude　that

the　26Al／27Al　ratios　recorded　by　the　chondrules　reflect

the　initial　abundance　of　26AI　in　their　precursors　at　the

time　of　crystallization　inferred　ffom　the　Pb－Pb　dates．

　　　　The　reduced　26Al　abundance　in　chondrule

品ming　regions　deduced丘om　our　measurements

provides　unequivocal　evidence　fbr　heterogeneous
distribution　of　26Al　the　time　of　CAI　fb㎜ation．　We

note　that　the　initial　abundance　of　26Al　inferred　fbr　the

various　bulk　solar　system　reservoirs　correlates　with
their　54Cr［2］as　well　as　their　84Sr［8］，43Ca，46Ca　and

48Ca　compositions［9］，　thus　providing　evidence　fbr　a

relationship　between　the　distribution　of　short－lived

nuclides　and　that　of　stable　isotope　anomalies　in　the

early　solar　system．　Thus，　similarly　to　the　54Cr

heterogeneity，　we　suggests　that　26Al　heterogeneity　in

solar　system　o句ects　reflects　variable　degrees　of

the㎝al　processing　of　their　precursor　material，

probably　associated　with　volatile－element　depletions

in　the　inner　solar　system．　In　this　view，　CAIs　and

AOAs　represent　samples　of　the　complementary
gaseous　reservoir　enriched　in　26Al　by　the㎜al

processing，　which　resulted　in　the　widespread　26Al

depletions　observed　among　inner　solar　system
bodies．

　　　　Areduced　abundance　of　26Al　in　the　accretion

regions　　of　　asteroidal　bodies　　requires　　shorter

timescales　fbr　the　timing　of　accretion　of
dif丘rentiated　planetesimals　if　melting　resulted廿om

26Al　decay　Indeed，　the㎜al　modeling　indicate　that

accretion　w並hin　100，000　years　of　CAI　fbmlation　is

necessary　to，血lly　melt　a　body　that拓㎜ed　with　an

initial　26Al／27Al　value　of～1×10－5．
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Anew　curation　facility　fbr　Antarctic　meteorites　at　the　Royal　Belgian　Institute　of　Natural

Sciences．　M．　De　Ceukelaire，　W．　De　Vbs＆M．　Dusar，　RBrNS，　Royal　Institute　of　Naturals

Sciences．

Founded　in　1846，　RBrNS　houses　a　diverse

and　exceptionally　rich　zoological　collection，

palaeoanthropological　and　mineralogical
collections　and　prehistoric　items　involving

about　37，000，000　specimens　with　ar皿nd

100，000primary　types．　This　places　RBrNS

among　the　world　top　ten　collections　in　te㎜s

of　volume　of　specimen　stored　and　available

fbr　research．

Acuration　facility　fbr　Antarctic　meteorites

has　become　operational　at　the　Royal　Belgian

Institute　of　Natural　Sciences（RBrNS）．　The

meteorites　collected　through　the　Antarctic

campaigns　in　the　Sor　Rondane　Mountains

during　　three　　j　oint　　Japanese－Belgian

expeditions　between　2009　and　2013，　will　be

shared　evenly　between　the　two　countries．

This　sharing　will　be　accomp▲ished　by

cutting　in　half　the　larger　samples（＞50g）．

The　smaller　samples（＜50g）will　not　be　cut

to　avoid　wasting　Precious　small　samples．

They　will　be　shared　evenly　between　Japan

and　Belgium　based　on　either　total　weight　or

total　numbeL　Priority　access　fbr　research　to

the　samples　curated　by　the　other　partner　is

guaranteed．　Specific　sharing　agreements

will　be　tailored　according　to　the
circumstances，　fbr　the　largest　samples（＞

4kg）because　of　their　importance　in　terms　of

outreach　and　exhibits．　Cutting　them　should

be　　avoided，　except　　fbr　　classification

pu「poses・

The　fhcility　manages　the　meteorite　collection

R）r　optimal　preservation　and　provides

national　and　intemational　meteorite
scientists　access　to　the　samples　hosted　at

RBINS．　It　also　handles　loans　fbr　exhibits　and

supPorts　public　outreach　and　educational

initiatives　concerning　meteorites　and　solar

system　evolution．　The　existing　regulations

of　NIPR　Japan　will　stand　as　a　model　fbr

finalizing　　RBrNS　　meteorite－allocation

regulations．　The　Belgian　Parties　have　set　up

aScientific　Loan　Committee（SLC），　which

includes　VUB，　ULB　　and　　RBrNS
representatives．　The　SLC　wil▲handle　the

loan　requests　in　coordination　with　the

Committee　at　AMRC－NIPR．　Befbre　any
decision，　AMRC－NIPR　and　the　SLC　will

systematically　infbml　each　other　of　all　loan

requests　and　will　regularly　keep　each　other

in飴㎜ed　ofthe　loan飴llow．up．

■

灘

舞

膨彩懇

　磁

The　entire　database　will　be　made　available

online（DaRWIN．naturalsciences．be），　with

photographs，　　sample　　　descriptions，

downloadable　loan　requests，　research　sample

request　fbrms　etc．．　DaRWIN　stands　fbr　Data

Research　Warehouse　Infb㎜ation　Network。

It’s　a　home－made（RBrNS）open　source　web

base　tool　published　on　AGPL　to　manage

Natural　Sciences　collections．

Aspecial　laboratory，　exclusively　fbr
meteorite　preparation　work，　was　set　up　in　an

air－conditioned　room　of　about　l　6　m20n　the

ground　floor　of　the　Geological　Surve〕乙It

gradually　　　became　　　operational　　　in

September－October，　　especially　　after

installation　of　the　Escil　wire　saw．　Several

scientists　were　trained　in　the　use　of　the　saws

and　in　the　procedure　of　making
Aluminum－ring　polished　sections　of
meteorites。　The　RBrNS　collection　of

Saharan　meteorites　was　used　fbr　this
exercise．　In　this　way，　a　core　group　of

researchers　became　familiar　with　the　use　of

the　meteorite　lab　and　of　the　delicate　wire

saw　in　particulaL
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Tbe　2012－2013　Joint　Field　Campaign　fOr　Collec6ng　Meteorites　in　Antarctica：an
Efnci餓t　Collabomtion　between　Jap頷　紐d　Belgium．　V　DebaHlel，　N．　Imae2，　A．
Yamaguchi2，　S．　Goderis3，　T．　Mikouchi4，　W．　Debougel，　G　H画etl，　N．　Van　Roosbroek1，　H．

ZekoUarl3，　H．　K（項ma2，　Ph．　Claeys3，　l　Laboratoire　G－Time，　Universit6　Libre　de　Bruxelles，

Bmssels，　Belgi斑n．2National　Insti飢e　of　Polar　Research，　Tachikawa，　Japan．3Earth　Science

Systems，　Vrije　Universiteit　Brussel，　Brussels，　Belgium．4Department　of　Earth　and　Planetary

Science，　Universlty　of　Tokyo，　Tokyo，　Japan．（e－mail　address：vinciane．debaille＠ulb．ac．be）

】【ntrodHction：

　　　　F◎rthe　last　5　years，　Belglum　and　Japarl　have

jomed｛brces，10gls匂cs　and　know油ge　to　organlze

three　successfbl　meteorlte　expedlt幽ons　m　A斑ar四ca

The五rst　jomt　JARE　51　mlsslon　sampled　the　Balchen

Ice　Fleld，　m　the　eastem　Sor　R．ondane　Mountalns

reglon，重n　2009－2010　an（圭recovered　rnore　than　600

meteo甜es　The　second」omt　BELARE　SAMBA
20】0－201▲omhe　No仕h－West　pa仕of　the　Nansen　Ice

Fleld（area　A，　F量g．1），　located　to　the　South　of　Sor

Rondane　M皿ntalns，　recovered　220　meteor三tes（Flg

2）Fma目y，　thls　year，　a　thlrd　JARE　54－8ELARE

SAMBA　2012－2013　jomt　exped栢on　has　been
orgamzed　m　the　Nansen　Ice　Fleld（沁rmg　the　austral

surnmeぎ2012－2013．　Thls　was　the　largest　recove】ッ

party　orgamzed，　wlth　a　total　of　l　O　members

searchlng　lbr　mete◎rltes　On　the　Belgian　slde，　th韮s

progralηIs癒nded　by　the　Belg］an　Science　Pollcy

（BELSPO）and　bene日ts　fセol刀the　loglstlc　support　of

the　lntem斑10nal　Polar　Foundatlon（IPF）

　　　　The　meteorlte　search　team　　conslsted　of　5

Belglan　sclenむsts　fヤom　Un正verslt6　Llbre　de　Bruxelles

（ULB）and　Vrlje　Umversltelt　Brussels（VUB），　a　field

gulde　provKled　by　the　IPF，　and　3　Japanese　sclentlsts

廿om　the　Natlonal　lnstltute　of　Polar　Research（N1PR）

and　Umverslty　of　Tokyo，　and　a　f］eld　g田de廿orn

MPR．
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　　　　　　　　　　Nansen　Ice　Fleld　subd｝vlded　ln　3　parts　Area

A（season　2010－20▲ハ，　Area　B（season　2012－2013），　and

Area　C（partlaBy　done（lurmg　the　season　2012－2013）BC2

has　been　moved廿om　thls　prevlous　locatlon　Map　ffom　N

亙mae

Base田mps　and　meteorite　search：

　　　　Consldermg　the　shape　of　the　Nansen　lce　Fleld

（Flg．り，　It　has　been　declded　to　dlvlde　the　2012－20▲3

campa董gmn　two，藺plymg　two　d1任rent　base　camps

（BCI　and　BC20n　Flg　l）located　m　the　not　yet

sa韮γlp豆ed　areas（B　and　C）　All　the　I◎91sむcs（mclud1ng

llvmg　COnta韮nerS，　fUel，　perSOnal　belOng夏ngS，）were

dropPed　off　on　the　Nansen　lce　F茎e｝d　Plateau◎n

December　242012　by　the　IPF　team，▲ed　by　A】am

Hube仕．　Th四，　the品l　team　fb目owed　by　snowmob目e

on　December　26澁20豆2，　when由e　base　camp　was

mstalled，　and　weather　acceptable　Systernatlc
searches　by　skldoo　were　carrled　out廿om　the　27th　of

December　2012　to　the　l3th　of　January　20B，

whenever　the　weather　was　permlttlng（see　weather

condlむons　subsectlon　below），　and　covered　the　entlre

zone　B　of　the　Nansen　Ice　Fleld．　The　base　camp　B

was　moved　t◎the　second　area　on　the　l　5由of　January

20B．　There，　weather　degraded　and　searches　were

P◎sslble　on］y畑m　the　28th　to　the　3舳of　January

The缶am　nnally　lef董the　camp◎n　the　2nd　of
February　2013，　back　to　the　Pr茎ncess　EIIsabeth　Statlon

Ty口cally，　a良er　a負rst　bne行ng　In　the　mornmg　to

eva▲uate　weather　cond由ons，　search　started　around　I　2

PM．　Normal　search－day　conslsted　of　only　4　to　6

hours　ln　the　neld　due　to　the　severe　weather

condlltlons．

Weather　conditions：

　　　　The　wea也er　c皿d茎tlons　were　harsh，　even負）r　the

So斑h　Pole　and　dete㎜lned　the　da三ly　sche飼e　as　such．

Notable　dlf丘rence　exIsts　between　base　camp　BC　I

and　BC2（data伽m　T　MIkouchl　and　A．　Yamaguch1）

At　carnp　BC　1，　absolute紀mperature　ranged廿om

－ 144to－224°C（average　of－182°C），　w］th　an
average　wlnd　speed　of　I　O．］m／s，　resultlng　m　average

wmd　cMl　corrected　temperaωre　of－310°C　At　base

camp　BC2，　absolute　temperature　ranged廿om－182

to－27］°C（average　of－219°C），　wlth　an　average

wmd　speed　of　lO6m／s，　resultmg　m　average　wmd

c捕lcorrected　temperature　of－360°C，　notably　Iower

than　Area　B　lt】s　dlmcult　t◎know　whether　tougher

condltlons　were　met　m　Area　C　because　lt　was　later　In

the　season，　or　because　of　a　sllghまly　h茎gher　altltude

（～100mbetween也e　tw◎base　camps），　oパess
sheltermg

　　　　In　average，　half　of　the　t｛me　on　the　plateau　was

lost　due　to　weather　condltlons　Thls　Is　slmllar　to　the

2010－2011campalgn　However，　the　maln　d夏f允rence

ls　the　repartltlon　of　bad　weather　days　Whlle　durmg

the　2010－20日　season，　bad　weather　days　were
dlstnbuted　over　a　short　perlod　（every　3－4　days），

durmg　the　20］2－20B　season，　longer　perlods　were

◎bserved，　Mh　l　5　days　m　a　row◎fgo◎d　weather，　and

I2dayS　In　row　ofbad　weather．
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Preliminary　results：

　　　　Durmg　the　2012－2013　season，427　meteor就es

were　recovered（Flg　2），　fbr　a　total　welght　of　652kg

Notably，　the】argest　sample　welghs　l　81kg，　and　9

meteorltes　are　over　l　kg　A允w　ach⑩drltes　have

been　observed　when　fUslon　crusts　were　pa掬ally

absent　（posslbly　eucrltlc），　as　well　as　a　few

carbonaceous　chondrltes

　　　　Flrst，　the　meteorltes　were　sent　to　MPR　fbr

careful　def士eezmg　The　large　samples　wl▲l　be　cut　ln

two，　and　shared　evenly　between　Japan　and　Belglum

After　detalled　classlficatlon　made　by　both　NIPR　and

ULB－VUB　teams，　mc如dlng　the　Royal　Belglan
Instltute　fbr　Natural　Sc豆ences（RBINS），　one　half　wlll

come　back　to　Belglum　where　they　wlll　be　avallable

寂）rresearch　by　the　lnternatlonal　sclemlnc　communlty

In　addltlon，　the　most　beaut1旬pleces　wlll　be　exposed

to　the　publlc　at　the　RBINS　Sclentlf］c　research　wlll

be　per偽㎜ed　on　those　samples，　ln　close
collaboratlons　between　NIPR　and　ULB－VUB　teams

Curation　of　meteorites：

　　　　Belglum　has　recently　developed　a　meteorlte

curatlon　center　at　the　RBINS　where　the　Belglan

share　of　the　Antarctlc　meteontes　w沮be　stored　and

curated　based　on　sample　requests　made　by
researchers

＝
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　　　F茎gure　2　Summary　of　collected　meteorltes　on　Nansen

Ice　Fleld，　durmg　the　two　campalgns（blue　2010－2011，red

2012－13）Tracks　fbllowed　by　the　team　are　m　green

Orange　flags　ln（llcate　base　camps
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Towards　an　Efficient　Coupled　Cu　and　Zn　Purification　Techni《1ue　Adapted　to　Precious

T㎏rrestrial　and　Meteorite　Materials．　W．

1LabOratoire　G－Time，　Universit6　Libre

（wdebouge＠ulb．ac．be）．

Debouge1，　N．　Mattiellil　and　V　Debaillel，

de　Bmxelles，　ULB，　Bmssels，　Belgi㎜

IntrOdUCtiOn　and　StU《1y　intereStS：

　　　　CoPPer　is　an　important　tracer　fbr　reconstmction

ofgeochemical　cycling　in　terrestrial　or　extraterrestrial

environments．　It　is　a　transition　element　with　three

oxidation　states（0，1，　and　II）and　two　isotopes（63Cu

and　65Cu）．　With　a　condensation　temperature　of

～ 1050°to　l　lOO°K，　Cu　is　considered　as　a　relatively

volatile　element［1－3］．　In　meteorites，　this　element　is

both　chalcophile　and　siderophile　as　it　enters　in　FeNi

metals（60％）and　sulfides（20－25％）and　fbmls　tiny

metallic　Cu　nuggets（4－5％）［4］．To　a　limited　extent，　it

also　enters　in　silicate　minerals（olivine，　pyroxene）．

Specifically，　in　magmatic　and　non－magmatic　iron

meteorites（IM），　Cu　can　provide　in品㎝ation　on

primordial　processes　that　af丘cted　the　meteorite　parent

bodies：core品㎜ation［5］［6］and廿actional
crystallization　　［7］．　These　　processes　　induce

metal－silicate－sulphide　segregation　that　might

produce　mass　dependent　ftactionation　recorded　by　the

Cu　isotopes．　Accordingly，　the　study　of　Luck　et　al．［8］

on　carbonaceous　and　ordinary　chondrites　shows　that

Cu　is　isotopically　heterogeneous　in　the　solar　nebula．

In　addition，　Cu　isotopic　variations　observed　in

chondrites　suggest　the　existence　of　two　isotopically

distinct　reservoirs［8］．　As　Cu　is　moderately　volatile，

some　other　processes　like　accretion　and　shock

metamorphism　can　also　produce　Cu　isotope
fractionation　and　hence　can　be　traced　by　the　variations

in　Cu　isotope　ratios［5，9］．　Consequently，　Cu　isotopes

can　be　a　sensitive　and　powerfUl　tracer　fbr

understanding　primordial　nebular　and　planetary

P「ocesses・

　　　The　　continuous　　development　of　　the
HR－MC－ICP－MS（high　resolution　multi－collector

inductively　coupled　plasma－mass　spectrometry）
renews　interest　in　heavy　stable　isotope　systems，

whose　subtle　natural　isotopic　variations　require　high

precision，　accuracy　and　reproducibility．　However，

signi6cant　inaccuracy　in　MC－ICP－MS　measurements

of　Cu　or　Zn　isotopic　composition　may　be　caused　by

inorganic　and　organic　resin－derived　components

added　to　samples　during　column　chemistry　or／and　to

incomplete　separation　of　the　analyte廿om　the　sample

matrix［10，11］．　In　addition，　previous　studies［12］

have　shown　that　mass　bias　corrections，　using

sample－standard　　bracketing　　and　　extemal

no㎜alization（Zn　as　dopant品r　Cu　isotope
measurements，　and　Cu　as　dopant　fbr　Zn　isotope

measurements），　may　fail　to　accurately　correct　R）r

these　matrix　effects．

　　　Therefbre，　special　attention　is　paid　to　the　to伍l

recovery　of　Cu　or　Zn　analyte　during　the　chemical

purification，　and　optimal　elimination　of　potentially

interfbring　matrix　elementS。

　　　　Analyses　ofCu，　as　well　as　Zn，　are　important　fbr

understanding　　　early　　　planetary　　　differentiation

processes，　and　efficient　purification　procedure　is

required　to　ensure　high－precision　measurements．　In

this　study，　we　present　a　new　anion　exchange

chromatography　procedure　developed　at　Laboratoire

G－Time（ULB）fbr　Zn　and　Cu　separation．

Analytical　procedure　and　Results：

　　　　Compared　to　Zn　or　Fe，　Cu　is　much　more　difficult

to　purify　and　to　recover　totally．　In　order　to　purify　and

collect　Cu　and　Zn廿om　a　single　aliquot　of　a　sample，

previous　studies　have　been　mainly　using　AG－MP　l．

This　macroporous　resin　has　a　high　level　of
crosslinkage　but　is　very　difficult　to　wash　and　has

relatively　poor　blank　levels（J．C．工Petit，　PhD　thesis）．

There飴re　a　two　passages　colu㎜separation　method
on　Bio　Rad　AG⑧1－X8　has　been　considered．　The　first

colu㎜separates　Zn廿om　Cu，　while　the　second
column　refines　the　purification　of　the　Cu　cut．

　　　　First　fbr　digestion　ofthe　samples，　about　l　OO　mg

of　finely　ground　powdered　sample　is　dissolved　with

concentrated　HF　and　HNO3（3：2）in　PFA　beaker．　All

reagents（hydrobromic　acid，　hydrochloric　acid，　nitric

acid　and　hydro廿uoric　acid）that　were　used　fbr　this

study　were　subboiled　in　PFA　bottleneck　systems．　The

necessary　dilutions　were　perfbmled　with　Milli－Q

water（18．2　MΩcm）（Millipore　system）．　A丘er　48

hours　on　a　hot　plate　at　l　20°C，　samples　are　dried　and

dissolved　again　with　6M　HCI　on　a　hot　plate　at　l　OO°C

fbr　8h．　Evaporation　temperature　is　never　higher　than

IOO　C　in　order　to　avoid　bumt　crust．

The　distribution　coef臼cients　on　anion－exchange　resin

（Bio　Rad　AG③1－X8）（dete㎜ined　by［13］）品r　many

elements　at　various　concentrations　of　nitric　acid，

hydrochloric　acid　and　hydrobromic　acid　have　been

used　to　dete㎜ine　the　optimal　combination．　Copper　ls

丘rst　separated廿om　Zn　using　2　ml　Bio　Rad　AG⑧1－X8

100－200　mesh　in　HCL　Digested　s㎜ples　are
redissolved　in　l　ml　8　M　HCI，　centrifUged　and　loaded

on　the　resin．　Copper　is　recovered　with　8　M　HCL　hon

is　subsequently　discarded　by　rinsing　with　l　M　HCI．

Zn　is　then　eluted　with　a　mixture　of　1　M　HNO3／0．I　M

HBr．　If　needed，　Cd　can　also　be　recovered　by　using

HNO3．　The　procedure　is　detailed　in　Fig．1a．

　　　　Elemental　concentrations　were　detemined　by

ICP－MS　Agilent　7700　at　Laboratoire　G－Time　fbr　each

sample　befbre　purification　and　Cu　cut　to　monitor　both

Cu　recovery　and　the　presence　of　potential　matrix

interferences．　Calibration　curves（Fig．1a）indicate　a

recovery　close　of　100％fbr　both　Zn　a血d　Cu（Fig．　lb）．
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The　second　column　to　refine　the　purification　ofthe　Cu

仕action　ofthis　first　column　is　in　developmenL　Several

tests　have　been　perfbrmed　using　hydrobromic　acid　in

order　to　purify　the　Cu　cut廿om　the　presence　ofTi　that

generates　an　important　isobaric　interfbrence　with　Cu．

However，　despite　promising　experimental　data［14］，

the　results　were　deceptive．　Copper　should　be　purified

on　a　micro　column　ofO．2　ml　Bio　Rad　AG⑭1－X8　using

asirnilar　procedure．
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Fig．1：a）Elution　curve　in　percent，　b）cumulative　elution

curve　in　percent，　fbr　Ti，　Cr，　Fe，　Cu，　Zn　and　Cd．

Re民rences：

［1］　VVasson　J．　T．　（1985），　、嘘τεoητeぷ　6Be〃加．・

砂πηgθり，267p．［2］Palme　H．　et　aL　（1988），

漉τeo”τθぷαη61τカeeα∂Vぷ01αアぷソ5τθ〃2，436－461．［3］

Cassen　P．（1996），ルfετeoγ〃．　P1αηεL　5cj．，31，793－806．

［4］Rubin　A．　E．（1994），」随η．ル毎g，，58，215－221．［5］

Luck　J．　M．　et　al．（2005），（ヲθoc万〃2．α）5励c力仇4cτα，

69，5351－5363．［6］Moynier　F．　et　al．（2007），　Gθoc励η．

α｝ぷ卿c万功．4σα，714365－4379、［7］Williams　H．　M．

and＞．Archer　C．（2011），　Gθoc励η．α）5moc万m．．4cω，

75，3166－3178．［8］Luck　J．　M．　et　al．（2003），　Gεoc万7η．

Cb3％c加〃1．4cτα，67，143－151．［9］Moynier　F．　et　aL

（2006），Gθoc乃」〃2．（ヨ）∫〃206力∫〃2．／｛cτα，70，6103－6117．

［10］Petit　J．　C．　J．　et　al．（2008），　Gθ05’αηoこGθoo〃α4γτ．

1～e＆，32，149－166．［11］Shiel　A．　E．　et　al．（2009），．4ηo乙

α～〃2．／46τα，　633，29－37．［12］　Petit　J．　C．　J．　et　al．

（2013），（7eo5rαηdGεoαηαるノτ．1～θ＆，37，319－335．［13］

Strelow　F．　W．　E．（1980），品1αητo，27，727－732．［14］

Strelow　F．　W．　E．（1978），4ηα乙C舵功．，50，1359－1361．

14一



Speci・ti・n・f　l・・・…M・ni佃・・f　O・id曲・・R・d・c柱・n・・d　S・1舳ti・曲0・dmary

and　Enstatite　Chondrites・T・J・Fagan，　H・Wakai，　C．　Niki　and　D．　Kato，　Department　of　Earth

Sciehces，　Waseda　University，　Tokyo，　Japan．（飴gan＠wasedajp）

Introduction：

　　　　Chondrites　fbrmed　in　the　solar　nebula　and　hence

contain　clues　about　the　conditions　and　processes　of

the　nebula．　Variations　in　the　occurrence　of　Fe　as

FeO　in　silicates　and　oxides　vs．　metallic　Fe　in

Fe，Ni－rich　metals　show　that　oxygen　fhgacities　varied

in　the　regions　of　the　nebula　where　chondrites｛b㎜ed

［1］・Iron　is　progressively　oxidized　along　a　sequence

廿om　EH＆EL　to　H　to　L　to　LL　to　R　chondrites，

reflecting　increasingly　oxidized　settings　of　fbrmation

in　the　solar　nebula［2］（see　Fig．1）．

　　　　This　wide　range　in　the　distribution　of　Fe

between　sil▲cates　and　metals　is　well　established［3］；

however，　Fe　also　occurs　in　sulfide　minerals　in

chondrites，　raising　the　possibility　that　S　fUgacities

also　Inay　have　varied　among　the　chondrite　groups．

In　this　pr句ect，　we　use　speciation　of　Fe　to　address

sulfidation　as　well　as　reduction　and　oxidation　in

enstatite　（EH，　EL），　ordjna巧　（H，　L，　LL）　and

Rumuruti－like（R）chondrites．

Methods：
1セOvぷ．ル勧o〃ゴcF6vs．　FeSjηC〃oη∂功θ5b〃ψ1θ5．

Three　separate　data　sets　were　used　to　dete㎜ine

specja．f▲on　of　Fe　jn　dl£飴re皿t　sa．mples　of　chondrltes．

Data（1）is　based　on　modes　and　quantitative　electron

microprobe　analyses　of　Fe－bearing　minerals　in　the

fbllowing　set　of　chondrites：Bensour（LL6，　fall）；Mt．

Tazerzite（L5，　fall）；Tamdakht（H5，⑫11）；St．　Marks

（EH5，　fall）；　Lewis　Cliff　88180　（EH5，　find）；

Northwesf　Afhca　974（E6，　fヲnの；Northwest　AfTica

753（R3，行nd）．　Meteorite制ls　were　emphasized　in

order　to　limit　the　effects　of　terrestrial　weathering；

high　petrologic　types　were　prefもITed　because

coarse－grained　samples　with　homogeneous　mineral

compositions　are　well　suited　fbr　calculation　of　rock

composition　by　modal　recombiηation．　The　R－and

E－chondrites　are　relatively　rare，　so　some　finds　were

used　and　the　R－chondrite　used　here（NWA　753）is　a

type　3．　Modes　were　dete㎜ined廿om　elemental
X－ray　maps　of　polished　thin　sections．　Modes　were

counted　manually　from　grids　overlain　on　the

elemenfal　maps．　Mneral　composi亡ions　we㏄
detemlined　by　wavelength　dispersive　spectroscopy

using　a　JEOL　JXA　electron　microprobe　at　Waseda

University．

　　　　In　data　sets　（2）and（3），　the　speciation　of　iron

among　FeO，　metallic　Fe　（Feo）and　FeS　was

detemined㎞m　we亡chemical　analyses　of　whole
rocks．　Data（2）is　from　analyses　conducted　by　E．

Jarosewich［4，5］on　LL（n＝17），　L（N＝57）and　H（n

＝ 31）finds，　and　l　fall　and　3　finds　of　E－chondrites．

Data（3）is廿om　analyses　conducted　by　H．　Haramura

ofNIPR（and　compiled　by　Yanai　and　K（りima［6］）on

Antarctlc　finds（59　LL，158　L，162　H，6E）．

Mα558α10ηce　Mね6た1ノ∂γ1～eoαjoη5　」η　C乃oηoゲ匡プa∫．

Understanding　Fe－speciation　requires　a　model　fbr　the

reactions　that　transfer　Fe　between　the　silicate，　sulfide

and　metal　subsystems　within　the　whole－rock　reacting

systems　R）r　O，　E　and　R　chondrites．　We　use　a　linear

algebraic　approach　to　model　whole－rock　mass
balance　using　independent　reactions　as　vectors，　and

then　combining　the　vectors　as　multi－dimensional

reactlon　Progress　or“reactlon　space”［6，7］．

Results：

晒5s　8α1αηcθ　Mフ舵1．　　Potential　variations　in

abundances　of　the　m勾or　minerals　in　O，　E，　and　R

chondrites　can　be　described　as　linear　combinations　of

fbur　independent　reactions：　（R1）NaAISi308＝

NaAlSi206＋SiO2；（R2）Mg2SiO4＋SiO2＝2
MgSiO3；（R3）FeSiO3＝Fe－metal＋SiO2＋0．502；

（R4）FeSiO3＋0．5　S2＝FeS＋SiO2＋0．502．　Rl
does　not　apPear　to　be　jmporta皿t　j皿most　cho皿drjtes、

R2　is　very　important　as　it　describes　variations　in

olivine　vs．　pyroxene，　but　it　occurs　entirely　within　the

silicate　subsystem．　Reduction　of　FeO　to　Fe－lnetal

occurs　on　R3，　and　sulfidation　of　FeO　to　FeS　occurs

on　R4．　The　reactions　as　written　above　do　not

indjcate　that　al工Fe　transfbrred廿om　sjljcate　to　metal

originates　in　pyroxene；nor　do　the　model　reactions

indicate　the　true　volatile　species　present　during　true

reaction（e．g．，　in　R3，0xygen　lost廿om　silicate　might

have　been　transferred　to　H20　vapor　instead　of　O2）．

Rather　the　model　reactions　should　be　considered

book－keep▲ng　too】s　め　】（eqp　track　of　changes　in

abundances　and　compositions　of　minerals．　R3　and

R4　can　be　used　as　monitors　ofFe　transferred　between

the　silicate，　metal　and　sulfide　subsystems（Figs．2，3）．

5加cfα∫joη（～∫Fε加Dατ05ぴω，ρノαη4βノ．　The

th㈹e　　data　　se亡S　　ShOw　　internally　　consjstent

distributions　of　Fe　among　silicates，　sulfides　and

metals　among　ordinary　and　enstatite　chondrites．

For　most　ordinary　chondrites，10to　25％of　Fe　occurs

in　sulfides，　and　the　progression　f「om　LL　to　L　to　H

chondrites　shows　a　wide　range　in　the　extent　of

redudion　of　FeO　to　Fe－metal　on　R3（Figs．2，3）．

E－chondrites伽m　Data（1）show　that　all　Fe　in　these

samples　occur　as　FeS　or　Fe－metal．　The　presence　of

some　FeO　in　E－chondrites　in　Data（2）and　Data（3）is

probably　due　to　terrestrial　weathering　of　meteorite

丘nds．　The　only　R－chondrite　analyzed　in　this　study

（NWA　753）is　in　Da亡aω；modal　recomblnatlon　was

dete㎜ine⑪r　two　areas，　both　showing　all　Fe　in　FeO

or　FeS　（Fig．　2），　consistent　with　previous

interpretations　of　the　R－chondrites　as　indicators　of

high　oxygen　and　sulfUr　fUgacities　in　the　solar　nebula

［3］．

　　　　The　MPR　Anfarctic　finds（Data　3）show　a
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greater　extent　of　scatter　than　the　other　data　sets

（compare　Flg．3wlth　Flg．2）　Most　of　the　scatter

appears　to　be　f㌃om　oxldatlon　of　FeS　（negatlve

progress　on　R4）or　of　Fe－meta1（negatlve　progress　on

R3）and　ls　llkely　due　to　terrestrlal　weatherlng．

Refbrences：
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Flg．1．　Spec茎atlon　of　Fe　lnto　Fe，Nl－metal　vs．

slllcates　and　oxldes　m　several　chondrlte　groups（f㌃om

McSween，1999　［2］）．　Iron　abundances　are
presented　as　ratlos　of　metalllc　Fe／SI　and　FeO／S1．

All　chondrltes　other　than　CI’s　have　Fe／Sl　lower　than

the　cosmlc　abundance　Increasmg　proport10ns　of

oxldlzed　iron　f㌔om　EH／EL　to　H　to　L　to　LL　to　R

reflect　increasmg　fて02）1n　nebular　reglons　where

these　chondrlte　groups拓㎜ed．

Flg．2．　Speclatlon　of　Fe　mto　slllcates，　metals　and

sulfides　R）r　chondrltes　analyzed　by　modal

recombmatlon（thls　study）and　by　wet　chemlcal
technlques　of　Jarosewlch［4，5］．　Reactlon　progress

on　the　horlzontal　axls　shows　specla臼on　of　all　Fe　ln

sllicates（at　ongm）to　all　Fe　ln　meta1（x＝　1）．

Progress　on　the　vertlcal　axls　shows　speclatlon　of　all

Fe　ln　sl蓋1cates（at　origin）to　aU　Fe　ln　sulfides（y＝1）．

灘

■■ 鰯

Flg．3　Speclatlon　of　Fe　mto　slllcates，　metals　and

su愉des　fbr　chondrltes　analyzed　by　wet　chemlcal

technlques　by　H．　Haramura　of　NIPR［6］．　See　Flg．2

fbr　explanatlon　of　reactlon　progress　along　horlzontal

and　verncal　axes
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Introduction：

　　　Re倉actory　inclusions　［Calcium－aluminum－rich

inclusions，（CAIs）］are　the　oldest　known　solar　system

solids　and　would　retain　in品㎜ation　about　the　early

solar　system　evolution［1］．　There　is　a　minor　group　of

CAIs，　so　called　FUN（Fractionation　and　L～hidentified

～VUclear　effects［2D　CAIs，　which　exhibit　distinct

isotopic　characteristics：（i）1arge　mass－dependent

廿actionation　in　O，　Mg　and　Si　preferring　heavy

isotopes（F－signature），（ii）presence　of　unknown

nuclear　effects，　esp．，　positive　or　negative　anomalies

in　48Ca　and　50Ti（U：N－signature），　and（iii）little　or　no

excess　26Mg（and　excess　41K）fiom　the　decay　of　26Al

（and　41Ca）．　Absence　of　excess　26Mg　suggests　either

their　late　fb㎝ationφer　the　complete　decay　of　26Al，

or　their　early品㎜ation　b吻θi句ection　of　26Al　into

the　solar　system　fテom（a）stellar　source（s）．　The

presence　of　Ca　and　Ti　isotopic　anomalies　may

suggest　their　earlier飴㎝ation．　The　origin　of　FUN

CAIs　is　still　not　well　understood，　but　they　may　have

impor舷mt　infb㎜ation　about　evolution　and　isotopic

homogenization　process（es）in　the　early　solar　system．

　　　We　fbund　three　FUN－like　hibonite－bearing

inclusions（MCO37，　MCO40，　MCOO3）ffom　the
Murchison（CM2）meteorite，　which　exibit　extremely

large　mass－dependent　ftactionation　in　Mg　isotopes

（up　to～55％0／amu）but　almost　no　excess　in　26Mg．

．Assuming　a　Rayleigh　distillation　process，　more　than

95％of　Mg　must　have　been　lost（evaporated）f㌃om

the　molten　precursors　ofthese　inclusions［3］．　In　order

to　better　understand　their　origin　and　evolution，　we

conducted　electron　backscattered　diff已ction（EBSD）

analyses　and　ion　microprobe　analyses　of　Mg，　Ca　and

Ti　isotopes　on　these　inclusions．

Samples：

　　　Two　inclusions，　MCO37（～150μm　x～200μm）and

MCO40（～200岬x～200μm），　consist　of　abundant

hibonite　grains（5－30μm）with　some　spinel　grains

（5－10μmfbr　MCO37　and　lO－30μm　fbr　MCO40）

embedded　in　Fe－rich　silicates．　Numerousμm－sized

perovskite　grains　are　almost　unifb㎜ly　distributed　in

Fe－rich　silicate　portion　of　MCO40．　They　are　probably

the　exsolution　product　f｝om　rapidly　cooling　melt．

MCO37　also　contains　perovskite　in　the　Fe－rich

silicate　portion．　Seven　μm－sized　ultra－refractory

metal　grains（enriched　in　Pt，　Ru，　Ir，　etc．）are　fbund　in

both　inclusions．　They　also　may　be　produced　by

severe　evaporation　of　more　volatile　Fe－Ni－rich　metal

grains［4］．

　　　MCOO3（～100μm　x～100岬）are　composed
mostly　of　spinel　with　rounded　hibonite　grains

（3－20μm）．This　inclusion　is　similar　to　Blue　Spinel　by

Ireland　et　al．［5］．

Analytical　conditions：

　　　Eβ5Z）　oηαリノぷθぷ．’　Silicates　and　perovskites　of

MCO37　and　MCO40　were　analyzed　by　a　SEM－EBSD

（Hitachi　S－4500）at　The　University　of　Tokyo．　The

EBSD　was　used　to　identify　mineral　phases　by

Kikuchi　lines．　The　obtained　Kikuchi　pattems　were

analyzed　using　a　software　developed　by　Kogure［6］．

　　　ル徳」∫oτqρeぷ：Magnesium　isotopes　were　measured

using　a　NanoSIMS　at　AORI，　The　University　of

Tokyo．　Analytical　details　were　previously　described

in［7］．　In　order　to　precisely　estimate　excess　26Mg，

a　correction　fbr　mass－dependent　丘actionation，

presumably　caused　by　an　evaporation　process，　is

essential　and　we　adopted　the品㎜ula　recommended
by　Davis　et　a1．［8］，　where（ρ（25’26Mg）is　defined　by

lOOO　x　ln｛（25’26Mg／24Mg）samplノ（25’26Mg／24Mg）sωand

△26Mg＝（p（26Mg）一（p（26Mg）／0．514．　The丘actionation

飽ctor（0．514）was　experimentally　determined　using　a

CAI－like　melt　composition［8】，　which　may　also　be

apPlied　to　the　FUN－1ike　inclusions　in　this　study．

　　　α　αη4　π　元ぷo’ρρθ∫ごCalcium　and　titanium

isotopes　were　measured　using　a　CAMECA　ims－1270

ion　microprobe　at　AIST，　Tsukuba，　Japan．　Analytical

details　were　previously　described　in［7，9，14］．　An

exponential　law　was　applied　fbr　Ca　and　Ti　isotopes，

with　40Ca　and　44Ca　fbr　reference　isotopes　of　Ca，　and

46Ti　and　48Ti　fbr　reference　isotopes　of　Ti　［9］．

Measured　ratios　fbr　Madagascar　hibonite　standard

were　consistent　with　the　literature　values　within

uncertainties［10，11］．

Results　and　discussion：

　　　EBSD　analyses　obtained　no　Ki㎞chi　pa仕em廿om

Fe－rich　silicates　of　MCO37　and　MCO40，　indicating

that　it　is　indeed　amorphous．　The　result　is　considered

that　two　inclusions　were　quenched　fアom　molten

P「ecu「so「s・

　　　Magnesium　isotope　data　are　plotted　in　the

Φ（25Mg）vs（p（26Mg）diagram（Fig．1）．　All　the　data　R）r

MCO37，　MCO40　and　MCOO31ie　on　the　mass
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丘actionation　line　w輌thin　uncertai鮎ies．　Data　fbr

MCO40　and　MCOO3　show　rather　homogeneous
composition　withΦ（26Mg）｛㌃om～97％o　to～107％o

and～29％o　to～35％o，　respectively．　However，　MCO37

data　show　highly　heterogeneous　colnposition　with

Φ（26Mg）from～27％o　up　to～95％o．　Hibonite　and

spinel　in　MCO37　probably　crystallized　at　various

stages　of　the　evaporation　event，　while　those　in

MCO40　and　MCOO30nly　at　the　last　stage　of　the

evaporation　　event，　suggesting　　slightly　　different

heating　conditions　fbr　these　inclusions．　Figure　2

shows　a△26Mg　vぷ27Al／24Mg　diagram．　All　the　data

R）rthese　inclusions　show　no　excess　26Mg（△26Mg～0）

within　uncertainties．　Again　MCO37　data　show　large

variations　in　the　27Al／24Mg　ratio．

　　　The　obtained　Ca　and　Ti　isotopic　compositions　are

shown　in　Figs．3　and　4，　respectively．　These

inclusions　have　small（＜±　10％o）but　resolvable
anomalies　in　48Ca　and　50Ti．

　　　Highly　fractionated　Mg　isotopes，　lack　of
resolv瓠）1e　excess　in　26Mg　and　existence　of　48Ca　and

50
Ti　anomalies　suggest　that　they　are　newly　fbund

FUN　CAIs．　The　present　results　and　previ皿s　works
show　that　there　are　va亘ations　in　F，　UN，　and　26Mg

excess　signa加res　among　di騰rent　type9；bf　FUN（F）

CAIs［11，12，13］．

Outlook：

　　　We　are　planning　to　measure　oxygen　isotopic

compositions　ofthe⑨e　inclusions　using　SIMS，　and　the

results　may　be　presented　at　this　meeting　if　possible．
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have　negative　anomaly　in　50Ti，　but　MCOO3　has

positive　one　relative　to　the　terrestrial　value［10］．
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Fig．4．　Normalized　Ti－isotopic　compositions　of　the

MCO37，　MCO40　and　MCOO3、　All　the　data　fbr　these

inclusions　show　negative　anomaly　in　50T輌relative　to

the　terrestrial　value［1日．
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ARTIFICIAL　COSMIC　SPHERULES　PROI）UCED　BY　MELTING　EXPERIMENTS　OF　THE
POWDERED　CARBONACEOUS　CHONI）RITES．　T　Gondol　and　H．　Isobe1，1D鋼1勉〃肪ηvL　5cL，鋤4＆カ、
5乞ゴ．7εc乃．，Kμ〃2αmoτoし勿iM，　Kμπ）肋〃2」，　Kμ〃2α〃20’o，860－8555，．ノ6Pα〃，　e－〃20」れ」50bε（⑳c∫．んμ〃20〃10τo一μ．αc㌘

　　　Introduction：　　　Micrometeorites　（MMs）　are

extraterrestrial　fine　particles　derived　fXom　asteroids　and

comets　and　continuous玉y　falling　to　the　Earth．　Depending　on

their　velocit芳mass　and　entry　angle，　micrometeorites　have

undergone　　various　　degrees　　of　　heating　　during　　the

atmospheric　entry　within　a　few　seconds．　This　heating　lead

to　signif］cant　textural，　mineralogical　and　chemical

mod瓶ations　to　MMs．

　　　Micrometeorites　are　steady　accumulation　flow　of

planetary　materials　to　the　Ea並h．　The　a㎜ual　mass　is

estimated　at　approximately　30，000　tons．　The　MM　samples

can　be　collected　f㌃om　Antarctia，　ocean　floor　sediments　and

suspended　particles　in　the　stratosphere．　Some　MMs　show

remarkable　similarity　on　mineralogy　and　chemical

compositions　to　carbonaceous　chondrite［1，2】．

　　　MMs　can　be　classified　into　two　groups　based　on　their

size　and　textures：（1）丘ne－grained　MMs（FgMMs），　which

are　dominated　by　a　fine－grained　porous　groundmass　of

micron－sized　minerals，　and　（2）coarse－grained　MMs

（CgMMs），　which　are　dominated　by　anhydrous　silicates　with

larger　than　several　micron　meters，　generary　with　glassy

mesostasis［3］．

　　　The　MMs　Iarger　them　70μm｛n　diameter　show　variously

melted　textures．　In　particular，　completely　melted

micrometeorites　are㎞own　as　cosmic　spherules．　Cosmic

spherules　have　experienced　large　degrees　of　melting　of

precursor　materials　during　atmospheric　entry，　and　fbrm

molten　droplets．　Cosmic　spherules　show　considerable

diversity　in　textures，　compositions　and　mineralogy

depending　on　characteristics　of　precursor　materials　and

atmospheric　heating［3，4］．

　　　In　this　studyうwe　carried　out　rapid　heating　and　quenching

experiments　on　fine　particles　of　the　Allende　meteorite　and

Murchison　meteorite　to　reproduce　cosmic　spherules　by

atmospheric　entry．

　　　Experimenta1：We　used　powdered　Allende　meteorite

（typical　CV3　chondrite）and　Murchison　meteorite（CM2

chondrite）with　approximately　100μm　in　diameter　as　the

starting　material．　The　rapid　heating　and　quenching　within　a

飴w　seconds　are　implemented　by　f士ee　fall　of　starting

material　particles　through　a　high　temperature　vertical

血rnace　with　regulated　gas　flow　of　H2，　CO2　and　Ar　to

control　oxygen　fUgacity　and　total　gas　flow［5］．　Upward　gas

now　in　the　ilrnace　tube　can　reduce　fhlHng　velocity　of　the

pa仕icles　to　reproduce　the㎜al　history　of　the　cosmic

sphemles．　The　maximum　temperature　ofthe　particles　in　this

study　is　approximately　1520　°C．　In　the　fUrnace，　fO2　is

controlled　　to　　oxygen　　partial　pressure　of　the　　upPer

atmosphere　at　approximately　altitude　of　86　km　where　MMs

heated．　Run　products　are　retrieved　from　the　bottom　of　the

血rnace　tube　and　observed　with　a　field－emission　scanning

electron　microscope（FE－SEM，　JEOL　JSM－7001F）and

analyzed　with　an　energy　dispersive　X－ray　spectroscopy

（EDS，　Oxfbrd　INCA　system）．

　　　Results　and　Discussion：The　run　products　show　quite

analogous　textures　to　micrometeorites　including　scoriaceous，

porphyritic　olivine　and　barred　olivine．　Almost　molten

particles　show　spherical　shape　due　to　surface　tension　of　the

silicate　me▲t．　The　outside　shape　of　the　particles　is　various

depending　on　melt廿action　ofthe　particle．

　　　Fe－rich　rim　in　olivine　crystals　fbund　in　the　porphyritic

olivine　spherules，　can　be　considered　to　be品㎜ed　during

quenching　（Fig．　1）．　Olivine　phenocrysts　in　poq）hyritic

spherules　are　characterized　by　hexagonal　shape　with　sharp

Fig．　l　Backscattered　electron　images　of　a　porphyritic　olivine

sphemle　in　the㎜product　as　the　staれing　material　ofpowdered

Allende　meteorite．（a）surface　of　the　spherule，（b）polished

section　ofthe　spherule　shown　in（a）．
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　Fig．2Backscattered　electron　images　of　a　porphyritic　spherule

　showing　a　porous　texture　with　olivine　re日ct　grains　in　the　run

product廿om　powdered　Murchison　meteorite　as　the　starting

　materiaL（a）surface　of　the　spherule，（b）pol輌shed　section　of　the

　snherule　show　in　fa、．

edge．　The　sharp－edge（l　olivine　phenocrysts　are　quite　rare　in

chondrules．　It　occurs，　howeveらin　molten　m輌crometeorites，

㎞own　as　cosmic　spherules．　Intemal　texture　of　the　arti6cial

cosmic　spherule　produced　in　this　work　shown　in　Fig．1（b）is

remarkably　similar　to　that　of　the　natural　porphyritic

spherules　shown　in　Figs．1（A）and（B）of　Cordier　et　al．

（2011）［6］．

2．Resuk　ofMurchison　meteorite　as　startin　material

　　　　Many　run　products　show　relict－bear輌ng　PO　sphenlles

contaming　relict　anhydrous　silicates（olivine　and　pyroxene）

de亘ved廿om　mineral廿agments　in　Murchison　meteorite（Fig．

2）．0韮ivine　phenocrysts　輌n　porphyr託ic　sPhemles　a「e　also

characterized　by　hexagonal　shape　with　sharp　edge．　Olivine

phenocrysts　are　srnaller　than　those　in　the　run　product　of　the

Allende　meteorite，　and　many　voids　皿merous　bubbles

wkh　various　diameter　can　be　seen　in　the　spherules　of　run

products」ntemal　texture　of　the　artificial　cosmic　sphemle

produced　in　this　work　shown　in　Fig．2（b）and　Fig．3（b）are

remarkably　similar　to　those　of　the　natural　porphyritic

　　Fig．3Backscattered　electron　images　of　a　porphyritic　spherule

　　showing　a　porous　texture　with　olivine　rehct　grams．　（a）

　　surf5ce　of　the　spherule，（b）polished　section　of　the　spherωe

　　show　in（a）．

sphemles　shown　in　Flgs．1（C）and（D）of　Cordier　et　aL

（2011）and　Fig．1（u）and（v）of　Genge　et　al（2008）［3，6］．

　　　　On　the　surface　of　molten　spherules，　Fe　sulnde　also

occur（Fig．3）．　Immiscibility　between　sulfide　me韮t　and

silicate　melt　may　induce　sulfide　melt　discharge廿om　silicate

melt．　Iron－nickel　metal　is　comained　in　the　sulfide　mek　of

spherules　both　run　products（Figs．2，3）．

　　　　蓋nthis　stud》㌦we　successfUlly　reproduced　artificial

cosmic　spherules　with　remarkably　analogous　tex知res　to

na加ral　ones．　We　can　compare　each　of　the　natural　ones　and

these　run　products，　and　analogy　of　the　run　products　to

micrometeorites　can　be　discussed　on　textural，　minαalogical

and　chemical　modifications　during　atmospheric　entry　of

inter　planetary　materials．
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Cathodoluminescence　Microscopy　and　Spectmscopy　of　a　Plagioclase　Particle　fmm
Astemid　Itokawa：Results　of　a　Preliminary　Investigation．
A．Gucsik1’2（argu　l　986＠hotmail．com），　T．　Nakamura3，　H．　Nishido4，　K．　Ninagawa5，　Y　Kimura3，
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Konkoly　Thege　Mikl6s　6t　l　5－17．，　Hungary　2Department　of　Geology　University　of
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980－8578，Japan，4Department　of　Biosphere－Geosphere　System　Science，　Okayama　University

of　Science，1－l　Ridai－cho，　Okayama，700－0005，　Japan，5Department　of　Applied　Physics，

Okayama　University　of　Science，1－l　Ridai－cho，　Okayama，700－0005，　Japan，6Department　of

Earth　and　Planetary　Systems　Science，　Graduate　School　of　Science，　Hiroshima　University，
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Faculty　of　Science，　Graduate　School　of　Science，　Division　of　Earth　and　Planetary　Sciences，
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Introduction：

　　　　　　　Cathodoluminescence（CL）is　the　emission

of　photons　in　the　visible　range　f士om　a　material

stimulated　by　an　incident　electron　beam，　being

applicable　fbr　high－spatial　resolution　（～1　μm）

spectroscopy．　CL　studies　fbr　minerals，　especially

feldspar，　have　been　conducted　in　the　planetary

sciences　to　characterize　shock　metamorphic　ef琵cts，

to　identify　high－pressure　minerals　and　shock－induced

microde品rmations　such　as　planar　de品㎜ation
允atures（PDFs），　to　observe　their　distribution　in

meteorites　and　impactites，　and　to　clarify　the　degree

of　the　irradiation　damage．　An　nokawa　sample　was

used　to　demonstrate　the　fUrther　capabilities　to　use　of

Sca皿ingElectron　Microscope－Cathodoluminescence

（SEM－CL）methods　in　studies　of　the行ne－grained

aStrOmaterialS．

Sample　and　Experimental　Procedure：

　　　　Aplagioclase－dominated　particle　containing　a

relatively　high　albitic　content　was　allocated　by　JAXA

（RB－QDO4－0022，　length：25μm，　width：13μm），

which　was　obtained　by　the　Hayabusa　sample　retum

mission　in　2010．　CL　spectral　data　were　recorded　by　a

photon　counting　method　using　a　photomultiplier　tube

（Hamamatsu：R2228）and　converted　to　digital　data．

Corrected　CL　spectra　in　energy　units　were

deconvoluted　into　the　Gaussian　components
corresponding　to　each　emission　center．　A　peak－fitting

software（Peak　Analyzer）in　OriginPro　8J　SR2　was

used　fbr　the　correction　and　deconvolution　of　each

emission　center．　Further　details　of　the　CL　equipment

and　analytical　procedure　can　be　fbund　in　Kayama　et

al．［1］and　refbrences　therein．

Results　and　I）iscussion：

　　　The　result　shows　that　two　components　in　blue

region　were　assigned　to　defbct　center　related　to

Al－0－－Al／Ti　centered　at　2．83　eV（maxima　at　438　nm）

and　impurity　center　of　Ti　at　3．06　eV　with　maxima　at

405nm（Fig、1）．　However，　any　emissions　ofFe3＋and

Mn2＋usually　fbund　in　terrestrial　plagioclase　could

not　be　detected　in　this　particle．　Its　CL　image　exhibits

bright　emissions　in　blue　region　with　relatively

homogeneous　intensity．　It　implies　that　the　plagioclase

fbrmed　f㌃om　non飴rrous　silicate　melt　at　slightly

higher　temperature　and　a廿er　that　has　not　been

af飴cted　by　thermal　or　hydrothermal　alteration，　which

easily　eliminates　defbct　centers［1］．

Conclusions：

　　　　　　This　preliminary　CL　study　of　an　Itokawa

particle　shows　that　the　SEM－CL　technique　as　a

multiple　technological　apProach　　is　apPlied　　to

investigate　tiny　samples　as　a　power旬method，　and

could　provide　the　first　evidence　of　impact　related

micro－defbrmation　on　such　a　small　body．　However，

血rther　studies　must　be　perfbrmed　to　understand　how

the　irradiation　could　change　the　spectral　properties　of

the　sample，　fbr　instance．
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Petmlogy　and　mineralogy　ofALH－77005　shergottite
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Introduction：

　　　　The　ALH－77005　Martian　meteorite（lherzolitic　type）

was　fbund　at　Allan　Hills　area　in　South　Victoria　Land　on

Antarctica　in　l　977－1978［1］．Nyquist　et　al．［2］described　the

lherzolitic　texture　in　ALH－77005　meteorite．　M（兀eover，

Ikeda［3］suggested　the　shergottite　fbrmation　in　the　plutonic

subsurface　environment　on　Mars．　We　give　an　overview　here

about　our　new　microscopical　observations　that　could　explain

some　details　of　its　fbrmation　by　shock－metamorphism

overlapPed　with　magmatic　processes．

Methodology：
　　　　Petrographical　studies　were　carried　out　using　a　Nikon

Eclipse　LV　I　OOPOL　optical　microscope．　The　phase
transitions　and　lattice　de允cts　in　constituent　minerals　were

examined　by　a　Renishaw　RM－2000　Raman　spectrometer
attached　to　a　Leica　DM／LM　microscope．　A　785　nm　diode

laser　with　8　mW　power　as　an　excitation　source　was　fbcused

onto　the　surface　with　a　spot　size　of　lμm．

Petrography：
　　　　The　ALH－77005　consists　of　dominant　pyroxene　and

olivine　associated　with　minor　fbldspar　and　chromite．　It　has

coarse－granular　texture　with　locally－arranged　microgranular

and　poikilitic　textures（Fig．1．）as　well　as　melt　pockets

including　recrystallized　needle－like　crystallites　in　glassy

matrix．　The　length　of　the　needles　is　between　l　O－75μm　and

their　width　between　l－5μm．　In　the　vicinity　of　the　melt

pockets　resorption　rim　can　be　observed　in　olivine　and　the

intrusion　of　dark　melt．　The　textural　characteristics　above

mentioned　imp玉y　its　R）rmation　during　crystal　dif騰r斑tiation

輌nplutonic　processes．

Shock　me伍morphic　ef民cts：

　　　　The　isotropic　lath－shaped　plagioclase　and　maskelynite

occur　close　to　the　melt　pockets．　Multiple　parallel　kink－band

system　is　discemible　in　olivine．　Poelchau　and　Kenkmann［4］

described　a　new　shock－metamorphic　feature　（fbather

飴atures，　FF）in　quartz，　which　might　be　produced　in　low

shock－pressure　regime（7－10　GPa）．　Their　appearances　are　in

agood　agreement　with　our　observations　in　olivine仕om

ALH－77005．　Commonl又the　FF　lamellae　tilt　to　the廿actures

in　a玉ow　angle．　The　ALH－77005　shergottite　contains　patchy

o玉ivine　grains　with　reduced　interference　color　resulted　from

the　the㎜al　annealing　R）llowed　by　postshock　melting，　which

fbrmed　melt　pockts．　Such　patchy　olivine　also　occurs　in　the

ringwoodite－bearing　shocked　chon（kite（e．g．　NWA　5011）
［5］．

Raman　spectroscopy：
　　　　The　Raman　spectra　obtained　from　the　boundary　areas

and　the　inside　of　the　melt　pocket　suggest　a　recrystallization

history　related　to　the　annealing　in　the　postshock　stage（Fig．

2）．The　Raman　spectra　were　obtained　from　fbur　areas

characterized　by　the　microtexture　related　to　post－shock

amealing　as　fbllows：sp　1）no㎜al　olivine，　sp2）olivine　with

defbrmation　microtextures，　sp3）boundary　zone　between

olivine　and　melt　pocket，　sp4）recrystallized　melt　pocket（Fig．

2．）．The　olivine　grain　in　the　vicinity　area　to　the　melt　pocket

shows　characteristic　Raman　peaks　at　823，853（doublet　main

vibration）535，600，918and　957　cm－1（minor　peaks）．

　　　　The　main　doublet　peak　seems　mostly　unchanged

among　the　areas，　but　second　peak　of　doublet　became

broader　with　reducti㎝of　its　intensit）～of　which　behaivor

might　be　affbcted　by　the　fbrmation　of　lattice　defects　due　to

post－shock　annealing．　These　facts　imply　that　the　duration　of

postshock　pulsation　was　too　short　to　induce　a　phase

transition　to　high　pressure－temperature　minerals，　such　as

wadsleyte　and　ringwoodite，　which　have　been　observed　in

NWA－5011．

Figure　l：Po輌c輌htic　texture　in　our　ALH－77005　sarnple
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Fig．2：Raman　spectra　of　dif琵rently　shocked　o駈vine．

Conclusion：

　　　　The　ALH－77005　fbrmed　by　p量u⑩nic　processes　had

experienced　impact－metamorphic　event　est輌mated　at　45－55

GPa　peak　shock　pressure　（S5　stage）．　The　lack　of

high－pressure　olivine　polymor茎）hs　suggests　that　shock

pressure　pulsation　was　not　enough　to　r㈱ch　the　activation

energy　fbr　phase　transfbrmation．　There丘）re，　patchy　olivine

might　be　corresponding　to　an　intermediate　phase　on　the　way

to　higher－pressure　stage　during　Phase　transfbrmation．
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Characteristic』tures　shock－induced　on　M6cs　chondrite（L6）
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Introduction：

　　　　The　M6cs　L6－type　chondrite　was　fbund　ln
Kolozs－county（Transylvania）in　l　882．　Raman　spectroscopy

of　the　sample　revealed　the　shock－induced　defbrmation

microtextures輌n　the　vein－fbrming　oliv輌ne，　exhibiting　strong

mosaicism団．　No　shi倉of　the　m司or　Raman　v輌bration　has

be四〇bserved　in　the　spectra　of　the　oliv輌ne．　Th輌s　fact　implies

almost　no　p－T　transition　in　the　a（U　acent　Inineral　assemblage．

Chen　et　al．［2］reported　characteristic　K－Na　fセactionation　in

shock－induced　　veins．　In　　this　　study，　therefbre，　the

廿acture／vein　system　of　M6cs　meteorite　has　been
investigated，to　clar輌fy　a　signature　of　shock－induced　melting．

Metbods：

　　　　Petrographical　studies　were　worked　out　using

LV　lOOPOL　microscope　under　plane　polarized　light　and

crossed　polarized　light　modes　with　a　polar輌z輌ng　microscope

at　E6tv6s　UniversitジBudapest（Hungary）．　The　polished　thin

section　of　35μm　thic㎞ess　was　coated　wkh　ca出on　fbr　the

SEM－EDX，　BSE，　and　element　mapping　studies，　which　were

done　at　University　of　Szeged，　Hungary　by　using　a　Hitachi

S4700　electron　microscope（10　kV　acceleration　voltage）

combined　with　a　R6ntec　QX2　energy　dispersive　X－ray

nuorescence　spectrometec

Petrography：
　　　　The　M6cs　meteor輌te　corresponds　to　L6－type，　where

shock　metamoq）hosed　and　recrystallized　matrices　and

several　well－distingulshed　chondrule　re㎜ants　have　been

observed．　The　chondrules　in　the　meteorite　are　characterized

by　the　fbllows：3pieces　of　pyroxene　radial　chondmles

（1－3mm　diameter），4　pieces　of　olivine　porphyritic

chondmles（2　mm　diamater），2pieces　of　recrytallized　glassy

chondrules（lmm　diameter），　l　granular　olivine　chondmle，1

compos量te　chondrule　and　several　porPhyritic　chondrule

丘agments．　In　the　matrix　we　recognized　a　zoned　part

（～2mm）composed　of　feldspar，　which　was　crossed　by　melt

inclusion　linked　to　fractures　toward　the　rim。

Figure　l：Stereomlcroscopic　image　of　thin　seαion　of　M6cs

meteorite　marked　with　the　measur量ng　areas．　Optical

microscopic　photos　of　area　map　1（plain　polarized　light）and

map2（crossed　polars）

Shock　metamorp㎞ic　ef匙cts：

　　　　The　M6cs　meteorite　exhib輌ts　highly　dense廿actures　or

fissures，　mostly　which　are　filled　by　opaque　minerals

（iron－oxide　and　troilite），　mineral　fragments　and　melt．　In　the

case　of　L6－type　chondr輌tes　such　as　Wnham　and
NWA－5011［2］，　　mineral　　assemblages　　indicating
shock－induced　phase　transfb㎜ations　have　been　observed．

Hence，　two　wide　parts　ill　a　ve輌n　w輌th　500μm　width　were

selected　fbr　the　BSE　measurements　and　element　mappings．

Several　chondmles　were　also　selected　fbr　the　BSE　imaging

R）rchecking　inhomogenities，　which　show　the　signature　of

partial　melting　or　the　presence　of　the　relict　with　lower

metamorphic　petrologic　type．　Among　the　chondrules，　large

the　higher　acoustic－impedance　opaque　mineral　assemblages

（troilite　and　chromite）could　enhance　shock　wave　velocity

and　peak　shock　p－T　in　a（巧acent　olivine　grains　resulting

strong　mosaiclsm　and　de飴㎝ation　microstnlc汕le．　One　of

the　w輌de　part　in　the　shock　vein（veinl　in　Fig．1）and　2

chondrules（map　l　and　map2　in　Fig．1）were　selected　fbr　the

element　mapPing．
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Elementahna叩ing：
　　　　The　mapl　area　contams　chromlte　grams（Flg．2A），

whlch　ls　a韮tered　to茎ron　oxlde　vla　secondary　processes

Accordmg　to也e　composlte　map（F蓋g．2B），　the　melt　pocket

area　mdlcates　near　compositlon　of企ldspar　mmerals，

whereas　chondrules　are　composed　of　bぱh　pyroxene　and

oUvine．　The　meltρacket　ls　ennched　ln　Na　compared　to　Its

vicl加1es（Fig．2C）．　The　P　and　Ca　ennchmems　corresp皿d　to

the　area　nch　ln　K（Flg　2D）
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Flg．2Composite　element　maps　of　upper　part　in　shock　vexn

（mapl　m　Flg．1．）including　chondrule　f恒gmems（A：

Si－Cr－Fe，　B：composlte　element　map　of　m司or　elements　and

Cr，　C：Na－K，　D：Ca一只scale．200μm）

　　　　The　map　2　shows　chmmlte　gralns（wlth　hlgh　Cr

concentrat茎on），　troilite（with　hlgher　Fe　and　S　concentrations），

suggestlng　the　oxldatlon　wlth　lron　oxlde　phases　wlth　only

hlgher　Fe　concentraロons（Flg．3A）The　dark　area　in　SE　map

ls　enrlched　m　Na，　whlch　ls　slgmficam　fbr　melt　pockets．

Moreover，　the　hlgh　AI　content　m　Flg．3／B　con6rrns　the

presence　of允ldspar　On　the　Mg－Si－Ca－Fe　elememal　map

（Flg．3D），　there　are　well　distlngulshable　by　the　presence　of

olivlne（Mg－S1），　pyroxene（Ca－S1），　and　the　opaque（Fe）

phases．　The　chondrule　fragments　are　mostly　made　up　of

ollvlne，　whereas　pyroxenes　are　concentrated　m　the
groundmass　and　the　melt　reglons．

鰯饗羅藩第搬

Cr－Fe－S，　B：Na－Al－Ca－K，　C

Mg－S1－Ca－Fe，　scale：200μ叫

SeCOndary　eleCtrOn　lmage，　D

　　　　The　map　2　wlth韮n　the　vem　ls　characterlzed　byα，　P，　S，

Al，　Ca　enr｛chments　comparmg　to　the　nelghbormg　large

mlneral　grams（F茎g　4A）However，　the　vem　ls　not　so　rlch　ln

Na　comparmg　to　lts　env妻ronment，　whlch　is　not　concordant

wlth　the　presence　of　mmeral　melt　The　upper　le飛part　ln　the

map　ls　occupled　by　an　ollvlne　gram（hlgher　Fe　and　Mg

concentratlons），　whereas　the　lower　rlght　part　wlth　hlgher

Ca－SI　ls　a　pyroxene（Flg．4B）．　The　vein　ls　composed　of

紋o茎11te　and　lron－oxlde　The　patchy－like臼ennchment

corresponds　a　chrom蓋te　lncluslon　The　Ca　has　moderately

enrlchmem　near　to　the　pyroxene－vem　boundary，　whereas　Fe

is　dommant　m也e　Inner　part　of　the　vem．　The　tmy
lath－shaped　partlcles　in　the　veln　have　hlgher　Na　and　K　at

thelr　boundarles，　which　mlght　be　ldentlfied　to　the　fbldspar
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Fig　Thm　vein　cu杜1ng　across　ollvlne　and　pyroxene　gra蓋ns

（near　the　map　21n　Flg．1．）．（A　Cr－Fe－S，　B：Mg－S1－Ca－Fe，

scale．200μm）

Conclusion：

　　　　The　petrologic　texture　observed　in　M6cs　meteorite

results廿om　both　of　themヨal　and　lmpact　metamo羅）hlc

processes　The　lack　ofthe　h董gh－pressure　ollvme　polymorphs

suggests　that　shock　pressure　pulsatlon　was　nぱenough　to

reach　the　actwat蓋on　energy　負）r　its　phase　transfbrmatlon．

Therefbre，　the　patchy　ollvme　coπesponds　to　an　intermedlate

phase　R）med　by　postshock　temperature　lnvolved　ln　shock

metamorphism
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Systematic　Isotopic翫udies　of　SちBa，　Ce，　Nd　and　Sm　in　Eucrites．　H．　Hidakal，　K．　Seral

and　S．　Ybneda2，　IDepartment　of　Earth　and　Planetary　Systems　Science，　Hiroshima　University

Higashi－Hiroshima　739－8526，　Japan，2Department　of　Science　and　Engineering，　National

Museum　ofNature　and　Science，　Tsukuba　305－0005，　Japan．

1二ntroduction：

　　　Most　eucrites　have　basaltic　composition　and

represent　lava　flows　or　shallow　intrusions　from　a

differentiated　parent　body」possibly　asteroid　4　Vesta．

Chronological　inlbrmation　of　eucrites　provide

important　constraints　ofthe　evolutional　history　ofthe

eucrite　parent　body（EPB）．　Alth皿gh　many　isotopic

studies　have　been　conducted　by　several　kinds　of

geochronometers　using　decay　systems　w▲th
long－lived　　　and　　　short－lived　　　radioisotopes　　to

understand　the　processes　ofaccretion，　core　fbrrnation，

mantle　di能rentiation，　and　the品㎜ation　of　primary

basalts　on　the　EPB［1－4］，　the　exact　time－scales　fbr

eucrites　petrogenesis　are　still　uncleaL　Complex

post－crystallization　events　such　as　impact　heating

and　remelting　may　have　reset　the　isotopic　systems　in

eucrites　to　some　degree，　showing　in　inconsistent

results　from　several　kinds　ofgeochronometers．

　　　In　this　study　systematic　isotopic　a孤lyses　of　Sr，

Ba，　Ce，　Nd　and　Sm　were　perR）rmed　on　each　eucrites

sample　R）r　better　understanding　of　dif琵rentiation　on

the　EPB．

Samples　and　experiments：

　　　Eight　eucrites，　Juvinas，　Millbillillie，　Stannem，

DaG　380，　Dag　391，　DaG　411，　DaG　443，　and　DaG

480，were　used　in　this　study　About　l　g　of　each

powdered　sample　was　decomposed　by　treatment　with

HF－HCIO4　with　heating．　Then，　the　samples　were

taken　to　dryness　and　redissolved　in　lO　mL　of　2M

HCL　The　solution　was　divided　into　two　portions：

the　main　portion丘）r　isotopic　measurements　by　TIMS

and　the　rest　fbr　the　determination　of　elemental

abundances　ofSr，　Ba，　and　REE　by　ICP－MS．

　　　Avariety　of　geological　reference　materials（JA－1，

JB－la，　JG－1，JGb－1）and　chemical　reagents（standard

solutions　produced廿om　SPEX　CertU）rep　R）r　Ba，　Ce，

Sm，　and　Gd；JNdi一杜br　Nd；NIST　SRM－987　R）r　Sr）

were　also　analyzed　as　terrestrial　standard　samples．

　　　Each　solution　fbr　the　isotopic　study　was　loaded

or直o　a　cation　exchange　resin　packed　cohlmn

（Bio－Rad　AG50WX8，200－400　mesh，　H＋fbrm，50

mm　length×4．O　mm　diameter）．　The　colu㎜was

washed　with　2　M　HCl　R）r　Sr　elution．　Next，　the

column　was　washed　with　2　M　HNO3　fbr　Ba　elution．

Finall払the　colu㎜was　washed　with　6M　HCI品r

REE　elution．　The　solution　was　then　evaporated　to

dryness　and　redissolved　in　a　drop　of　O．I　M　HCI．

The　first　Sr　f｝action　was　purified　using　a　quartz

colu㎜packed　with　Sr－speci丘c　resin（Eic㎞om，　Sr

resln，　particle　size　of　l　OO－150μln，100　mm　length×

25mm　diameter）．　The　REE廿action　was　loaded

onto　　a　　second　　column　　packed　　with
lanthanide－specific　resin（Eichrom，　LN　resin，　particle

size　of　lOO－150μm，100　mm　length×2．5　mm
diameter）to　separate　Ce，　Nd，　Sm　and　Gd　using　O．15，

0．25，0．35and　O5　M　HCI，　respectively

　　　ATriton　thermal　ionization　mass　spectrometer

eq叫）ped　with　nine　Faraday　cup　collectors　was　used

R）rthe　isotopic　measurements　ofSr，　Ba，　Ce，　Nd，　Sm，

and　Gd．　The　purpose　of　Gd　isotopic　measurement　is

to　cross－check　the　neutron　capture　effect　of　the

samples　in　combination　with　Sm　isotopic　data．

　　　Sr　was　measured　on　single　Re　filament　with

Ta205　act｛vatoL　　Instrumental　isotopic　mass

仕actionation　was　corrected　by　the　exponential　law

using　88Sr／86Sr＝8．375209　as　a　normalizing魚ctoL

　　　Ba，　Ce，　Nd，　Sm　and　Gd　were　measured　on　double

Re　filaments．　For　thehl

134Ba／136Ba＝0．307776，

146Nd／144Nd＝0．7219，

156Gd／160Gd＝0．9361　were

1sotoPlc　measurements，
　　　　140Ce／142Ce＝7．941，

　　147Sm／152Sm；0．56081，

used　　to　　correct　fbr

instrumental　mass丘actionation　using　the　exponential

law．　When　the　isotopic　depletions　of　l55Gd　were

Ibund　in　the　analyses，　the　Gd　isotopic　data　sets　were

normalized　　by　　（15℃d＋156Gd）ノ160Gd＝1．61290．

Cerium　was　measured　as　oxide　ions（CeO＋），　while

Ba，　Nd，　Sm　and　Gd　were　measured　as　mono－atomic

ions（M＋）．

　　　Another　minor　aliquot　of　each　sample　solution

was　once　evaporated　to　d巧mess，　and　redissolved

using　5　mL　of　O．5　M　HNO3．　A　O．05　g　quantity　ofa

lO　ppb　ind｛um　solution　was　added　to　the　individual

sample　solutions　as　an　internal　standard　element　to

optimize　the　analytical　conditions　fbr　REE

measurements．　An　ICP－MS（Agilent　7500cx）was

used品r　dete㎜ination　of　the　elemental　abundances

ofSr，　Ba，　and　REE．

Results　and　I）iscussion：

　　　87Sr　includes　radiogenic　component廿om　the

decay　of　87Rb，　and　its　isotopic　variation　correlates

with　Rb／Sr　elemental　ratios．　In　order　to　estimate　the

initial　87Sr／86Sr　of　the　EPB，　namely　basaltic
　　　ぺ

achondrite　best　initial（BABI）［5］，　from　our　Rb－Sr

data，　precise　determination　ofRb／Sr　elemental　ratios

by　isotope　dilution　method　are　in　progress．

　　　Ba　has　seven　stable　isotopes　consisting　ofp－，　s－，

and　r－process　nucleosynthetic　origin．　Most　previous

Ba　isotopic　studies　of　meteorites　fbcused　on　the

variation　　of　r－　and　　s－process　　nucleosynthetic

components　due　to　additional　inputs　in　the　early　solar

system．　135Ba　and　l37Ba　isotopes　are　sensitive　to　s－

and　r－process　variations，　and　ofモen　have　deficits
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and／or　excesses　in　chemical　separates　in
carbonaceous　chondrites　due　to　the　existence　of

presolar　grains［6］．　However，　in　case　of　eucrites，

there　are　no　significant　isotopic　variations　of　all　Ba

lsotopes．

　　　Since　l38Ce　isotopic　excesses　ofeucrites　correlate

with　their　La／Ce　elemental　ratios，　these　excesses　are

identified　to　be　decay　product丘om　B8La．　Our　data

are　consistent　with　the　results廿om　previous　study　on

the　EPB　evolution　of　Ce　isotope［7］，　showing　the

La－Ce　isochron　of　4．56　Ga　with　the　initial　Ce

isotopic　ratio　of　138Ce／142Ce＝0．0225321．

　　　The　isotopic　deviations　of　l42Nd　ofeucrites　show

slightly　negative　to　zero　values　relative　to　terrestrial

standard　materials（ε142Nd＝－0．2　to　O），　and　no　positive

values　which　are　observed　in　typical　cumulate

eucrites　having　high　Srn／Nd　elemental　ratios．　These

results　are　consistent　with　previous　study［8］．

　　　Sm　isotopic　compositions　of　the　eucrites　show

the　depletions　of　l49Sm　and　excesses　of　l　50Sm　caused

by　neutron　capture　reactions　due　to　cosmic　rays

irradiation．　These　Sm　isotopic　shiRs　correspond　to

the　neutron　fluences　ranging廿om　3．2　to　6」xlOl5　n

cm”2．　The　estimated　neutron　nuences　are　almost

consistent　with　thehl　coslnic－ray　exposure　ages，

suggesting　no　strong　evidence　of　initial　cosmic－ray

irradiation　on　the　sur⑫ce　of　EPB．　The　isotopic

shifts　ofSm　are　caused　by　the　cosmic－ray　irradiation

after　release　f㌃om　the　EPB．　The　variation　of

l57Gd－158Gd　isotopic　shifts　also　show　the　consistency

with　that　of　l49Sm－150Sm．

　　　Systematic　isotopic　data　obtained　in　this　study

provide　a　hint　to　understand　the　evolution　processes

of　dif丘rentiated　meteorites．　We　are　now　applying

this　technique　fbr　the　analyses　of　cumulate　eucrites

and　diogenites．
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Misawa　K．，　Yamaguchi　A．　and　Kaiden　H．（2005）

Geochim．　Cosmochim，　Acta　69，5847－5861．［3］

Srinivasan　G．，　Whitehouse　M．J．，　Weber　l．　and
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361－376．［6］Hidaka　H．　and　YOneda　S．（2011）
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Chemical　composition　of　primitive　achondrites：Clues　fbr　understanding　the　early
dif食renti加ion　processes　qf　their　parent　bodies．　Y．　Hidakal・2，　N．　Shirai2，　A．　Yamaguchi3・4，

M．Ebihara2，　and　V．　Debaille川Laboratoire　G－time，　Universit6　Libre　de　Bruxelles，50　Av．　F．

D．Roosevelt，　Bmssels，　Belgium，2Department　of　chemistry，　Tokyo　Metropolitan　University，

1．1Minaml－Osawa，　Hachi（項，　Tokyo，　Japan，3National　Institute　of　Polar　Research，　Tachikawa，

Tokyo，　Japan，4Department　of　Polar　Science，　School　of　Multidisciplinary　Science，　Graduate

University　fbr　Advanced　Sciences，　Tachikawa，　Tokyo，　Japan．

Introducti①n：

　　　　　Primitive　achondrites，　acapulcoite－lodranites

and　winonaites，　are　the　most　suitable　materials　fbr

understanding　the　early　difR）rentiation　processes　in

the　solar　system　bodies，　because　they　preserve

partially　melted允atures　in　their　textures　and　show

primitive　chemical　compositions．　Partial　melting

processes　are　believed　to　represent　the　early　stages　of

dif允rentiation　of　bod｛es　and　there　are　two　types　of

processes　proposed　R）r　chondritic　materials：silicate

partial　melting　and　metallic　partial　melting田．

Primitive　achondrites　have　been　well　studied　fbr　their

petrology［1，2，3，4］，　but　not　enough　fbr　their　bulk

chemical　composition，　especially　those　fbr　their

metals．　Therefbre，　in　this　study，　we式eterm｛ned　the

chelnical　composition　of　a　numbef　of　primitive

achondrites　to　understand　the　partial　melting
processes　that　had　occurred　on　their　parent　bodies．

Samples　and　analyses：

　　　　　We　have　determined　lithophile　and　siderophile

element　abundances　of　l　3　primitive　achondrites，

including　9　acapulcoites（Dho　125，　Dho　290，　GRA

95209，MET　Oll95／01198／01244　Y－74063，　Y
981505and　Y　981725），210dranites（NWA　2235　and

Y－791491）and　2　winonaites（NWA　725　and　Y－8005）．

Among　the　analyzed　meteorites，　an　acapulcoite

Y－74063and　a　wlnonaite　NWA　725　have　been
reported　as　the　relict　chondrule－bearing　primitive

achondrites［5，6］．　Each　meteorite　was　ground　into

powder　in　an　agate　mortar　and　was　magnetically

separated　into　the　non－magnetic廿action　and　the

magnetic　fraction．　The　sample　amount　is～200－300

mg　fbr　each　meteorite．　The　non－magnetic　f㌃action

was，analyzed　by　INAA　and　ICP－MS　at　Tokyo

Metrbpolitan　University　（TMU）．　The　magnetic

廿action　was　analyzed　by　ICP－MS　and　ICP－AES　at

TMU．　For　Dho　l　25，　Dho　290　and　NWA　2235，　we

could　not　prepare　the　magnetic　f士action，　so　they　are

unavailable　fbr　discussion　ofmetallic　partial　melting．

Results：

　　　　　The　chemical　composition　of　the　non－magnetic

廿act｛on　of　each　primitive　achondrite　is　characterized

in　the　abundances　of　light－rare　earth　elernents

（LREE），　Eu　and　plagiophne　elements（Na，　Al　and　K）．

AcapulcOite　Y－74063，　winonaites　NWA　725　and

Y－8005have　nearly　chondritic　composition　of　REE

and　plagiophile　elements、　Acapulcoites　Dho　l25，

Dho　290，　GRA　95209　and　MET　OI195／01198／Ol244

have　slightly　depleted　composition　of　LR．EE　and

plagiophile　elements　compared　with　chondrites．

Acapulcoites　Y　981505　and　Y　981725　are　more

depleted　in　LREE　but　less　depleted　in　plagiophile

elements　compared　with　Dho　l　25，　Dho　290，　GRA

95209and　MET　OI195／Ol198／01244．　Lodranites
NWA　2235　and　Y－791491　are　severely　depleted　in

plagiophile　elements　and　Eu，　but　chondritic　in　LREE．

　　　　　The　chenlical　composition　of　the　magnetic

廿action　of　each　primitive　achondrite　is　characterized

in　the　abundances　of　platinum　group　elements（PGE）

and　volatile　elements（Cu，　Ga，　Sb，　Ge　and　Sn）．

Among　acapulcoite－10dranites，　acapulcoite　Y－74063

has　chondritic　composition　of　PGEs，　while　others　are

enriched　in　PGE　except　fbr　an　acapulcoite　Y　981505．

Lodranite　Y－791491　has　the　highest　PGE　abundances

among　them　Y　98］505　is　clearly　depleted　in　Re　and

Ir．　Between　winonaites，　NWA　725　and　Y－8005　have

similar　PGE　abundances，　but　clearly　diff＞rent　in

volatile　element　abundances．　The　abundances　of　Ga，

Sb，　Ge，　and　Sn　in　Y－8005　are　nearly　chondritic．　On

the　other　hand，　NWA　725　is　depleted　in　Ga，　Ge　and

Sn　and　slightly　depleted　in　Sb　relative　to　Y－8005．

1）iscussion：

　　　　　In　the　non－magnetic　fraction，　primitive

achondrites　have　wide　variety　of　REE　abundances

that　is　difficult　to　explain　by　simple　siHcate　partial

melting　process．　The　relationship　between
incompatible　trace　element（Th）and　plagiophile
elements　is　also　difficult　to　explain　by　a　single　event

（Fig．1）．　Based　on　these　observations，　we　assume　the

existence　of　dif飴rent　process（es）in　addition　to　the

silicate，　basaltic　partial　melting　on　the　parent　body　of

acapulcoite－lgdranites．　From　Fig．1，we　assume　that

phosphate　mUst　relate　to　the　compositional　transition

of　　　acapulcoite－lodranites．　　The　　　phosphate

mobilization　process　was　proposed　by［2］f恒m　their

petrologic　observations．　They　fbund　the　veins　of

ph△sphates　and　of　metals　with　phosphates　in

meteorites　they　studied．　We　suggest　that　this

phosphate　mobnization　process　must　have　important

role　fbr　the　early　　di］陥rentiation　processes　and

chemical　compositional　evolution　　on　　the
acapulcoite－10dranite　parent　body．

　　　　　The　abundances　of　REE　in　winonaites　NWA

725and　Y－8005　are　nearly　chondritic．　This　indicates

that　these　winonaites　are　scarcely　melted　meteorites．

　　　　　In　the　magnetic　fraction，　to　explain　the

compositional　variation　of　acapulcoite－lodranites，　we
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model　the　metallic　partial　melting　in　Fe－S　and

Fe－S－C　systems．　Partition　coefllcients　are　fTom［7，8，

9］．The　Fe－S　system　melting　has　been　considered　as

the　common　process　fbr　primitive　achondrite　metals

［1，10］．On　the　other　hand，　it　was　suggested　that　if

there　were　C　in　the　system，　Fe－S－C　system　melting

had　to　occur［9，111．　Acapulcoite　GRA　95209　has

been　reported　as　having　large　amount　of　carbon　in　its

metal［12］．　Here，　acapulcoite　Y－74063　is　used　as　the

starting　material　ofthis　calculation．

　　　　　Modeling　of　Fe－S　and　Fe－S－C　system　melting

can　reproduce　metals　that　have　broadly　similar

chemical　composition　to　those　of　measured　primitive

achondrites．　In　Ir／Ni　vs．　WRe，　model　calculation

results　of　the　Fe－S　system　and　Fe－S－C　system

melting　are　both　mostly　consistent　with　acapulcoites，

but　slightly　inconsistent　with　lodranite　and　clearly

dif民rent廿om　winonaites（Fig．2）．　However，　we

could　not　explain　the　reasons五〕r　low　W／Re　ratio　in

Y－791491and　diff＞rence　in　the　abundances　of　some

elements（Mo，　Fe　and　Cu　R）r　Fe－S　system，　and　Co，

As　and　Cu　fbr　Fe－S－C　system）between　model　and

Y－791491．Therefbre，　it　is　dif五cult　to　conclude

which　type　of　partial　melting　process　had　occurred　in

the　acapulcoite－lodranite　parent　body．

　　　　　Compositional　diffbrence　between　two
winonaites　was　dimcult　to　explain　by　parent　body

processes．　Considering　that　a　winonaite　parent　body

may　have　experienced　several　large　impact　events

that　　　caused　　　secondary　　　heating　　　or　　　the

breakup－reassembly［4，13］，　such　a　diffbrence　can　be

explained　by　the　contribution　of　materials　ffom

difR》rent　reservoirs．

1

McCoy　T・J・et　aL（1997）GCオ，61，623－637．［4］

Benedix　G・K・et　al・（1998）GC4・62，2535－2553、［5］

Yanai　and　K（項ma・（1991）［6］Patzer　A．　et　aL（2004）

漉τeor～τ．　P1α酩’．　Sc元．，39，61－85．［7］Chabot　N．　L．

and　Jones　H・（2003）漉’ωγ」τ．　P1αηθτ．＆3」．，38，

1425－1436．［8］Chabot　N．　L　et　al．（2009）娩reor九

Ploηθτ．8c↓．，44，505－519．［9］Hayden　L．　A．　et　aL

（2011）GCメ，75，6570－6583．［10］Mittle允hldt　D．　W．

et　al．（1996）G（ソ，60，867－882．［ll］Goodrich　C．　A．

et　al．（2013）Gα，〃2，340－373．［12］McCoy　T．　J．　et

al．（2006）GC4，70，516－531．［13］Schulz　T、　et　aL

（2009）研）＆L，280，185－193．［14］Anders　E．　and

Grevesse　N．（1989）Gα，53，197－214．
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USA，2Antarctic　Meteorite　Laboratory，　National　Institute　of　Polar　Research，10－3，　Midori－cho，

Tachikawa，　Tbkyo　190－8518，　Japan，3Department　of　Earth　and　Space　Sciences，　Osaka
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Earth　and　Planetary　Materials　Sciences，　Tbhoku　University，6－3，　Aoba，　Aramaki，　Aoba－ku，

Sendai，　Miyagi　980－8578，　Japan．

Introductiom：

　　　　In　June　2010　we　started　a　visible　and

near－infrared（VNIR）spectral　survey　of　meteorite

samples　stored　at　the　NationaUnstitute　of　Polar

Research（NIPR）and　finished　lunar，　Martian，　and

HED　meteorite　samples．　　Then，　we　started

surveying　carbonaceous　chondrite　（CC）samples

since　November　2012．　In由is　presentation　we　are

reporting　the　initial　results　of　CI　and　CM　chondrite

chip　samples．

Experimental：
　　　　Out　of　95　catalogued　CCs　of　the　NIPR，3CUC　l

and　17　CM　samples　were　selected　and　studied　so　far

by　considering　weight，　ffeshness，　and　texture（having

a　natural，　broken　surface）．　Bidirectional　VNIR

diffUse　reflectance　spectra　of　one　or　two　spots　on

each　chip　sample　were　obtained　at　every　5　nm　over

the　wavelength　range　of　O．25－2．5μm　at　RISE　Pr（蓼ect

of　the　National　Astronomical　Observatory　of　Japan

（NAOJ）．　Adetailed　description　of　the　procedure　is

described　in　a　separate　paper　on　Martian　meteorite

samples［1］、　For　this　study　incident　beam　size　was

about　3×2mm．　In　addition，　biconical　Fourier

Transform　infrared（FrIR）reflectance　spectra　of
those　spots　were　measured　at　4　cm’l　resolution　over

the　wavelength　range　up　to　either　15μm　at］R）hoku

University　or　25μm　at　RELAB［2】．　The　FTIR

spectra　were　scaled　to　connect　with　the　VNIR　spectra

at　25μm　in　wavelength．

metamorphism　based　on　our　previous　study　I3］．

Figヨ．　Example　images　of　measured　spots　on　a　Y」86029

chip　sample　viewed　from　two　dif飴rent　sides，　showing

廿esh　dark　Spot　A　and　terrestrially－weathered　light　Spot　B．

The　spot　size　is　about　2×3㎜，㎝d　the　sc泊e　is　l　mm．
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Preliminary　Results：

　　　　An　example　of　CC　chips　and　measured　spots　is

shown　in　Fig．1．　Two　spots　were　chosen　for　each　of

也eCUC　l　chip　samples：Spot　A　from　ffesh－looking，

dark　areas，　and　Spot　B　from　light，　weathered

（evaporite？）areas．

　　　　Shown　in　Fig．2are　VNIR－FrIR　combined
reflectance　spectra　of　three　CI／C　l　chondrite　chip

spots．　As　expected，　Spot　B　spectra　have　high

visible　　albedos　and　　totally　　dif民rent　（negative）

spectral　slopes　from　those　of　typical　CC　spectra．　In

addition，　while　Spot　A　spectra　show　very　shallow

3一μmhydration　bands，　Spot　B　spectra　shows　deeper

and　more　complex　3一μm　absorption　bands．　The

shallow　3一μm　bands　combined　with　the　absence　of

UV　absorption　of　Spot　A　spectra　may　indicate　that

these　CL℃1　chondrites　were　dehydrated　by　thermaI

　　0，00
　　　　　　　　　　　でコむ　　　　　　　　　　　　　　　　ゑ　む　　　　　　　　　　　　　　　　さぶロ

　　　　　　　　　　　　　　　Wavel柏gth｛声｝

Fig．2．　VNIR－FrlR　combined　renectance
CUC　l　chondrite　chlp　samples．

4．0

spectra　of

　　　　Shown　in　Fig．3are　examples　of　CM　chondrite

chips　and　measured　spots．　Most　of　the　CM　chips

studied　here　show貸ne　dark－light　textures　as　on　the

A－881458　chip，　while　some　of　them　showing
relatively　large，1－mm　size　clasts　as　seen　on　the

B－7904chip．

Fig．3．　Example　images　of　two　of　CM　chondrite　chip

spots　measured　here．　The　scale　is　l　mm．
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　　　　VNIR　reflectance　spectra　of　these　CM　chip

spots　are　grouped　into　the　fbllowing　three　plots．

Although　their　Fr－IR　spectra　were　also　measured，

their　data　have　not　been　processed　yet　and　will　be

presented　at　the　meeting．

　　　　Shown　in　Fig．4are　VNIR　reHectance　spectra

of　select　CM　chondrite　spots　showing　prominent　UV

abosortion　and　extended　visible　absorption　bands
near　O．7，0．9，　and　l．1μm　allegedly　due　to　Fe2＋－Fe3＋

charge　transfer　in　certain　types　of　serpentine．　These

serpentine　absorption允atures　can　be　detected　by　the

ONC　multicolor　images　onboard　Hayabusa　2
spacecraft　if　present　on　its　target　asteroid（1999　JU3）．

　　　　Lastly，　shown　in　Fig・6are　VNIR　spectra　of

CM　chip　spots　showing　olivine　absorption　bands

near　O．85，1．05，　and　1．3μm　in　wavelength．　Based

on　these　results，　the　large　1－mm　size　clasts　on

B－7904　chip　in　Fig．3　are　now　identified　as

olivine－rich　ones　fOrmed　probably　by　the㎜al

metamorphism．　The　A－881655　spectrum　shows
much　weaker　olivine　bands　than　the　B－7904　Spot　B

spectrum．　The　Y793601　spectrum　also　shows　a

weak　O．7一μm　band　and　an　upward－pointing　O．55一μm

feature，　suggesting　serpentine　coexisting　with

olivine．
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Fig．4．　VNIR　renectance　spectra　of　CM　chondrite　chip
spots　showing　Fe2＋－Fe3＋charge－transfer　absorption　bands

of　certain　types　of　serpentine．
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　　　　Next，　shown　in　Fig．5are　VNIR　spectra　of　CM

chip　spots　showing　no　or　little　serpentine　absorption

bands　other　than　some　UV　absorption．　Especially，

B－7904is㎞own　well　as　a　the㎜ally－metamorphosed

CM　chondrite　and　thus　exhibits　a　tot訓ly飴ature－f士ee

VNIR　spectmm　with　moderately　weak　UV
absorption，　consistent　with　our　previous　study［4］．

　　0．00
　　　　　　　　　0．5　　　　　　　　　1．0　　　　　　　　　15　　　　　　　　　2，0　　　　　　　　　2．5
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Fig．6．　VNIR　reflectance　spectra　of　CM　chondrite　chip

spots　showing　olivine　absorption　bands．
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Fig．5．　VNIR　reflectance　spectra　of　CM　chondrite　chip

spots　showing　no　particular　absorption　features　or　possible

se甲entine　bands　as　in　Fig．4．

Conc阯sions：

　　　　This　study　has　proven　that　VNIR　spectral

measurements　of　CC　chips　is　highly　useful　for

identifying　and　characterizing　meteorite　types，　m司or

component　minerals，　and　parent－body　or　terrestrial

alterations．　　Therefbre，　this　technique　will　be

valuable　in　future　spacecraft　missions　to　small

primitive　asteroids　such　as　Hayabusa　2　and

OSIRIS－REx，　especially　during　their　close－up

observation　and　touch－down　phases　and　lander在over

operations．　Because　of　its　nondestructive　nature，

this　survey　can　potentially　be　done　fbr　all　the

samples　of　our　meteorite　collections　if　proper

arrangement　is　made　in　terms　of　security　and

contamination　control．　In　addition，　future　analyses

may　include　spectral　deconvolutions　employing　the

modified　Gaussian　model［5］．
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26Al－26Mg　Syste鵬tic　and　26Mg★Anomaly　in　Ureilites．　G．　Hubletl　and　V　Debaillel，

lD6partement　des　Sciences　de　la　Terre　et　de　l’Environnement，　Universit6　Libre　de　Bruxelles，

CP　160／02，50，　Av　FD．　Roosevelt，1050　Brussels，　Belgium（ghublet＠ulb．ac．be）

Introduction：

　　　　Short－lived　radioactive　isotopic　systerns　such　as

26Al－26Mg　are　power血l　to　study　the　chronology　of

the　early　solar　system　due　to　their　high　timeffame

resolution　during　the　lifbtime　oftheir　parent　elements．

As　such，　they　can　be　considered　as　the　most　ef巨cient

chronometers仕）r　the行rst　fbw　million　years（Ma）of

the　solar　system　history．　The　now　extinct
radionuclide　26Al，　decayed　to　26Mg　with　a　hal臼i民of

～
0．73×106years［1］．　This　chronometer　can　thus

date　only　the　o句ects　that　fbrmed　during　a　period　of

－5Ma　aRer　the　solar　system飴㎜ation．

　　　　Ureilites　are　the　second　largest　group　of

diffbrentiated　meteorites（260　specimens）af辻er　the

HED（Howardite－Eucrite－Diogenite）meteorite　group．

They　are　ultramaf］c　achondrites　mainly　composed　of

olivine　and　low－Ca　pyroxene（pigeonite）．　They　are

highly　fractionated　igneous　rock　but　have　also　some

minor　primitive　characteristic　［2］suggesting　a

complex　history　Ibr也eir飴㎜ation．　Ureilites　have

been　defined　as　partial　melting　re5這ues［3］or

ultramafic　igneous　cumulates　of　a　chondritic
precursor［2］．　Tヒ）dayうthere　is　a　consensus　about　the

partial　melting　residues　origin　of　ureilite．　Chemical

composition　and　texture　argue　that　ureilites　are

mantle　residues　of～15－30％partial　melting　of　the

Ureilite　Parent　Body　（UPB）mantle　after　the
extraction　ofbasaltic　magma［4，5］

　　　　However，　the　UPB　is　still　un㎞own．　First，　O

isotope　and　high　C－content（up　to　5％）　［6］suggest

that　this　UPB　could　be　carbonaceous　chondrite　but　a

recent　study　shows　that　some　chemical　and　textural

characteristics　are　particular　and　not　fbund　in　the

㎞own　C－rich　chondrite　types　［7］．　New
investigations　confirm　that　UPB　is　a　single　parent

body　fbr　all　ureilites　that　underwent　heating　and

dif民rentiation　very　early　in　the　Solar　System　but

disrupted　by　a　m司or　impact　rapidly　after　its

品㎜ation［8］．　Fragments　of　this　nrst　asteroid

re－acc㏄ted　to缶㎜adaughter　asteroid廿om　which
are　issued　ureilites．　However，　ureilites　recorded　the

dif丘rentiation　process　of　the　primary　UPB．　Dating

these　rocks　can　thus　give　the飼㎜ation　age　of

ureilites　befbre　the　disruption　of　the　initial　UPB．

Some　previous　studies　have　dated　ureilites　with
short－lived　isotopic　systems　like　53Mn－53Cr　and
l82 H仁182W　and　suggested　a　di飽rentiation　of　the

UPB　and品㎜ation　of　ureilites　within　l　to　2　Ma　a廿er

CAI和㎜ation［9，10］．　This　implies　these　meteorites
are　old　enough　to　be　dated　by　the　26Al－26Mg　isotopic

system．

　　　　In　this　study，　Al－Mg　systematic　has　been

investigated　in　five　dif驚rent　monomict　ureilites　to

date　these　type　of　achondrite：Yamato（Y）790981，

Y」791538，Y」981750，　Y」981810，　Asuka（A－）881931．

Analytical　techniques：

　　　　All　the　preparation　and　chemical　procedures

were　realized　in　clean　laboratory　at　ULB、　Around

200mg　of　each　sample　were　gently　crushed　in　an

agate　mortar　and　sieved　fbr　obtaining　a　fraction

between　64　to　l　50μm．　A　f錐action　of～50　mg　was

kept　fbr　bulk　analyze．　We　proceeded　to　mlneral

separation　on　all　samples．　The　metallic　phase　was

separated　with　a　hand　magnet．　The　lighter　metallic

phase　was　obtained　by　density　separation　with　heavy

liquid（methylene　iodide）．　Mg　will　be　measured　in

this　light　f士action　only　Magnetic　separation　using　a

Frantz　magnetic　separator　was　used　on　the　silicate

phase　to　obtain　three　dif丘rent廿actions：pure　olivine

（ol．）　fraction；　pure　pyroxene　（px．）　ffaction　and　a

second　pyroxene（px．2）fraction．　All　sample　and

mineral　ffactions　were　dissolved　with　an　HNO3／HF

mixture（2：1）fbllowed　by　a　step　in　concentrated

HNO3（＋H202）to　destroy　the　organic　matter　and　a

step　in　concentrated　HCL　AII　samples　and　fractions

were　dissolved　again　in　HNO3　befもre　the　Mg

separation　procedure．　An　aliquot　of　each　sample　was

taken　without　any　puri臼cation　fbr　the　27Al／24Mg　ratio

measurements．　For　the　whole　rock　data　presented

here，　Mg　was　separated　using　cation－exchange　resin

（Bio　Rad　AG⑧50W－Xl2，200－400　mesh）．　Elution

and　sample　collect　were　per品㎜ed　with　IN　HNO3．

The　purification　was　repeated　three　times　in　order　to

insure　a　per飴ct　separation　of　Mg　and　limited

interf＞rences　with　matrix．

　　　　Mg　isotopes　were　measured　on　ULB
MC－ICP－MS］Nu－plasma．　Samples　were　introduced

in　O．05N　HNO3　using　an　Aridus　desolvating

nebulizeL　Measurements　were　perfbrmed　in　medium

resolution　in　order　to　avoid　the　possible　isobaric

interfbrences（12C14N）［1］．　The　instrumental　mass

bias　was　corrected　by　standard－bracketing　with

DSM－3　standard．　Each　measure　cycle　fbr　standards

and　samples　consisted　of　a　cycle　of　three　blocks　of

20integrations　with　a　concentration　of～200　ppb，

corresponding’⑪～7　volts　on　24Mg．　Tbrrestrial

standard　BCR－2句was　measured　between　each　sample
with　aδ26Mg＊value　of　O．006土0．Oll　to　control　the

accuracy　ofthe　measurements．

　　　、

Result　and　discussion：
　　　　The　preliminary　results　obtained　fbrδ26Mg＊on

whole　rock　ureilites　are　showed　in　Fig．1．　Ureilites

Y」791538　and　Y二981750　and　Y」981810　show　a
negative　anomaly　inδ26Mg＊that　encompasses　the

terrestrial　value　and　are　respectively－0．031（土0．030），

－ 0．Oll　（土0，023）　and　－0．002　（±0．017）．　Y」790981

ureilite　is　fUlly　comprised　in　the　terrestrial　domain

with　a　value　of　O．001（士0．005）fbrδ26Mg＊．　Finally，

only　A－881931　ureilite　present　an　excess　inδ26Mg＊

（δ26Mg＊＝0．023土0．032）partially　not　resolvable
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廿om　the　terrestrial　average．　Error　bars　are　relatively

large　and　need　to　be　reduced　with　fUrther
measurements．　However，　these　preliminary　results
suggest　that　some　ureilites　have　a　de盒cit　in　26Mg＊．

［4．］Kita　NT．，　et　al．（2004）Geocゐ〃η、α）31ηoc万m．

．4cτα，68，4213－4235．［5．］Goodrich　C．A．，　et　al．

（2007）（フεoc力↓〃2．　Cρぶ〃20c乃》〃2．／｛cτα，　71，2876－2895．

［6．］　Krot　A．N，　et　al．（2004）　↓η　7たo’τ5ε　（～∫

Geoc舵顧りvo乙1，　83－128．［7．］Warren　PH、
（2010）　G¢oc乃力η．　Cos功oc乃」〃2．メc’α，　75，6912－6926．

［8．］Herrin　J．S．，　et　aL（2010）」Wτeoγ〃．　P1αηθ’．5ヒτ．，

45，1789－1803．［9．］Lee　D．－C．，　et　al．（2009）EαMカ

1）1αηeτ．ScJ．　Lθττ．，288，611－618．［10］Yamakawa　A．，

et　al．（2010）．45’π）ρ力γぷ．ノ，720，150－154．［11．］Baker

J，A．，　et　aL（2012）Gωc励η．　Coぷ1ηoc砺m．．4c’α，7Z

415－431．

　　　　、0．080　¶O．060　　」O．040　　－0、020　　0，0◎0　　0．020　　0．040　　0，060　　0，080

　　　　　　　　　　　　　　　　　　　626Mg＊

Figure　l：δ26Mg＊measurement　in　the　different

ureilites　analyze．　Grey　zone　corresponds　to　the

terrestrial　standard（BCR－2　range　value）．　All　sample

comprised　in　this　range　do　not　have　anyδ26Mg＊

anomaly．　Errors　shown　in　this　diagram　correspond　to

standard　error（∫e＝sd／V三）．　Theδ26Mg＊is　reported

relative　to　the　DSM－3　standard．

　　　　All　these　five　ureilites　have　also　a
sub－chondritic　value　fbr　the　26Al／24Mg　ratios（0．003

to　O．009）．　Baker　et　aL［1日observed　a　correlation

between　a　de行cit　inδ26Mg＊｛n　achondrite（pallasites，

ureilites）with　a　low　value　of　Al／Mg　ratios．　This

observation　　can　　be　　explained　　by　　a　　silicate

dif琵rentiation　of　the　UPB　very　early　in　the　solar

system　history　with　a　lack　of　26Al　in　the　ultramafic

component　of　the　parent　body　This　is　also　an

evidence　that　this　type　of　achondrite　fbrmed　during
the　lifb　ofthe　26Al．

Conclusion：

　　　　Preliminary　results　on　ureilites　presented　here

indicate　that　fbur　of　the　five　ureilites　analyzed　have

an　anomaly　inδ26Mg＊．　Internal　isochrons　on　these

samples　will　be　per偽㎜ed　to　date　precisely　these

ureilites　with　26Al－26Mg　isotopic　system．　However，

the　resolvable　26Mg＊anomaly　is　associated　with

large　errors．　Further　analyzes　are　required　in　order　to

validate　our　results．
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Mars：APerspective　fTom　NWA　7533．　M．　Humayunl，　A．　Nemchin2，　M．　Grange2，　A．

Kennedy2，　B．　Zanda3，　R．　H，　Hewins3，4，　J．－P．　Lorand5，　C．　G6pel6，　E．　Lewin7．　S．　Pont3＆D．

Deldicque8．1Florida　State　Univ．，　Tallahassee，　USA；huma　un　ma　net．fSu．edu．2Curtin　Univ．，

Perth，　AUS．3MNHN＆CNRS，　Paris，　FR．4Rutgers　Univ．，　Piscataway，　USA．5LPGN，　Univ．
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Introduction：

　　　　Meteorites　from　Mars　provide　us　with　the　only

detailed　chronological　and　chemical　constraints　on

the　geological　evolution　of　Mars．　Most　of　the　known

Martian　meteorites　are　igneous　rocks，　comprising

shergottites　ranging　in　age廿om　160－600　Ma，　or

nakhlites／chassignites　of　about　l．4　Ga．　The　known

exceptions　are　ALH　　84001，　a　monomict
orthopyroxenite　breccia　of　3．8　Ga　age　［1］，　and　the

newly　repo㎡ed　NWA　7034　polymict　breccia［2］．
This　amazing　meteorite　is　represented　by　a　set　of　nve

paired　stones　that　are　named　NWA　7034，　NWA　7475

and　NWA　7533．　An　enduring　enigma　in　the
Mars－meteorite　connection　is　the　lack　of　samples

廿om　the　ancient　cratered　terrain　when　there　are　over

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　prlstlne

Pristine　rocks　fYom　the　Moon　are　comparatlvely　hard

to　find　in　both　Apollo　collections　and　among　lunar

meteorites　compared　with　lunar　highlands　breccias

that　contain　abundant　meteoritic　debris［3－4］．

　　　　NWA　7533　has　now　been　recognized　to　be　a

polymict　breccia　containing　mafic　and　feldspathic

clasts　in　a　matrix　of　alkali　basaltic　bulk　composition

［5］．Prior　Rb－Sr　dating　yielded　an　age　of　2」Ga［2］，

and　preliminary　K－Ar　dating　yielded　an　age　of～1．56

Ga［6］，　inconsistent　with　an　origin　fヤom　the　ancient

cratered　highlands．　In　this　report，　we　summarize

recent丘ndings　on　the　study　of　NWA　7533，
particularly　new　compositional　and　U－Pb　zircon
dating，　and　discuss　their　implications　fbr　early　Mars．

60Martian　meteorltes　that　appear　to

younger　volcanic　terrains．　Even　ALH

oldest　known　Martian　meteorite，ぬs

lowest　siderophile　element　contents

meteorites，　i．e．，　ALH　84001　is　a’，

come廿om
84001，　the

among　the

of　Martian
　’　”　rock．

Analytical　Met㎞ods：

　　　　．An　uncoated　section，　NWA　7533　section－3，
　　　イ　

was・．　analyzed　by　laser　ablation　ICP－MS　using　an

ElectroScientinc　InstrumentsTM　New　Wave
UP　193FX　ArF　excimer（193　nm）laser　ablation
system　coupled　to　a　Thermo　ElectronTM　EIement　XR

［7－8］．Altogether，76　peaks　fbr　m司or　and　trace

elements　and　their　interferences　were　monitored．

Spot　sizes　of　50－150μm　were　used，　and　the　laser

repetition　rate　was　50　Hz，　with　a刊uence　of＞2
GW／cm2．　Raster　rates　were　l　Oμm／s．　Laser　dwell

times　on　a　spot　were　20　s，　resulting　in　a　pit　depth　of

－ 100畑dete㎜ined　by輪ussing　of　the　optical
microscbpe　on　the　top　and　bottom　of　the　pit．　Relative

sensitivity　factors　obtained丘om　separate　standards

R）rmany　well－characterized　lithophile　elements

agreed　to　2－5％，　but　the　accuracy　is　worse　fbr

elements　fbr　which　only　one　standard　was　available，

e．g．，1もr　NIST　SRM　610（～10－20％）．

　　　　U－Pb　isotope　analyses　on　polished　and

Au－coated　NWA　7533　section－4　were　perfbrmed　on

aShrimp　II　high－resolution　i皿microprobe　at　Curtin

University　（Perth，　Westem　Australia）　under
analytical　conditions　described　previously［9］．　The

beam　spot　was　reduced　to　7μm　to　effξctively

analyze　the　small　zircons　observed　with　a　primary
O2－beam　current　of　O　5　nA．

Results：

　　　　Analyses　of　s　zircon　grains　large　enough　to

obtain　one　or　more　spots　with　no　beam　overlap

yielded　a　discordia　line　with　an　upper　intercept　of

4，428±25Ma　and　a　lower　intercept　of　l，712土85　Ma．

Three　zircons　plotted　concordantly　on　the　upper

intercept，　supPorting　a　very　ancient　origin　of　the

zircon－bearing，　leucocratic　lithologies．

　　　　Chemical　compositions　of　matrix　and　clasts

廿om　NWA　7533　is　presented　in毎ures　l－3，　and

discussed　fUrther　below．

1）iscussion：

　　　　The　excess　Ni　in　Martian　rocks　and　soils　has

been　interpreted　in　terms　of　a　meteoritic　component

［10］，or　as　an　indigenous　protolith　fbrmed　by　partial

melting　of　an　oxidized　early　Martian　mantle［11］．　In

this　study，　ubiquitous　meteoritic　contaminant　is

observed　in　the　interclast　crystalline　matrix（ICM），　in

clast－laden　impact　melt　rocks（CLIMR）analyses，　and

in　many　of　the　coarse　lithic　clasts　from　NWA　7533

（Fig．1），　indicating　that　many　of　the　coarse　clasts

originated　fτom　impact　melts．　The　re廿actory

siderophile　elements，　Os，　Ir，　Ru，　Rh　and　Pt，　require　a

chondritic　source　fbr　the　excess　siderophiles．　The

excess　Ni　is　equivalent　to～4－5％CI　chondrite　in　the
　　　　　　　　　　ア

NWA　7533．晦、breccia．　However，　the　meteoritic

material　is　not　represented　by　a　single　metallic

component，　but　the　Ni　and　Ge　have　been　oxidized

and　merged　with　the　silicate　components．　Our

in正erpretation　of　excess　Ni　in　NWA　7533　also

extends　to　the　Martian　rocks　and　soils　observed　at

Gusev　crater（Fig．1）．　The　presence　of　ancient

zircons　indicates　that　the　siderophiles　in　NWA　7533

0riginate　from　the　southern　highlands．　Dust　storms

are　likely　to　distribute　meteoritic　material　f士om　the

southem　highlands　to　all　Martian　basins．　We　fbund

no　evidence　to　support　an　early　oxidized　mantle　on

Mars．

　　　　The　NWA　75331CM　and　CLIMR　are
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compositionally　slmilar　to　soils廿om　Gusev　Crater　in

all　m司or　element　ratios（Fig．2）and　Ni　abundances，

although　more　Mg－rich．　In　Fig．2，　the　cpx－rich

nakh正ites　plot　above　the　SNC　trend　while也e　soils

plot　below　the　SNC　trend　in　a　complementary

血shlon．　This　implies　a　relative　depletion　of　Ca　in

Martian　soils，　a允a加re　shared　by　NWA　7533．　The

ICM／CUMR　in　NWA　75331s　also　depleted　in　Sc，

while　nakhlites　are　enriched　in　Sc，　indicating　that　the

soils　renect　a　cpx　depletion　of　magmatic　origi泊n

their　protolith（Martian　cmst）rather　than　loss　of　Ca

dur｛ng　aqueous　alteration　of　the　source　reg▲on［12］．

However，　there　are　key　dif危ences　between　modern

Ma貫ian　soils，　all　of　which　are　enriched　in　S，　CI　and

Zn　relative　to　the　rocks，　and　NWA　7533　components

which　strikingly　lack　these　enrichments（Fig．3）．　We

in飴r　that　the　ancient　Martian　hydrosphere　removed

these　volatiles　倉om　the　ancient　soils　lithified　ln

NWA　7533，　suppo仕ing　recent　geological　evidence

偽r鉛㎜er　oceans　on　Mars［13］．

　　　　　The　NWA　7533　matrix　REE　pattern　is
COnsistent　with　a　IOW　degree　partial　melt　Of　a　f＞rtile

gamet　peridotite　source．　It　agrees　well　with　an

end－member　of～20％　crustal　contamination　of

shergottite　magma［14］，　with　the　exception　that　the

NWA　7533　REE　pattem　is　steeper　in　the　HREE．　The

Martian　mantle　is　inferred　to　have　re㌦ctory
incompatible　elements（Ba，　Th，　U，　Nb）at～2　xα［12，

14］、These　elements　are　enriched　45－48　x　CI

implying～4－5％partial　melting　of　a　f奄rtile　source　fbr

Martian　cmstal　origin．　If　the　whole　mantle　of　Mars　is

melted　to　an　average　melt廿action　of　4－5％it　imphes

an　average　crustal　thickness　of　45－60　km，　consistent

with　geophysical　estimates　of　Martian　crustal

thickness［15］．

　　　　　In　summary，　NWA　7533　is　a　polymict　breccia

containing　4．4　Ga　zircons，　abundant　chon（lritic

impactor　debris，　and　lithined　Martian　soil　modi五ed

by　interactions　with　an　early　hydrosphere．
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989－1014．［4］Korotev　R、　L。　et　al．（2009）」》ετeo〃τ～c5

P1αηe乙Scl．44，1287－B22．［5］Hewins　R．　H．　et　al．
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Introduction：　Chondrules　have　fbrmed　at　the
beginning　of　the　solar　system，　most　probably　in　the

primordial　solar　nebula．　The　standard　pressure　of

the　primordial　solar　nebula　has　been　assumed　to　be

l－100Pa　based　on　the　theoretically　estimated　gas

density．　Experiments　on　chondrule　Ib頂ation　have

l）een　carried　out　mainly　under　the　atmospheric
pressure　（105　Pa），　controlling　oxygen　fUgacity．

Experiments　on　chondrule　fbmlation　in　the　pressure

　　　　　　　　primordial　solar　nebula　have　beenof　the
insuf臼ciently　carried　out．　We　set　up　a　new　fUmace

controlling　the　nebula　pressure　range，　and　started　to

reproduce　the　chondrules．　The　fbcus　is　on　the

interaction　of　chondruie　melt　with　the　surrounding

gas，　and　the　condition　is　probable　in　the　primordial

solar　nebula　when　the　precursor　materials　are　heated．

Experiments：The　total　pressure　in　the　newly
installed　vacuum　fUmace　was　controlled　to　be～100

Pa　by　a　batterny　valve（F呵i　Technology），　indicated

丘om　the　diaphragm－seal　type　pressUr賠auge（MKS

Baratron　Type　626）．　Under　the　condition，　the

hydrogen　　gas　　is　　｛ntroduced　　by　　the　　electric

decomposition　of　water（～50　cc／min），　and　the　total

pressure　nearly　equals　to　hydrogen　molecule　pressure．

The　small　chip　of　the　Allende　CV3　chondrite　was

used　per　one　run　with　the　weight　of～30－50　mg（～3

mm　in　size），being　avoid　oflarge　CAIs．　The　size　may

nearly　represent　bulk　composition，　considering　the

size　of　chondrules．　Two　type　experiments　were

carried　out：one　is　that　the　charge　is　held　in　the

capsule（cruicible　l　in　Fig．1），　and　anot｝ler　is　that　it　is

h〔遥dand　silica　powder　is　on　the　bottom　of　the

cruicible（cruicible　2　in　Fig．1）．

　　　　　The　charge　was　holded　mainly　using　the

platinum（Pt）wire　with　the　diameter　of　O．2　mm衣）r

＃Al　runs　and　using　the　molybdenum（Mo）wire　with

the　diameter　of　O．2　mm　fbr＃Al－T　runs．　The

absorption　of　iron　content　in　the　charge　into　Pt　was

much　larger　than　that　of　Mo．　When　the　capsule　is

heat頃in　the血mace，　the　interior　of　the　capsule　is

dominant　of　H2　gas（Figs．2and　3）．　The　expected

partial　pressures　were　calculated　using　the　JANAF

thermochernical　tables．

　　　　The　activity　coefficients　of　the　melt　were

assumed　to　be　unity　as　the　maximum　estimation．

Even　三f　taking　account　into　consideration　of　the

maximum　estimation　of　partial　pressures　f㌃om　melt，

the　oxygen　fhgacity　of　the　interior　of　the　capsule　is

estimated　to　be　in　the　range　of　IW－2　and　IW－4．

　　　　When　the　silica　powder　is　put（cruicible　2），　the

SiO　pressure　f｝om　silica　is　larger　than　that　f士om　the

melt（Fig．3）．　The　oversaturated　SiO2　component　in

the　gas　may　cause　condensation　of　SiO2　colnponent

lnto　the　melt　during　the　heating．

　　　　The　maxlmum　temperatures　and　the　cooling

rates　were　controlled　in　the　range　of　1525－1225°C

（250C　step）㊤r＃Al　runs　l　3　times　with　the　cooling

rate　is～104／h，　at　the　temperatures　of　1450°C　and

l2500C　fbr＃Al－S　nlns　with　the　cooling　rate　of～100

°C／h，and　at　the　temperatures　of　1450°C，1350°C，

1300°C，and　12500C　fbr＃Al－T　runs　with　the
cooling　rate　of～1000C／h．

Resuhs：The　common　main　mineral　species　from
＃Al　runs　were　olivines（Figs．4and　5）．　Pyroxenes

joined　ffom＃Al－S　runs（Figs．4and　7）．　While，

large　euhedral　enstatites～several　hundredsμm　in

size）crystallized　f㌃om＃A1－T　l　and－T3　nlns　of＃Al－T

runs．　They　poikilitically　enclose　rounded　olivines

（Fig、4）、　The　enstatites　of＃Al－T5　were　dominant

only　on　the　periphery（Fig．4），　and　the　Fe　content　of

the　enstatite　is　slightly　higher　than　those　of＃Al－T　l

and－T3．　The　interior　of＃Al－T5　was　dominant　of

olivines．　At　the　lower　temperatures，　slightly　fbrroan

pyroxenes　crystallized　only　near　surface　of　the

charge（Fig．8）．

Discussion：The　bulk　composition　of　the　charge　is

saturated　with　olivine．　Thus　the　crystallization　of　a

large　amount　of　low－Ca　pyroxenes　（mainly
enstatites）仕om＃Al－T　runs　suggests　that　the　bulk

composition　changed　to　enstatite　liquidus　field倉om

the　olivine　liquidus　field　to　Si－rich　composition．　It

has　been　dif五cult　to　make　enstatite　having　the　solar

ratio（～1）phase　of　the　Mg／Si　ratio　in　the　early　solar

nebula　so　far［1］．　The　rapid　fbrmation　of　enstatite

in　the　present　experiments　is　a　new　path　to　fbrm

enstatite　in　the　early　solar　nebula．　The　study　is　also

consistent　with　the　earlier　study　by［2］．

　　　　　　　　This　study　is　supported　by　Grant－in－Aid

fbr　Scientific　Research　of　JSPS（No．23340165）．

Refbrences：［1］Imae　N．　et　aL（1993）EPSL，　l　l　8，

21－30．［2］Tissandier　L．　et　al．（2002）、砲’θoγ友、　P1α〃θ’．

8c’．，3Z　l377－1389．

　　　　cruiclble　l　　　　　　　　　　　c田icible　2

H2　gas 　
　　　lCm H2　gas

　　↓

Ptot＝：P〈H2）＝100　Pa　　　　　　Ptoゼ＝P（H2）＝100　Pa

Fig．　1．　Alumina　cruicibles　fbr　the　present
experiments．　The　orifice　diameter　of　the　cruicible　l

and　2　is　3　mm　and　l　mm，　respectively．
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Mineralogical　examination　of　carbonaceous　matter　in　carbonaceous　chondrites

　　　　　　　　　　　　　　　　　　　　　　by　TEM　and　Raman　spectroscopy

Chikako　IWASEI　and　J呵iAKAI2，　l　Grad．School　of　Sci．　Tech．，

　　　　　　　　　　　　　　　　　　　　　2Faculty　of　Science，　Niigata　University

Niigata　UniVerSit）タ

豆ntroduction：Carbonaceous　matter　in　chondritic

meteorites　has　inR）rmation　of　a　complex　history　of

the　protoplanetary　disk　and／or　meteorite　parent

bodies．

In　this　stud脇we　have　analyzed　the　carbonaceous

matter　extracted廿om　l　O　Antarctic　carbonaceous

chondrites（CM2，　CM20r　Cl，　CO3　types）and　6

Non－Anterctic　carbonaceous　chondrites（CM2，　CV3，

CO3　types）　uslng　Raman　spectroscopy　and
transmission　electron　microscopy（TEM）to　measure

the　degree　ofalternation．

Sample　and　methods：The　samples　used　in
study　are　as　fbllows．

Antarctic　carbonaceous　chondrites：

this

Yamato（Y）－86720（CM2），　Y」86789（CM2），　Y」80120

（CM2），　Y」793321（CM2），　Y二74662（CM2），　Y」82054

（CM2），　Asuka（A）－881655（CM2），　Y」790992（CM2），

Belgica（B）－7904（CM20r“CI”），　Y」86751（CV3），

Y」790992（CO3），　A－882094（CO3），！』ン∴’

Non－Antarctic　carbonaceous　chondrites：

Ac免r331（CM2），　Murray（CM2），　NWA　852，　NWA

2086（CR2），　Shi§r　O33（CR）．

The　meteorite　samples　were　dissolved　in　HF／HCL

Then，　the　samples｛br　Raman　analysis　are　placed　on

aslide　glass　with　ethanol．　Samples　fbr　TEM
observation　were　prepared　on　microgrids．

TEM　observations　were　carried　out　using
JEM－2010（JEOL）system　that　was　operated　at　200

kV　with　EDS　attachment．

Raman　spectroscopy　detects　the　structural　order　of

carbonaceous　material，　which　is　best　parameterized

by　the　relative　intensities　of　the　so－called　D

（‘‘disordered”）and　G（‘‘graphite”）bands．　The

intensity　ratio　IG／ID　increase　in　the　case　of　graphite　with

the　size　of　the　domain．　Mono－crystalline　graphite
shows　only　G　band　at～1581　cm－1．　The　second　band，

the　D　band　at～1355　cm－l　is　caused　by　defect，

polyqrystallinity　and　small　domain　sizes，　crystaI

boundary　ef民cts，　and　size　reflects　increasing　disorder．

The　peak　width　of　D　band（FD）　generally　decrease

with　increasing　metamorphism．

Result：Raman　analyses　average　of　the　signals　from

all　constituents　of　the　meteoritic　carbonaceous

material　residues，　which　include　highly　interlinked

macromotecular　materia1，　potentially　amorphized　C

and　small　mineral　grains　embedded　in　the　extracted

carbonaceous　matter，　including　presolar　grains　of

SiC，　graphite，　and　nano　diamonds　as　well　as　oxides

（e・9・，chromite）ofsolar　system　origin．

The　reSult　of　Raman　analysis，　the　most　primitive

samples（CM，　CI）show　the　largest　values　fbr　FD

and　D　band　position．　CV　and　CO　type　chondrites

shows　smaller　values　than　CM　or　CI．　From　this，

crystallinity　of　carbonaceous　matter　dif民r　with　the

meteorlte　types・

Using　the　ratio　of　rD　vs．　D　band　position，　the

relative　degree　ofcrystallization　ofthe　carbonaceous

matter　in　the　meteorites　becomes　apparent．　The　peak

metamorphic　degrees　and　peak　temperatures　were
calculated　using　the　half　bandwidth　of　D　band［1］．

Using　these　data，　the　peak　metamorphic　temperature

of　carbonaceous　matter　in　the　chondritic　meteorites

was　estimated．　The　meteorite　samples　of　B－7904，

Y」793321，Y」86720　which　have　experienced　strong

thermal　metamorphism［2ユshowed　relatively　low

tenΨerature　fbr丘〕rmation　of　carbonaceous　matter：

That　is，223°C　（B－7904），227°C　（Y」793221），　and

240°C（Y」86720）．This　contradicts　peak　temperature

of　thermal　metamorphism　　calculated　廿om
phyllosilicates：　Y」793321　　（200－25g°C），　Y」86720
（700－750°C），and　B－7904（＜750°C）［21．　It　is　suggested

that　carbonaceous　matter　in　meteorites　has

experienced　dif琵rent　thermal　history　fそom
phyllosilicates．

In　the　TEM　observation，　we　could　find　organic

globules　ill　the　samples　whose　carbonaceous　matter

indicates　low　crystallinity　Organic　globules　show　the

hollow　morphology　Measuring　the　thickness　of

outer　envelope　and　radius　of　the　organic　globules

observed　in　each　sample，　the　ratios　of　the　thickness

of　outer　envelope　vs．　radius　were　similar　fbr　all

organic　globules　even　in　diffbrent　type　carbonaceous

chondrites．　From　this，　it　is　not　likely　that　there　is　a

relationship　between　the　type　of　meteorite　and　the

size　and　thickness　of　outer　envelope　of　organic

globules．

　　On　the　other　hand，　in　the　carbonaceous　matter　of

Allende（589°C）and　A－882094（458°C），　which　has

well　crystallized　carbonaceous　matter，　we　couldn’t

find　organic　globules．　There　may　be　a　relationship

between　the　presence　oforganic　globules　and　degree

ofthe　organic．material　crystallization・

　　In　addition，’we　　conduct　a　carbon　isotope

measurement　ofcarbonaceous　material．　discuss　the

relat｛onship　between　degree　of　crystallinity　　of

chQndritic　carbonaceous　matter　and　abundance　of

organic　globules．

Refbrences：
［1］Huss．　G　R．　et　al．，2006．　The　University　ofArizona

Press．　Pp．567－586．

［2］Akai，　J．1988　Geoc舵加ωCo5ηoc乃酩」ωeτ．4σα，

52，1593－1599．
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Amino　acids　in　cosmic　dusts　and　carbonaceous　chondrites・K．　Kobayashi　1・2，　H．　Mita3，　T．

K・g・wal，T．　K・n・k・1，Y．　Ob・y・・hil，Y．　K・w・g・・hi4，　K．　Ok・d・i・a5，　M．　T・b・ta6・7，　H．　Y。b。ta8，

E．Imaig，　S．　Hasegawa7，　H．　Kawai6，　H．　Yano7，　H．　Hashimoto7，　S．　Yokobori4　and　A．

Y・m・gi・hi4，　lY・k・h・m・N・ti・n・I　U・iversity，2N・ti・n・l　l・・tit・t…fN・t・・al　S。i。nce、，

3Fukuoka　Institute　of　Tbchnology，4Tokyo　University　of　Pharmacy　and　Life　Science，5Aizu

U・iversity，6Chib・U・iversity，7JAXA／ISAS，80・ak・U・iversity，’N・g・・k・U・iversity・f

Tbchnology

Introduction：

　　　Amino　acids　have　been　detected　in　such

extraterrestrial　bodies　as　carbonaceous　chondrites

and　comets，　and　their　relevance　to　the　origin　of　lifb

on　the　Earth　is　discussed、　We　are　planning　a　space

experiment　named　the　Tanpopo　Mission，　where

several　experiments　including　capture　of　space　dusts

and　exposure　of　organic　compounds　and
microorganisms．　As　to　the　capture　experiments，

several　aerogel　blocks　will　be　attached　on　several

faces　of　an　integrated　experimental　rack　that　will　be

placed　on　JEM／EF　of　ISS．　High－speed　dusts　will

make　tracks　in　the　aerogel．　After　recovering　them

to　the　Earth，　we　will　separate　each　track　with　a

terminal　grain，　and　will　apPly　to　chemical　analysis，

including　　microscopic　　techniques　　（FT－IR，

STXM－XANES，　etc．）and　amino　acid　enantiomers

analysis　after　acid　hydrolysis［1］．

or　comets・It　is　of　great　interest　to　compare　organic

compounds　in　cosmic　dusts　and　those　in
carbonaceous　chondrites．　We　are　planning　to

analyze　amino　acids　in　some　carbonaceous
chondrites　collected　in　Antarctica．

References：

［1］Kobayashi　K．　et　aL（2012）7をoηぷ．吻〃．50c．、4eγo

助αcθSc↓．，10（ists28），　Tp＿7－11．［2］Takano　Y．　et　al．

（2004）（yeoc乃θ〃2．ノ．，38，153－161．

Two－stage　light　gas　gun　experiments：

　　　Amino　acid　is　one　ofthe　main　target　molecules　to

be　R）und　in　the　capture　experiments．　We　have　tested

whether　hypervelocity　dusts　can　be　trapped　in

aerogel　by　using　a　two－stage　light　gas　gun　equipped

in　JAXA／ISAS．　Samples　such　as　amino　acids

adsorbed　to　porous　silica　gel　and　powder　of
Murchison　meteorite　were　shot　out　at牛6km　s□，and

were　captured　in　an　aerogel　to　see　whether　organics

could　be　recovered　in　the　terminal　grains　or　tracks．

The　aerogel　block　containing　tracks　of　high－velocity

particles　was　digested　with　HF－HNO3　in　a　Teflon

container　［2］．　The　digested　solution　was　then

acid－hydrolyzed　with　6　M　HCI，　was　desalted　with　a

cation－exchange　resin（Bio－Rad　AG－50WX8）or　a

solid－state　extraction　column（MonoSpin　SAX），　and

amino　acids　were　determined　by　cation－exchange

HPLC　after　post－column　derivatization　for
nuorometric　detection、

　　It　is　of　quite　importance　to　reduce　amino　acids　in　a

procedural　blank．　Blank　amino　acid　level　with

MonoSpin　SAX　was　much　less　than　that　with
AG－50WX8．　However，　it　should　be　further　reduced

to　dete㎜ine　amino　acids　in　cosmic　dusts．　Thus，　we

are　planning　to　delete　the　desalting　Processes　by

applying　reversed－phase　HPLC

Comparison　of　amino　acids　in　cosmic　dusts　and

carbonaceous　chondrites：

　　It　is　believed　that　cosmic　dusts（interplanetary　dust

particles）are　originated　from　asteroids（meteorites）
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Revisiting　the　Presolar　Grain　Inv斑tory　of　the￥691　Enstatite　Chondrite．　J．

A．de　Ridder1・2，　M．　Raes1，Ph．　Claeys1，　L．　Polerecky31V司e　Universiteit　Brussel，

Universiteit　Leuven，3Universiteitし猛recht

Kodolanyi　I，

2Katholieke

111tro｛luctiOI1：

　　　　Dif民rences　in　the　m勾or　eleme磁and　isotope

composition　of　carbonaceous，　as　well　as
unequilibrated　ordinary　and　enstatite　chondrites（EC）

are　thought　to　be　the　resu▲t　of　the　fact　that　these

meteorite　classes　sampled　dif允rent　regions　of　the

solar　nebula．　The　di餓｝rences　in　the　sampled　nebular

regions　are　also　reflected　in　the　presolar　component

of　these　meteorltes，　with　carbonaceous　chondrites

showing　the　hlghest　presolar　grain　contents　among

di醗rent　meteorite　classes（up　to～250　ppm　by

volume　wh題normalised　to　the　meteorite　matrix；e．g．，

［1］）．However，　data　about　the　presolar　grain　content

and　presolar　grain　composition　of　ordinary
chondrites　and　ECs　are　limlted　and　often　rely　on

investigations　on　the　bulk　rock　scale．　ECs　a「e

beheved　to　have　sampled　the　least　amount　primltive

material　yet　some　of　them　have　a　higher　presolar

grain　content（up　to　l　50　ppm；［2］）and　a　wider　range

of　　presolar　　grain　　abundances　　than　　even

unequllibrated　ordmary　chondrites［2－4］．　How　much

this　variability　is　the　result　of　nebular　heterogeneity

（induced　by　e．g．，　nebular　processing）　or　of　parent

body　processes（e．9。，　metamorphism　or　hydrothermal

alteration）is　currently　unknown　and　needs血rther

Investlgat正on．

　　　　In　the倉amework　of　a　recently　inltiated　pr（りect，

we　would　Iike　to　revisit　the　presolar　grain　abundance

and　composition　of　the　Yamato　69至（Y」691）type　3

EC．　Previous　work　has　shown　that　Y」691　contains

presolar　grains　b田not　a▲▲presoIar　gram　types　have

been　searched　fbr　in　the　sample．　Besides，　the　presolar

grain　assemblage　of　the　meteor▲te　was　mvestigated

using　an　instrument（the　IMS　l270　ion　probe

equipped　with　stacked　CMOS－type　actlve　pixeI
sensor；［4－5］）with　lower　sensitivity　than　that　of　the

nanoSIMS，　the　routlne　tool最）r　the　detection　of

presolar　　grains．　　This　　may　　have　　caused　　an

underest輌茎nation　of　the　abundance　of　presolar　grains

in　this　meteorite（as　was　the　case　fbr　Acfer　O94，［6］）．

Acomplete　and　statlstically　more　robust　da叱aset　of

presolar　gra▲n　types　and　their　respective　abundances

in　Y・691　based　on　nanoSIMS　measurements，　will　be

inva▲uabヨe　fbr　the　presolar　grain　record　of　ECs，　s▲nce

there　are　only　three　other　ECs　whose　presolar　grain

inventory　has　been　investigated　uslng　the　nanoSIMS．

Sample　descrip60n：
　　　　Y69hs　among　the　best　studied　ECs［e．g．，7，8］．

We　obtained　a　thin　section　of　Y」691　fヤom　the　MPR

to廿nd　presolar　grains　w｛th　the　nanoS｛MS　50L　ofthe

Utrecht　University　Prior　to　nanoSIMS　measurements

we　used　secondary　and　back－scattered　electron（SE

and　BE，　respectively）images　and　X－ray　maps，

obtained　with　the　JEOL　JSM　7000F㌦ld　emlssion

electron　microscope　of　the　Vrije　Universiteit　Brussel，

to　locate　those　areas　of　the　sample　whlch　are也e

most　suitable　R）r　later　analyses　with　the　nanoSIMS．

Y－691　consists　of　（1）　50－1000　μm　　diameter

chondrules　of　irregular，　ellipsoidal　or　spherical　shape，

（2）rounded　multiphase　metal－suゆhide　assemblages

廿orn　tens　to　hundreds　ofμm　in　diameter，　and（3）

matrix　of　mono－or　multiphase　silicate，　metal　and

su▲ph▲de　minerals／mineral　asselnblages　of　irregular

shape　and　varlable　diameter廿om＜1μm　up　to
several　tens　ofμm（Fig⊃）。　We　refbr　to　the＜2μm

f｝action　of　the　latter　material　as“ultra一五ne－grained”

matrix　herea廿er．　Such　matrix　regions　are　the　primary

targets　of　nanoSMS　investigation　as　most　presolar

grains　are　characterized　by　O．1－iμm　grain　size［9］．

　　　　The　ultra－fine－grained　matrix　of　Y」691

constitutes　a允w％o　of　the　meteorite　by　volume．

Despite　its　low　overall　ab岨dance，　it　is　fbund

throughout　the　sample，　However，　most倉equently　it

occurs　along　the　rilns　of　chondrules．　Its　rnineralogy

appears　to　be　similar　to　the　mmeralogy　ofthe　coarser

grained　matrix　components［7，8］although　we　have

not　fbund　niningerite　or　oldhamite　in　it．　Based　on

X－ray　mapPmg　and　semi－quantitative　point　analyses

using　energy　dlspersive　X－ray　speαroscopy（EDX）

the　ultra－6ne－grained　matrix　consist　largely　of　Mg－

and　Ca－Mg－slllcates，　a　sllica　polymorph，　Fe－Ni　metal，

perryite，　schreibersite　　and　　troilite　　（Figs．　1－2）、

Ultra－6ne　matrix　grains　are　varlable　in　Size（mostly

40－1500nm）and　shape（aspect　ratio　between　l：land

l：5）but　most　grains　are　roughly　isometric（Figs．1－2）．

Similar　to　other　compone舟s　of　the　meteorite，　the

ultra－Hne－gra▲ned　rnatrix　of　Y」691　exper▲enced　little

aqueous　alteration（Fig．1）．

Fig．1．　Detail　of　the　ultra－f］ne－grained　lnatrix　of　the

Y」691（SE　image）．　Scale　bar：］μm．　Silicates　appear

dark　gray，　phosphides　and　sulphides　appear　white．

Medlum　gray　regions　are　metal　rich　alteration

products．　See　Fig．2a　fbr　a　more　detailed　mineralogy
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X－ray　maps　ofpart　ofthe　ultra－fine－grained　matrix　of

Y」691．The　mapped　area　r皿ghly　corresponds　to　that

depicted　in　Fig．　l　but　it　is　slightly　largerL　The　scale

bar　in（a）corresponds　to　1μm．　Tどntative　mineral

identification（a）is　based　on　X－ray　mapping　and

EDX　point　analyses．　Mineral　abbreviations：Mg－Sil

＝ Mg－silicate　phase（s），　Sil＝silica　polymorph，　Sch＝

schreibersite，　Per＝perryite，　Tro＝troilite．
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Discussion　and　Outlook：

　　　　Ebata　et　al．［3］estimated　a　matrix－normalised

presolar　carbonaceous　grain　abundance　of　l　4　ppm

and　a　presolar　silicate　grain　abundance　of4ppm　fbr

Y」691，based　on　IMS　l　270　ion　microprobe輌maging

（see　above）．　The　authors　did　not　distinguish　between

carbonaceous　grain　types　although　in　a　later　study

［10］　mentioned　SiC　and　graphite　among　the

carbonaceous　grains　without　specifying　their
respective　abundances．　The　above　presolar　gra輌n

abundances　are　in　stark　contrast　with　the　nanoSIMS

results　of［2］who　fbund～100　ppm　presolar　silicate

and～50　ppm　presolar　carbonaceous　grains　in　SAH

97159，an　EH3　chondrite　with　almost　identical
mineralogy　and　alteration　to　that　of　Y」691．Thus，　if

the　presolar　grain　abundance　estimated　by［3］（based

on　the　low－sensitivity　measurements）is　confirmed

by　our　nanoSIMS　measurements，　the　lower　presolar

grain　abundance　in　Y」691　relative　to　SAH　97159　can

be　interpreted　as　the　result　of　the　heterogeneous

distribution　ofapresolar　component　in　the　EC　source

regions　of　the　solar　nebula．　As　mentioned　above

however（see　Introduction），　it　is　also　possible　that　the

observed　dif民rence　in　the　presolar　grain　abundance

is　owing　to　the　lower　sensitivity　of　the　analytical

instrument［3］applied．　Based　on　the　isotope　images

of　［3］，　these　authors　scanned　large　areas　of　the

meteorite　matrix，　includ輌ng　large　matrix　areas　with

＞1μmgrain　size，　to　detect　presolar　grains．　In　order

to　improve　the　efficiency　of　presolar　grain　detection，

we　fbcus　our　effbrts　on　the　ultra－fine－grained　matrix

of　Y」691，　to　detect　presolar　grains　and　use　the　more

sensitive　nanoSIMS　to　investigate　the　sample．

急
云
轟
丁

＝
泣
』
一
⊆
倍
O
こ
O
U
ー
穿
≧
○
　 巴＝二1二二，．＝罵＝二一＿一．　帰．コ与口評教 タ瓢

References：

　　　　［1］BoseMetaL（2012）Gα，93，77－101．［2］

Zhao　X．　et　al．（2010）漉τθo仇P1αηθτ．5cゴ．，45，　A224．

［3］Ebata　S．　et　aL（2006）．L1）S＝　1619．［4］

Ebata　S．　et　aL（2007）屹τθoγπ．　P1αηθL　5c↓．，42，　A38．

［5］YUrimoto　H．　et　aL（2003）4ρμ　翻プ5cj．，

203－204，793－797．［6］Nguyen　et　aL（2007）41λZ　656，

1223－1240．［7］Kimura　M．（1988）Pn）c．　MPRε脚ρ．

．4η’ακL、椛τθo仇，1，51－64．［8］Rubin　Al　E．（2009）

屹τθoγ立P1αηθL＆コi．，44，589－601．［9］Hoppe　R

（2011）Proc．　Sci．，入πC互　021．［10］Ebata　S．　and

YUrimoto　H．（2009）」椛τθo仇1）1αηθ’．　Scゴ．，44，　A65．

一 41一



U－Pb　dating　of　zircon　in　Mesosiderite　Asuka－882023　M．　Koikel’2，　N．　Sugiura2，　Y．　Sanol，

N．Takahatal，　and　A．　Ishidal

lAtm・・ph・・e　and　Ocean　R・・ea・ch　I・・tit・t・，　U・iversity・f　T・ky・，2D・呼m・nt・f　E・抗h・nd

Planetary　Science，　University　of　Tokyo．

Introduction：

　　　　Mesosiderites　consist　of　Fe－Ni　metals　and

HED－like　silicates．　Their　origin　is　rather　uncertain，

while　mix輌ng　between　core　and　crust　of　the　large

parent　body　is　suggested［1］．　From　molten　metal　and

unequi▲ibrated　s輌licates　fbatures，　their　complicated

reheating　hlstory　is　estimated［2］．　A丘er品㎜ation　of

s輌licates　at　456　Ga，　they　experienced　metal－silicates

mixing　at≧4．47　Ga　with　rapid　cooling（1－100

degree／day）near　the　surらce　ofthe　parent　body．　They

subsequently　cooled　very　slowly（～0．1　degree／day

around　400　C）befbre　3．9　Ga．

　　　　Timing　of　the　the㎝al　event　is　imponant　fbr

estimation　of　the　heat　source．　At　ancient　stage　of　the

solar　system，　the　heat　source　candidates　are（1）solar

nebular　activity　and（2）short－lived　radionuclides，　as

well　as（3）accretion　and　impact　heat．　Since

mesosiderites　reheated　at　the　very　early　age　on　the

parent　body　surface，　they　may　have　recorded　the

early　solar　system　evolution［3］．

　　　　Meanwhile，　U－Pb　age　in拓㎜ation　is　impo貫ant

and　can　be　obtained倉om　zircon　in　meteorites．

Previous　Pb－Pb　dating　of　Vaca　Muerta　zircon　is

reported　as　4563＋／－15　Ma，　which　may　be　the

crystallization　age［4］．　Recently，　Haba　et　al．［5】

showed　younger　Pb－Pb　age　of　4520＋／－27　Ma　fbr　a

highly　metamorphosed　mesosiderite，　Estherville．

Here　we　show　the　U－Pb　dating　of　zircon　fbund　in　the

Asuka　882023　mesosiderite．

Sample＆Methods：
　　　　From　A　882023　thin　section，　a　large　zircon

grain（80　x　30μm，　Fig．1）was偽und　by　SEM

observation　and　analyzed　fbr　U－Pb　age　using

NanoSIMS（＠AOR．1，　Univ．　of　Tokyo）．　For　SIMS

analysis，　a～3　nA　O－ion　beam　with　spot　size　of～10

μmis　applied　of　10spots．　Analyses　of238U－206Pb　and
207Pb－206Pb　were　per飴㎜ed　separately　on　the　same

spot．　Sample　238U／206Pb　ratios　are　calibrated　using

AS3　standard　zircon．

metal－silicate　mixing．　　Because　of　the　large

uncertainties，　our　age　results　are　indist輌ngu輌shable

廿om　both　old　Vaca　Muerta［4］and　younger
Estherville　［5］．　However，　the　analyzed　zircon　is

likely　metamoq）hic　orig輌n　cons輌dering　the　large　grain

s輌ze，　lower　U　contents　and　somewhat　younger　age．

　　　　Mineral　and　chemical允atures　questloned
impact－origin　of　A　882023［6］．　If　the　re－heating　age

is　4．527　Ga，26Al　does　not　prov輌de　enough　heat．

Another　problem　of　radionuclide　heat　source　is　that

they　heat　the　parent　body　ffom　inside．　Surface

temperature　should　be　lower　than　the　interior
temperature．　A　possible　way　to　heat　surf乞ce　material

ef五ciently　is　external　heating，　due　to　nebular　activity

or　impact　heating．　Lifbtime　of　the　solar　nebular　is

several　million　years．　There丘）re，　nebula　activity　is　an

unllkely　heat　source　at　4．527　Ma．　However，　if　the

re－melting　age　is～456　Ga，　which　is　within　our

uncertainty，　there　is　a　possibility　of　the　nebular

activity．　More　precise　age　determination　is　required

負）rfUrther　discussion．
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Powell　B．　N（1969）GCA，33，789－810．［3］Sugiura

（2012）’Antarctic　Meteorites，　XXXV，51．［4］Ireland

T．R．　and　Wlotzka　F．（1992）EPSL，109，1－10．［5］

｝｛aba　et　aL（2013）地球化学会年会，　ppl．［6］
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Figure　1．　BSE　lmage　ofzlrcon　ln　A－882023．
‘

Results＆1）iscussion：
　　　　Obtained　238U－206Pb　age　and　207Pb－206Pb　age　are

4375＋／－300Ma（MSWD＝0．75）and　4530＋／－81
Ma（MSWD＝0．11）respectively．　Since　two　ages　are

consistent　within　errors，　the　U－Pb　system　may　be

concordant．　Total　U－Pb　age　without　common　Pb

correction　shows　4527＋38／－39　Ma（MSWD＝0．46，

F輌g．2）．Relatively　large　errors　are　due　to　low　U

contents．

　　　　　Haba　et　al．［5］pointed　out　there　are　two

diffbrent　origins　of　the　zircons；older　crystallizat輌on

in　　silicates　　and　　secondary　　products　　of　　the

議＿鰯．

　　派erc⑤t品t
i4527　・仁38／－37　目擁a

　　Msw［）＝o，46
　　　　　　　　　　　　．該、1

Figure　2．　U－Pb　inverse　isochron（Terra－Wasserburg　diagraln）
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HME（y）Silicates　in　Primi伽e　C血ondrites：Records　of　Nebular　and　Parent　Body
Processes．　M．　Komatsul　T．　J．　　　　　　　　　　　　　　　　　　　　　　　　　　　F・g・n2　and　T　Mik・u・hi3，1W・・ed・1・・ti加t・品・Ad・・nced　S血dy

Waseda　University（komatsu＠aoni．wasedajp），2Department　of　Earth　Sciences，　Waseda

University，　Department　of　Earth　and　Planetary　Science，3Graduate　School　of　Science，

University　ofTokyo．

Introduction：

　　　　Low－iron，　Mn－enriched（LIME，　Mn／FeO≧1）

silicates　are　important　components　in　the　primitive

solar　system　materials．　They　are　interpreted　as

indicators　of　nebular　condensation　conditions［1－4］．

They　have　been　identified　in　IDPs［1］，　chondmles

and　matrices　of　primitive　chondrites［2，3］，　and　in

Wild　2　cometary　grains［4］．

　　　　LIME　olivine　has　also　been　observed　in　some

amoeboid　olivine　aggregates（AOAs）in　primitive

chondrites　［5，6］．　Mineralogy　and　chemical
compositions　of　AOAs　are　similar　to　those　predicted

by　equilibrium　the㎜odynamic　condensation　models

［e．g．，7］，　suggesting　that　AOAs飴㎜ed　primarily　by

gas－solid　condensation　［8］．　Some　AOAs　have
olivines　that　are　Mn－rich，　although　they　do　not　have

MnO／FeO　ratio　as　high　as　LIME　olivines　as
originally　defined．　In　this　study，　we　refbr　to　all　of

these　Mn－rich　olivines　as’LIMEy’．　We　recognize

that　the　final　MnO／FeO　ratios　of　these　olivines　result

丘om　enrichments　and　depletions　in　Fe　and　Mn　in　the

solar　nebula　and　in　parent　body　settings．

　　　　In　this　study，　we　examine　the　distribution　of

LIMEy　silicates　in　AOAs　and　chondrules　in　the

primitive　meteorite　Y二81020，　and　compare　to　those　in

variably　metamorphosed　type　3　carbonaceous
chondrites．　Our　goal　is　to　assess　the　roles　of　nebular

and　asteroidal　the㎝al　processing　on允㎜ation　and

alteration　of　LIMEy　silicates．

Results：

　　　　AOAs　are　irregularly　shaped，　fine－grained

o句ects　that　constitute　a　fbw　volume－percent　of

meteorites　in　most　carbonaceous　chondrite　groups．

　　　　Y二81020（CO3．0）is　one　of　the　most　primitive

carbonaceous　chondrites．　AOAs　ffom　Y二81020　show

little　evidence　fbr　secondary　alteration．　Most　AOAs

in　Y」81020　are　composed　of　nodules　having　anorthite

土spinel　cores，　Al－diopside－r輌ch　mantles　and　closely

or　loosely　packed　fbrsterite　rims．

　　　　LIMEy　olivines　are　co㎜only　obsewed　in

AOAs　in　Y」81020．　However，　the　Mn－contents　and

distributions　of　LIMEy　ollvine　grains　vary　ffom

AOA　to　AOA．　Fig．　l　shows　the　Mn－KαX－ray

elemental　maps　of　three　Y」81020　AOAs　with
variable　degrees　and　pattems　of　Mn－enric㎞ent．

Strong　Mn－enrichment　occurs　from　cores　to　rims　of

individual　nodules　in　AOA＃18．　In　contrast，　no

enrichment　of　Mn　is　observed　in　AOA＃60．

AOA＃61　is　inte㎜ediate　between　AOA＃18　and＃60

and　shows　increasing　Mn－enrichment　toward　the

AOA　rim．　All　AOAs　in’ピ81020　show　little　or　no

secondary　Fe－enrichment．

　　　　Some　Y」81020　AOAs　contain　low－Ca　pyroxene

in　addition　to　oIivine．　In　these　cases，㎞一contents

in　pyroxene　and　olivine　appear　to　mimic　each　other

（i．e．，　lf　olivine　is　LIMEy，　coexisting　pyroxene　also　is

LIMEy）．

　　　　In　addition　to　AOAs，　local　Mn　enrichments　are

also　observed　in　chondrules　and　CAIs．　Here　we

describe　two　Mn－rich　o句ects　in　Y二81020．

」レf｝2－rτC12　C120η6W1θ

　　　　CHD＃62　is～30μm　sized　spherical　Mn－nch

chondrule（Fig．　l　a）．　This　chondrule　looks　brighter　in

BSE　image（Fig．2a）than　other　chondrules　because

of　its　higher　FeO　content．　CHD＃62　is　composed　of

low．Ca　pyroxene　which　contains　up　to　2．5　wt．％of

MnO．　MnO　content　is　relatively　homogene皿s，　but　it

is　slightly　higher　in　the　core　than　the　rim　of　the

chondrule（line　analysis　data；Fig．2b）and　shows　a

negative　correlation　between　MnO　and　FeO（Fig．2c）．

Because　Y」81020　experienced　only　minor　parent

body　alteration，　the　higher　FeO　contetlt　of　CHD＃62

may　reflect　a　nebular　origin．

励一r’c乃c4∫

　　　　CAI＃64　is　100×70μm　in　s輌ze　with　concentric

texture．　It　has　a　core　composed　of　fine－grained

Na－rich　grains（probably　nepheline）；they　are　rimmed

by　high－Ca　pyroxene．　The　high－Ca　pyroxene　has

high　up　to　3．6　wt％MnO，　which　is　even　higher　than

AOA　olivine　and　low－Ca　pyroxene．

1）iscussion：

　　　　Based　on　the　condensation　calculations［9，10］，

Mn－rich　siiicates飴㎜s　in　the　vapor　of　a　solar

composition．　As　temperature　decreases，　Mn　in

olivine　increases　more　rapidly　than　Fe，　which　is

condensing　into　Fe－rich　metal　at　these　low　f（02）

conditions．　The　model　increases　in　Mn／Fe　with

decreasing　temperature，　combined　with　our　observed

increases　in　Mn／Fe　fヒom　core　to　rim　suggest　that

some　AOAs　fb㎜ed　by　core－to－rim　condensation　as

temperature　decreased［6］．

　　　　Ebel　et　al［9］assumed　that　Mn　partiti皿s

equally　between　olivine，　low－Ca　pyroxene　and

high－Ca－pyroxene　in　their　condensation　model．　Our

observations　of　similaritles　in　Mn．enrichments　of

co－existing　olivine　and　pyroxene　in　Y」81020　AOAs

supPort　this　assumption．

　　　　Rubin［3］described　some　Mn．rich　olivine　and

pyroxene　in　a　chondnlle　in　Allende．　They　are　present

only　in　the　thick　rim　around　the　chondrule　and

contain～4　wt．％of　MnO，　but　also　contain　FeO　up　to

～
9wt．％．　Allende　experienced　a　higher　degree　of

alteration　than　Y」81020，　and　FeO　content　in　silicates

is　higher　than　less　altered　CV　chondrites．　It　is

possible　that　the　Mh－rich　chondrule　rim　of【3］has　a
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mixed　origin，　with　Mn－enrichment廿om　a　nebular

process　and　high　FeO　due　to　parent　body　alteration．

　　　　Our　recent　study［11］shows　that　Mn－rich

olivine　is　commonly　observed　in　AOAs　from　weakly

metamorphosed　Kaba　and　Y」86009（CVs），　as　weU　as

in　CR　AOAs［5］and　Wlld　2　grains［4］．　On　the　other

hand，　AOAs　in　metamorphosed　type　3　carbonaceous

chondrites　lack　LIME　silicates．　With　increasing

petrologic　sub－types，　FeO　increases　and　MnO

decreases　in　AOA　olivine［11］．

　　　　LIMEy　olivine　is　common　in　AOAs倉om　the

primitive　chondrites　of　this　study　We　suggest　that

LIME　silicates　were　originally品㎜ed　as　primary

phases　in　AOAs，　and　also　were　rarely　present　as

chondrule　or　CAIs　in　wide　range　of　carbonaceous

chondrites，　and　then　were　lost　during　a　parent　body

alteration．　If　so，　MnO　vs．　FeO　concentrations　in　AOA

olivines　can　　be　　sensitive　　indicators　of　both

condensation　and　alteration　conditions．
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Flg．1．X－ray　elemental　maps　of　porous　and　compact

AOAs　in　Y二81020．　There　is　a　clear　enrichment　in　Mn

content　of　olivines　in　porous　AOA＃18，　whereas　the

two　compact　AOAs　show　minor（＃61）and　no（＃60）

Mn　enrichment．　Note　the　increase　in　Mn　enrichment

丘om　core　to　rim　ofAOA＃61．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ　

Fig．2．　BSE　image　of　chondrule＃62（a）．　LrNE

analysis　shows　Fe　enrichment　in　the　rim　of　the

chondrule（b），　and　negative　correlation　between　FeO

and　MnO　contents（c）．

Fig．3．　X－ray　elemental　maps　of　CAI＃64（a：Mg；Ca；

Al，　b：Mn，　c：Na）．and　BSE　image（d）ofCAI＃64．
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Pulse4aser　irradiation　experiments　of　Murchison　CM2　chondrite　fbr　reproduction　of
space　weathering　of　C－type　asteroids．　M．　Matsuokal，　T．　Nakamural，　Y．　Kimura1，T．　Hiroi2，　T．　Misul，
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2］．　　　H－10n　　［3］　and　　laser　［4，　5］　irradiatlon

experiments　　successf㎞ily　　reproduced　　space

weather輌ng　　by　　solar－wind　　irradiat三〇n　　and

micrometeorite　bombardment，　respectively，　on　the

surfaces　of　S－type　asteroids，

asteroids，　however，　little　has

space　weathering　effects．

Introduction：

　　　　　　　　It　has　been　known　that　space　weathering

of　S－type　asteroids　results　in　reddening　ofreflectance

spectra　due　to　production　of　nano　Fe　and　FeS

particles　in　the　outermost　layers　of　silicate　crystals［1，
　　　　　　　十　・　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・

　　　　　　　　　　　　　　　　　　　　　　　　　In　the　case　of　C－type

　　　　　　　　　　　　　　　　　　　　　　　　　been㎞own　on　the

　　　　　　　　　　　　　　　　　　　　　　　　　　According　to　the

observation　of　family　type　asteroids，　the　re且ectance

spectra　of　aging　C－type　asteroids　surfaces　become

bluer　and　exhibit　a　negative－slope　continuum倉om

shorter　wavelength　to　longer［6］．

Experimemtal　procedures：

　　　　　　In　this　study，　we　perR）mled　reproduction

experiments　of　space　weather輌ng　on　C－type　asteroids

by　laser　heating　on　a　primitive　meteorite．　Pulse

豆aser（5－15mJ）with　a　diameter　of　O．5　mm　exposed　to

apellet　of　powdered　Murchison　CM2　meteorite．

The　reflectance　spectra　in　a　range　of　wavelength

廿om　O．25　to　14μm　were　measured　befbre　and　after

laser　irradiation　in　order　to　see　heating　effects　on　the

spectra．　As　fbr　the　precise　measurement　of　2．7一μm

band　caused　by　structured　water　in　phyllosilicates，

absorption　water　on　the　surface　of　the　samples　was

removed　by　heating　the　samples　at～100　degrees

Celsius　in　a　nitrogen　atmosphere．　Asmall　amount

of　particles　was　recovered　f士om　the　pellet　surface

irradiated　at　l　5　mJ　and　ultra－microtomed　and

observed　by　transmission　electron　Inicroscope
（TEM）．

Results：

Rθ　θcταηcε5　ecτrαこ

　　　　　　The　results　．　of　renectance　spectroscopy

showed　that　the　laser　heating　made　Murchison
spectra　darker　and　bluer　with　increasing　i皿tensity　of

laser　beam，　f十〇m　5　mJ　to　l　5　mJ（Fig．1）．　The

change　of　the　spectra　was　significant　in　the　range

倉om　O．3　to　l．8μm　wavelength．　These　results　were

consistent　with　the　tendency　of　the　space－weathered

spectra　of　Ctype　asteroids［6］．　The　O．7一μm　and

2．7一μmband　depths　decrease　as　the　laser　intensity

increases．　Furthermore，　in　the　short－wavelength

range　（e．g．，　near　O．25　μm）　reflectance　increases　in

proportion　to　the　laser　intensity　（Fig．1）　and　thus

became　brighter．

7五Moゐ3εWO’joη．・

　　　　　　TEM　observation　indicated　two　apparent

changes　in　the　laser－heated　areas　on　the　pellet　of

Murchison．　First，　many　nano－particles（10－15　ml

in　diameter）of　fbrroan　sulfide　were　newly　fbrmed　by

melting　of　FeS－rich　material　tochllinite．　The

particles　were　identified　as　Fe3S4　and　were
distributed　around　small　bubbles、　Second，　in　the

Fe3S4　nano－particles－r輌ch　regions，　Fe一㎡ch　seq）ent孟ne

became　amorphous，　which　was　con丘㎜ed　by
high－resolution　　observation　　and　　selected－area

electron　dif仕action．

1）iscussion：

　　　　　　The　amorphization　of　Fe－rich　serpentine　is

Inainly　responsible　fbr　the“bluing”of　the　Murchison

spectra，　because　of　the　breakdown　of　seΨentine

lowers　the　slope　of　visible　and　near　in廿ared　spectra，

especially　short－wavelength　range［7］．　On　the　other

hand，　darkening　of　the　Murchison　spectra　seems　to

have　resulted　f㌃om　　production　of　Fe3S4
nano－particles．　Tiny　sulfide　particles　coated　the

surfaces　　of

reflectivity　greatly．

spectra　ffom　O．25　to

structural　　changes

analogous　to　proton

serpentlnes，　　　　were　able　to　reduce

In　addition，　brightening　of

O，4μmmay　indicate　some
of　carbonaceous　material，

implantation　expenment　on

carbonaceous　material［8］

Rellerences：

　　　　　　［1］Noguchi　T．　et　al．（2011）5cfθηcθ，333，

1121－1125．　［2］Keller　L．　P．　and　McKay　D．　S．

（1993）＆フ∫θηc6，263，1305－1307．　［3］Hapke　B．

（1965）　4ηη．凡】r　メ4cα6£　8c∫．，　123，　711－721．　　［4］

Yamada　M．　et　al．（1999）Eα渤，　P1αηθぴαη45bαcθ，

51，1255－1265．

410」555－557．

173，　132－152．

並τeoγ」τθ」Re5．，

　［5］Sasakl　S．　et　a1．（2001）A物ω’島

［6］Nesvomy　D．　et　al．（2005）．たαwぷ，

［7］Hiroi　T．　et　al．（1999）．4ηカαα．

12，108－ll6．［8］MorozLetal．
（2004）、陀αγμ∫，170，214－228．
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01ivine　in　EH　Chon由4tes　as　an　indicator　of　metamorphism　in　the　enstatite　chondrite
parent　body．　S．　J．　McKibbinl，　H．　Terryn2，　L．　Hecht3，　P　CIaeys1．　l　Earth　System　Science，　V句e

Universiteit　Brussel，　Belgium．2Research　Group　Electrochemical　and　Sur癒ce　Engineering

（SURF），　V両e　Universiteit　Brussel，　Belgium．3Museum　fUr　Naturkunde，　Berlin，　Germany

Introduction：　Hlgh－Fe　enstatlte　chondmes　（EH

chondrltes）are　samples　of　planeteslmals　accreted　ln

areglon　of　the　solar　nebula　wlth　very　low　oxygen

血gaclty田．　A　consequence　of　thls　reductloms　that

Fe　exlsts　as　metal　rather　than　as　FeO　m　slllcates，　wlth

pyroxene　rather　than　ollvlne　bemg　the　most　common

mmeral（stablllzed　by　low（FeO＋MgO）／SlO2）［1，2］

Like　ordmary　chondrltes，　EH　chondrltes　are　dlvlded

accordlng　to　textural　and　limlted　geochemical　crlteria，

with　petrolo91c　type　3　bemg皿equllibrated　nebul田1

rocks　and　types　4－6　havmg　been

metamorphosed．　Suggested
geochernlcal　crlterla　fbr　class1垣ng

mclude　the　presence　of

assemblages　e　g　ollvine　and　slllca，

mmeralogical

dlsequ垣brium

lncreaslngly

　　　　　　and

thls　process

　　　　mmeral

whlch　react

accordmg　to　Mg2S104＋SIO2今Mg2　Sl206［3］，　and

mlneral　geochemlstry　partlcularly　Cr　ln　ollvlne［4］．

We　are　attemptlng　to　consolldate　these　class16catlon

schemes　wlth　an　lnvestlgatlon　of　mmeral　modal

abundances　and　geochemlstry

Methods：We　are　obtalnlng　elemental　maps　wlth　a

JEOL　6400　SEM（20　k～膓～6　nA，　EDS）uslng　the

spectral　lmaglng血nctlon　ln　the　The㎜o　Sclent1五c

NSS　3　sof圭ware．　Ollvlne　and　pyroxene　analyses　are

underway　with　a　JEOL　JXA－8500F　Hyperprobe（15

kV　60　nA，　WDS）．　So血，　we　have　mvestlgated　three

EH3　　chondrltes　　（Y」691，　　Sahara　　97079，　　and

ALHA－77295）and　one　EH5　chondrlte（A－881475）．

Results　and　outlook：The　m司or　mineralogy　of　EH3

chondrltes　comprlses　pyroxene，　ollvlne，　slllca，

plagloclase／glass，　Fe－Nl　metal　and　sulfides　lncludlng

oldham玉te（CaS），　nmmgerlte（MgS）and　trolllte（FeS）

（Flg．1）．　The　hlgher　grade　EH51acks　ollvlne　and　the

F」92〃ε　1　E／．〃2θητα1　〃2¢ρ　（ゾEH3　乏売功orα　97079．

8ηg砺施e＝011wηe，ρα1θb1με＝〃力oxεηε，6ηgん

γe110W＝SZIZCO，4焼γθ〃OW＝吻9ZOC10ぷθ：9陀e〃＝

施一～Vぢααη9ε＝1セS，陀4＝CαS：P卿1ε＝ルせS．

rare　sulfides　oldhamlte　and　ninlngerlte（Flg　2），　s111ca

abundance　is　high　renecting　Productlon　by　zη　ぷ〃z4

reductlon　of　FeO［5］which　was　not　accounted　fbr輌n

the　ohvlne　and　s輌11ca　reaction　model　glven　by［3］．

Fzgzz陀　2．　Mルfθ1θ〃2θητα1　〃2⑳　qr」E冊．4－881475

CO10μr　SC乃θ〃26α5／bγFzg耽1．

Our　EH3　011vlne　composltlons　are　m　general
agreement　wlth　previous　work（Flg．3）and　lie　on　the

metamorphlc　trend　de6ned　by［4］but　are　dlsplaced

to　lower　Cr　contents　and　Cr　standard　devlatlons

Displacement　of　polnts　along　thls　line　could　arise

廿om　blas　related　to　our　crlteria　fbr　findlng　o玉ivlne

whlch　was　based　on　Mg　counts　rather　than　Sl，　slnce

Mg－rich　ollvlne　Is　also　Cr－poor．　Alt㎝atel予

accidental　fluorescence　of　pyroxene　durlng　analysls

of　ollvlne　could　have　blased［4］towards　hlgher　Cr

and　Cr　standard　deviatlon．
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References：［1］Welsberg　M　K．　and　Klmura　M
（2012）Ch㎝1e　der　Erde　72，101－ll5．［2］Blnns，　R．　A．

（1967）Amerlcan　Mmeraloglst　52，1549－1554．［3］

Hlcks　T．　L．　et　al．（2000）LPSC　31，1491．［4］

Bendersky　C．　et　al　（2007）LPSC　38，2077　［5］

Welsberg　et　al．（1994）Meteorltlcs　29，362・・373
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Cathodoluminescence　examination　of　the　ens伍tite　chondrite　of　Yamato　86004

M．Mishima＊，　K．　Ninagawa，　Y　Tswhiya，　N．　Kusano，　E．　Ybshlda，　S．　Obgo　and　H．　Nishido

Okayama　University　of　Science（s10PO73mm＠std．ous．acjp）

　　Cathodoluminesence（CL）is　the　emission　of　light

廿om　the　materials　excited　with　an　electron　beam，

and　its　appearance　could　be　attr輌buted　to　impurity，

especlally　trans輌tion　metal　and　rare　earth　elements，

and　to　s血ctural　defbcts　in　the　lattice．　The

applicatlons　of　the　CL　fbr　geological　materials　have

been　developed　to　clarifシ　ca豆cite　cementation，

secondary　growth　of　quartz　and　radiation　damage　of

rock－fbrming　minerals．

　　According　to　ZhangθταL（1996），　the　enstatites　in

metamorphosed　EL　chondrites　displays　a　distinctive

magenta　CL　w輌th　the　emission　bands　in　blue　and

red　regions，　whereas　the　enstatites　in　metamomhosed

EH　chondrites　shows　a　blue　CL．　We　have　been

examining　CL　fもatures　ofthe　constituting　minerals　in

the　enstatite　chondrite　of　Yamato　86004（EH　melt

rock）2　by　means　of　the　Luminoscope（ELM－3：

American　Tξchnologies）負）r　color　CL　imaging　and　a

SEM－CL　fbr　CL　spectroscopy．　SEM－CL　analysis　was

conducted　using　a　SEM　（JEOL：JSM－5410）
combined　with　a　grating　monochromator（Oxfbrd：

Mono　CL2）to　measure　CL　spectra　ranging廿om　300

to　800　nm　in　l　nm　steps　at　room　tempera加re．

Figure　L　CL　color　image　ofYamato　86004．

　　　Fig．1shows　a　CL　color　image　of　Yamato　86004

collected　f壬om　whole　area　with　the　Luminoscope．

Three　CL　phases　were　recognized　f｝om　the　center　to

the　outer　rim　as　fbllows；blue，　red　and　black，　of

which　non－luminescent　area　corresponds　to　a　fUsion

crust．　This　fact　suggests　that　the　heating　during

atmospheric　entry　might　cause　such　CL　zonation　in

the　spherical　meteorite．　Fig．2shows　CL　spectra　of

specified　grains　a，　b　and　c　indicated　in　fig．　1，

obtained　with　a　scan　mode．　The　grains　of　b　and　c

areas　give　dif民rent　CL　spectral　peaks　in　red　em輌ssion

region　at　630　nm　and　660　nm，　respect輌vely．　The

飴㎜er　can　be　assigned　to　an　impurity　center　of

divalent　Mn　lon　in　fbrsterite，　and　the　latter　to　same

Center　in　enStatite3．
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CL　spectra　of　a，　b　and　c　indicated　in　figure

Figure　3．　CL　image　of　the　square　area　of　A　ln　flgure

LWidth　is　250μm

Figure　4．　BSE　image　including　the　area　in　figure　3．

The　c輌rcle　shows　the　same　area　of　the　circle　in　figure
3
．
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Figurer　l～．　CL　spectra　of　d　an（I　e　indicated　in　fi｛多ure　3．

　　F輌9．3　exhibits　a　h輌gh－ma蜘輌藪cat廷）n　C】二image　of

也¢s鋼are匿e3◎f　A輌n　F輌9．輻Seveτal　gぴns　have

d◎main　tex加re　of　CL　emissi◎n　with　pink　core　in

biue　matrix。　Fig．4　represents　a　BSE　image
corresponding　to　almost　same　area　of　F巴．3．　It

demonstrat㈱no　compositional　heterogeneity　in　these

grains　based　on　the　BSE　in肋㎜ation．　Fig．5provides

CL　sρectra　of也e　gram◎fd鋤d　e　areas　ob伍lned　w髭h

ascan　mode．　They　show麺aarαspecξral
pattems，　ofwhich　intensities　are　slightly　dif丘r¢nt．

　　Furthe㎜ore，　we　fOund　a　tiny　grain　exhibiting　a

chaτaeteristic　yellow　CL　emission　in　th¢blue　CL　aτea

in　Fl9．　L　均．6sho屑exp狙ded　a
high－nlagnif輌ca匂◎n　CL▲nlage《）f　the　s〈luare　a∫ea　of】3

in　Fig．1．］頂e　che面cal砲alysis　us輌ng　EDS　reveals

that　the　grain　with　yellow　CL　has　mainly　Zr　and　Si，

suggesting　zircon．　Fig．7　gives　CL　spectra　of　the

grain　of　f　in　Fig　6　and　terrestrial　zircon　　in

gr孤odlorite廿om　Okayama，　Japan，　obtained　with　a

s㈱nm。de．　They　have　s輌milar　CL　e面ssめn　bands　at

48（）nm　and　58◎mn，　wh輌ch　are　ass輌gned　to　鋤

lmpurlty　cemer　of　trivalent　Dy　commonly］丘）und　in

】plutonic　zircOI1．

Re五びences：匡茎］Y．　ZhangεオαZ．　翌≦）96、　M¢teor輌匂cs＆

Plane纏ry　Se輌ence　31，　87－96．　｛2］　Y．　L輌n　and　WI．

Kimura　I　9～｝8．　Meteoritics＆Pianetary　Science　33，

501－511．　［3］　K．Ninagawa　θτα乙　2⑰00．2ダh

Symposium　on　Antarctic　Meteorites倒IPR，　Tokyo）

114－116．

Figure　6．　CL　color　image　of　the　square　area　of　B　in

figure　1．Width　is　20畑．
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VOLATILE－BEARING　ASTEROmS　AND　PLANETS　FORMED　BY　IMPACT　QUENCHED　PROCESS．
三当㌫鵠蕊；趨蹴㍑nive「sit男Yama即chちYama即chi　753孤74・J・pa恥2EUAA’・1・C

　　　1ntroduction：Asteroids　and　some　planetary　bodies

reveal　anomalous　characteristics　of　low　or　high　density

［1］．In　order　to　propose　possible　surfhce　model，　dynamic

process　of　volatiles（H20　and　CO2）are　discussed　as　the

main　purpose　ofthe　present　study．

　　　Low　or　high　density　of　the　Moon　or　asteroids：

Figure　l　shows　various　sizes　and　densities　as　fbllows：

1）Asteroids（Vesta　and　Massalla）show　lower　density

　　　（similar　with　the　Moon）with　the　smallest　sizes　than

　　　Earth－type　planets（Mercury，　Venus，　Earth　and

　　　Mars），　the　Moon　and　a　dwarf　planet　Pluto［1－5］．

2）　The　above　data　indicate　that　asteroids　are　consid－

　　　ered　to　be　mixed　with　volatiles－bearing　solids　trig－

　　　gered　by　impact　growth　during　numerous　continuous

　　　collisions＿

べねぶぷぷノノ
Fig．1．Diameter　and　density　of　eight　bodies（Mercury，　Venus，

Earth，　Mars，　the　Moon，　Pluto，　Vesta　and　Massalla）［1，2］．

　　Phase　diagmm　of　water　and／or　carbon　dioxides：

Water（H20）or　carbon　dioxides　CO2　diagram　is　ex－

pressed　by　phase　changes　of　three　phase－states　VLS（va－

por，　liquid　and　solid）similar　at　the　triple　and　critical

points，　which　are　used　fbr　dynamic　changes　of　phase－

states　during　impacts　and　quenching　to　lower　tempera－

tures　as　fbllows（Fig．2）［3－5］：

）1

）2

）3

intemal　fl

ous　models

most　suitable　model　fbr　internal　fl

rized　as　fbllows（shown　in　Fig．2）［2，4－7］：

Sohdified　ice（H200r　CO2）is　normally　fbmled　by

quenched　after　impacts　to　lower　temperature［4，5］．

Fluids　in　primordial　planets　and　asteroids　are　con－

sidered　to　be　fbrmed　at　higher　temperature　and　pres－

sure　mainly　by　dynamic　process　of　various　impacts．

Intemal　fluids　might　be　melted廿om　solidified　vapor

or　liquid　phase（mainly　by　intemal　conditions）．

Impact伽mation　of　interna川uids：Fo㎜ation　of
　　　　　uids　is　one　of　the　unsolved　problems　by　previ－

　　　　　　　（without　any　ocean－plate　movements）．　The

　　　　　　　　　　　　　　　　　　　　　　　　uids　system　is　summa一

1）Interior　nuids　are　considered　to　be　fb㎜｛認mainly　by

　　　continuous　impacts　through　voids－rich　surfaces（with

　　　icy　bodies　and／or　some　asteroids）and　quenched

　　　widely　to　solidified　surface．

2）Interior　upli良of　fluids　H20　and／or　CO2　molecules

　　　might　be　triggered　by　increased　temperature　and

　　　pressure　a丑er　any　impacts　or　the　fbllowed　inte亘or

　　　heating　Process　［4，5］to　fbrnl　gas　or　fluids　on　the

　　　shallow　surface　of　the　interior　of　primordial　bodies．

▲
．
I
I
I
　
Φ
」
コ
⑰
仇
Φ
」
亀

　　　　　50’ば
100kPa＿＿

0°C

Phase　Dlagram　of　Volatlles｛H20｝

　　　　　　　　　　　　GianUmpact
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Fig2．　Phase－state　diagram　of　H20　phases（similar　as　CO2

pbases）ofthree　VLS（vapor，　liquid　and　solid）［4，5］．

　　　Formation　of　organic　molecules　in　space　bodies：

The　organic　molecules　with　hydrogen，　carbon　and　oxy

Gen（CHO）can　be　fb㎜ed　when　shock－wave　reaction
is　so　generated　by　impacts，quakes　or　volcanism［4，5］．

　　Summary：Asteroids　with　high　density　with　small

size　might　be　mixtures　of　volatiles－bearing　solids　and

some　stony　asteroidal　materials　through　conti皿ous　lm

pact　process　on　voids－rich　surface．

　　　Re丘rences：［1］Williams　DR．（2012）：Planetary
Fact　Sheet．h　　：〃nssdc．　sfb．nasa．　ov／laneta　／factsheet／

［2］Heiken　G，　D．　and　French　B．，　L協αγ30μrcθbook

（Cambridge　Univ．　Press）（1991）：27－120．

［3］Miura　Y．　et　al（1997）：Shock　Waves（World　Scien－

tific），20．1473－1478．

［4］Miura　Y．（2011）：Vexag　Intemational　WodGhop

（Venus），＃23，＃24．

［5］Miura　Y．（2013）：Lunar　and　Planetary　Science　Con一

飴rence，44th（Woodlands），＃1654，．＃3098．
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IMPACT－INDUCED　AIR－M肌TING　PROCESSES　ON　AMORPHOUS－RICH　ASTEROIDS　AND　PLANETS．
Yasunori　Miura1’2’3and　G．　Iancu2．　IYamaguchi　University，　Yamaguchi，　Yamaguchi　753－0074，　Japan，2EUA－Al．1．C．

University，3Caltech－」．P．L．　yasmiura50＠gmaiLcom

　　　Introduction：Asteroids　and　primordial　planetary

bodies　are　used　to　be　discussed　in　solid　material　state

generally［1－3］．　The　active　planets　with　geosphere　are

discussed　high－pressure　process　in　the　solid　sphere　of

hard　rock　and　stable　minerals，　though　atmosphere　and

ocean－water　system　are　clearly　distinguished　by　another

material　states　of　vapor　and　liquid　states．　Remained　solid

materials　after　impact　events　are　used　to　be　identified

stable　high－temperature　and　high－pressure　conditions　of

the　solid　material．　However，　it　cannot　be　elucidated　in

detail　to　be　ignored　the　melting　process　and　volatiliza－

tion　of　various　elements（including　volatiles　ofH20　and

CO2）at　high　pressures．　In　this　paper，　we　propose　the

nuid　melting　process　at　impact－induced　process　based　on

new　idea［4－7］．

　　　Problems　of　static　high　pressure　in　natural　event：

Stable　high－pressure　process［1－3」has　been　discussed　in

the　Hugoniot　curve　based　on　volum曵，三Change　at　high
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　pressure　of　solid　material．　This免atUre　has　been　applied

to　simple　elements　such　as　closed　static　system，　such　as

artificial　diamond　ofcarbon　element　etc．　However，　natu－

ral　state　changes（such　as　a　gas　or　liquid）has　occurred　in

the　compositional　variation　fセom　complex　composition

of　natural　in　the（Earth）process，　because　complex　com－

positional　changes　of　solids　without　direct　observation

and　tracking　are　considered　to　be品㎜ed　as　solids　with

high－pressure　with　static　reaction　or　shock　impact　event．

Problem　of　a　static　high－pressure　process　in　natural　fbr－

mation　is　to　ignore　the　state　changes　fbrmed　in　long　geo－

logical　periods　resulted　in　final　products　of　crystalline

solidified　materials．　The　static　fbrmat輌on　model　might　be

serious　problem　when　it　is　applied　to　the　reaction　pro－

cess　of　dynamic　location．　Description　of　the　crystalline

materials　used　by　optical，　electron　and　X－ray　beams　both

in　Earth　and　extraterrestrial　materials，　is　usually　different

interpretation　of　fbrmed　environments（statics　or　dynam－

iCS）

　　　Problems　of　dynamic　high－pressure　process：Pre－

vious　interpretation　of　dynamic　high　pressure　process

with　open　system　has　been　applied　incorrectly　to　the

static　environments　fbrmed　quenched　solids　in　a　closed

system．　However，　in　impact　experiment　on　the　hard　tar－

get　materials　of　rocks　or　metals　with　state－changes　by

vapor　and　fluid句ecta，　the　residual　materials　after　high

pressure　are　solidified　as　post－shock　event．　From　re－

mained　materials　after　impact　process，　crystalline　solidi－

fied　grains　are　mainly　state－changes　during　dynamic

high－pressure　process　which　are　considered　to　be　repre－

sentative．　remnants　of　the　impacted　solids　without　ratio

of　non－crystalline　materials．　Identification　of　crystalline

re㎜ants　in　impact　event　is　dif偽rent　to　generated　envi－

ronments［4－6］．

　　　Experiments　and　results：In　order　to　collect　amor－

phous　materials　after　high－velocity　reaction，　light　ele－

ments　are　selected　f士om　carbon　and　its　mixed　composi－

tion　in　sofharget　materials　of　air－molecules　and　liquid－

molecules，　which　are　obtained　as　fbllows［4・7］：

　　　1）Three　phases　are　obtained　as　amorphous　carbon

with　various　combinations，2）carbonate　CaCO3，　and　3）

carbon　C．

　　　2）At　air　molecules，　about　90％of　amorphous　car－

bon　compositions，　crystalline　composition　of　carbonates

and　carbon（10％）are　fewer　products．

　　　3）At　liquid　molecules，　about　45％of　amorphous

carbon　compositions，　about　5％and　50％of　crystalline

composition　of　carbonates　and　carbon，　respectively，　are

obtained．
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Fig．　L　Diagram　of　products（amorphous　grains　and　two　crystal－

line　grains　of　carbon－bearing　materials）and　content　ratio（％）

at　high－speed　reaction　in　air　and　liquid　conditions［4－7］．

　　Discussion　Of　experimental　resuks：From　the　results　of

the　present　experiments，　high－speed　experiments　in　soft　air－

nuids　environments　are　obtained　remarkable　results　as貴）llows：

　　　1）Amorphous　solidified　materials　are　collected　in　large

qUantities　in　the　present　experiments．

　　2）Impacts　on　sofセtarget　of　voids－rich　and　low－density　are

dif五cult　to　be　obtained　at　closed　impact　chamber．　However，

global　surface　of　extraterrestrial　surfaces　has　many　impacted

grains　on　regolith　soils　with　amorphous　materials－rich　gain

even　in　drilled　samples　as　in　the　ApoIlo　exploration［2，3］．

　　　New　model　of　impacted　extraterrestrial　bodies：The
present　new　model　of　impacted　extraterrestrial　bodies　and　pri－

mordial　Ea就h　is　su㎜arized　as飴110ws：
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　　　りAlarge　amount　of　alnorphous　solidi行cation　can　be　ob－

tained　as　state－changes　arnong　vapor，　liquid　and　solid（VLS）

states．

　　　2）State－changes　can　be　obtained　as　global　system　ofactive

planet　Earth，　and　as　local　system　of　lmpacted　locations　at　all

extrate汀estrial　sur食ces　of　Earth－type　pianets，　the　Moon　and

Astero輌ds．

　　　3）kwas衣）und　to　be　lmportant　in　the　present　expedments

that　the　state　change　at　the　rap輌d　reaction　has　a　large　amoum　of

amorphous　solkli丘cation．　The　planet　Earth　shows　characteristic

of　the　longイange　change　of　composition　during　evolved　pro－

cess　a且er　impacts，　however，　the　airless　Moon　cmst　and　pri－

mordial　planets　reveal　local　state－changes　because　there輌s　no

cont輌nuous　change　at　global　evolution．

　　　4）Figure　2　shows迦pacted　and　impact－related　extrateπes－

trial　bodies　and　active　planet　Earth，　where　main　crystallme

minerals　fb㎝ed　at　active　Earth　are　completely　dlf允rent　wkh

present　extraterrestrlal　bodies（with皿t　global　ocean－water

system　to　be　generated　the　whole　VLS　state　changes）．

　　　5）Present　model　called　as　impact－induced　air－melting　pro－

cesses　are　con負㎜ed　by　the允ldspar　minerals（composition，

and　lamellar　tex加res）and　volatlle－bearlng　composit｛on　on

lmpacted　grains　ofthe　Moon　and　active　Earth【4－7］．

　　　6）Present　resu弛s　can　be　apPl輌ed　fbr　sources　of　Asteroids

and　planets　fbr也e　Antarct養c　m成eorites　and　othe’meteorites

R）und　on　active　Earth．
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impact－induced　processes．

　　4）Well－crystallized　products（crystalline　minerals）on　ac－

tive　planet　Earth　are　not　standard　R）r　fbrmed　condition　of　min－

erals　and　fbrmatlon　model　of　e甜ate汀estrial　bodies（the　Moon，

Earth－type　planets　and　Asteぎoids）because　of　much　fbrmatlon

of　amo口）hous　grains　as　state－change　d翻ng　air－melting　Pro－

CeSSeS　On　ext’aterreStrial　bOdieS．

　　5）Present　results　can｛）e　apP1輌ed　fbr　sources　of　Asteroids

and　planets　fbr　the　Amarctic　meteorites　and　other　meteor五es

五）und　on　active　Earth．
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Fig・2．　Comparison　of　amorphous　and　crystalline　material

grains　on　extraterrestrial　bodies　and　terrestr輌al　evolved　planet．

which　are　stared　impact－generated　bodies，　and　fbllowed　local

impaCt　ChangeS，　Or　glObal　State－Change　SySten1S　Of　a硫ive　planet

Eart｝114－7］．

　　Summary：The　present　results　are　sunlmarized　as　Ibllows：

　　1）　Signi丘cance　of　arnorphous　materials　is　obtained　at　fbr－

mation　of　extraterrestrlal　bodies　and　prinlord輌al　planet　Earth．

　　2）Alarge　amount　of　amorphous　products　with　carbon－

bea亘ng　composlt輌on　a計e　artificially　obtamed　at　lmpact　expeぎi－

ments　of　solidi6ed　grains　on　air－1輌quid　condi目ons　in　the　pぎesent

experlments．

　　3）The　present　results　are　confimed　on　the　sample　data　of

extrateπestrial　bodies　and　collected　grains　mainly品㎜ed　by
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High－pressure　poIymo叩hs　of　silica　in　NWA　4734．　M．　Miyah征a1’2，　S．　Kanekol，E．　Ohtani1，

T．Sakai　l’3，　T．　Nagase1，　M．　Kayama2，　H．　Nishido4　and　N．　Hirao5　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　2Hiroshima　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　lTohoku　Univ，

Univ，3Ehime　Univ，40kayama　Univ　of　Sci．，5JASRI．

1．　Introduction

　　　Thick　brecciated　rock　layer　（regolith）　and

numerous　craters　on　the　moon　indicate　that　the　moon

has　gone　through　intense　meteoroid　bombardment．

Some　meteorites　originate　廿om　the　moon．
Considering　thick　regolith　and　many　craters，　it　is

likely　that　some　meteorites　have　records　of　such

dynamic　events　occurred　on　the　moon．　The　existence

of　a　high－pressure　polymorph　is　suggestive　of

high－pressure　and　high－temperature　conditions；i．e．，

heavily　shocked　meteorites　include　h輌gh－pressure

polymorphs．　However，　several　previous　studies

proposed　that　high－pressure　polymorphs　are　hardly

contained　in　lunar　surface　materials（lunar　meteorite

and　Apollo　samples）because　most　high－pressure

polymorphs　melted　and　disappeared　through
high－temperature　condition　induced　by　a　dynamic

event　under　rarefied　atmosphere　on　the　moon［1－2］．

Nonetheless，　Ohtani　et　al（2011）［3］investigated

lunar　meteorite，　Asuka　881757，うand　identified

high－pressure　polymorphs　of　silica，　coesite　and

stishovite．　Recent　studies　also　identify　high－pressure

polymorphs　ofolivine，　wadsleyite　and　ringwoodite　in

lunar　meteorites［4－5］．　In　this　study　we　investigated

alunar　meteorite，　NWA　4734　to　clari封a（1ynamic

event　occurred　on　the　moon，　and　especially　fbcused

Our　intereStS　On　SiliCa．

2．Materiahnd　experimental　methods
　　　We・prepared　lunar　meteorite，　NWA　4734　thin

section　fbr　this　study．　NWA　47340riginates丘oln

lunar　basak，　and　col氏ains　many　shock－mek　veins　and

阻elt－pockets，　implying　that　NWA　4734　was　heavily

shocked．　We　ident近ed　minerals　using　a　Raman

spectroscopy　subsequent　to　a　filed－emission　gun

scanning　electron　microscope　（FEG－SEM）
observation．　The　compositions　of　minerals　were

dete㎜ined　with　an　elec仕on　micro－probe　analyzer

（EMPA）．　We　also　used　fbcused　lon　beam（FIB）

system，　synchrotron　X－ray　diffraction（XRD）and

tra㎡’mission　electron　microscope（TEM）to　identify

high－pressure　polymorphs．

3．　Results　and　discussion

　　　Most　silica　grams　in　NWA　4734　axe　ctistobalite

based　　on　　Raman　　spectroscopy　　analysis．

Back－scattered　electron（BSE）images　show　that

many　cristobalite　grains　show　mosaic－like　textures．

On　the　other　hand，　cristobalite　grains　a（O　acent　to

shock－melt　veins　or　melt－pockets　show　tweed－1ike

textures．　We　excavated　such　smca　glains　having

tweed－like　textures　using　a　FIB　system，　and　became

block　pieces．　We　put　the　block　pieces　on　a　single

crystal　diamond　and　scanned　them　with　a
synchrotron　X－ray　at　SPring－8　BL－iO．　We　identified

ahigh－pressure　polymorph　of　silica，　alpha－PbO2　type

silica（seifξrtite）based　on　the　X－ray　dif㌦ction

（XRD）pattems．　Seifbrtlte　was　identified　only　fセom

shocked　Martian　meteorites　so血r［6］、　BSE　images

show　that　some　cristobalite　grains　in　the　host－rock　of

NWA　4734　have　lamellae－like　textures．　Raman

spectroscopy　analysis　and　XRD　pattems　reveal　that

such　silica　grains　include　stishovite　along　with

cristobalite．　Nano－sized　coesite　grain　assemblages

were　also　fbund　in　silica　grains　entrained　in　the

shock－melt　veins．

　　　Phase　equilibrium　diagram　deduced丘om　static

high－temperature　and　high－pressure　synthetic
experiments　indicate　that　the　stable　pressure　filed　of

seifertite　is～100　GPa　or　more［e．g．，　Ref　7］．　On　the

other　hand，　recent　several　studies　propose　that　the

stable　pressure　filed　of　seifertite　depends　on　starting

materiaHbr　a　synthetic　experiment　and　impurity（e．g．，

Al）［8－9］．　The　original　silica　in　NWA　4734　is

cristobalite　and　contains　small　amounts　of　Al（＜0．99

wt％as　Al203）．　Considering　its　original　material　and

impurity，　shock－pressure　condition　recorded　in　NWA

4734would　be～40　GPa　or　more．
　　　40Ar－39Ar　radio－isotopic　age　of　NWA　4734　is

～
2．7Ga［10］，　which　is　the　one　of　the　youngest　ages

among　lunar　meteorites．40Ar－39Ar　radio－isotopic　age

is　very　sensitive　to　thermal　metamorph三sm
High（－pressure　polymorphs　easily　vitrify　by　heating

under　ambient　pressure　condition．　NWA　4734　has　not

su飽red仕om　any　the㎜al　metamo叩hism　a且er　the

dynamic　event　fbrmed　coesite，　stishovite　and

seifbrtite．　The　dynamic　event　fbrmed　coesite，

stishovite　and　seifertite　would　occurred～2．7　Ga　ago．

Our　6nding　allows　us　to　in垣that　i証ense　meteoroid

impact　had　continued　on　the　moon　til1～2．7　Ga　at

least．
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Pyroxene－akimotoite　phase　transfOrmation　in　shocked　chondrite（NWA　5011）

Sz．　Nagyl（sz．’．na maiLcom），1．　Gyollai2，　H．　Nishido3，　A．　Gucsik4

　1θカ’veパ’ζソ（～〆52egα£Dqりαη〃2θητ々〆ルρηθrα109μ、Pθ’π）109γαη4（｝eoc乃ε〃2」5’り膓1口670182egε4、P　O．βox　651，ゐ吻η9αηz
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　　　Introducdon：　　Shock－events　　by　　asteroidal

collisions　may　cause　the　e飴ct　of　high－pressure

metamorphism　on　the　mineral　assemblages固．　The

low－Ca　pyroxene　can　transfbrm　to　its　high－pressure

phases　including　the　fbllowings　of　jadeite，
rnalorite－pyropess，　　　　　m司orite，　　　　　akimotoite，

Mg－perovskite　and　pyroxene　glass　depending　on　the

shock－metamorphic　conditions」n　this　study　we　have

examined　a　new　microstructure　fb㎜ofakimoto輌te　in

NWA　5011　meteorite　to　clarify　pyroxene－akimotoite

phase　trans盆）rmat三〇n　during　shock－metamorphism

　　　Resuk冊d　Dis斑ssion：The　NWA　501茎contains

numerous　akimotoite－bearing　assemblages　various量n

size．　These　assemb▲ages　were　well　observed　as　their

dark－elongated　p雄ems　in　the　OM　images．　Probablヱ

these　patterns　coπespond　to　the　cracks　enriched　in

iron，　and　might　be　b㎜ed　by　the　trans品㎜ation

during　shoch　me伍mo印hism．　The　trans品㎜ation　of

the　pyroxene　and　akimotoite　promotes　the　volume

reduction　of～16％．　VVb　have　fbund　glassy　material

around　the　iron－enr輌ched　cracks　and　occasionally

inside　of　the　akimotoite　aggregates．　The　detail

observation　distingu輌shes　two　types　of　microstructure

in　the　akimotoite．　One　is　so－called　intracrystal貰ne

lamellar　and　the　other　is　the　polycrysta1員ne　granular．

In　BSE－image，　we　have　recognized　cell－like　stnlc加re

in　NWA　5011as　reponed　by　Hu　et　al．田．　According

to　Hu　et　al．田，　cell　structure　may　have　fbrmed　in　the

earlier　stage　of　the　phase　creation　of　perovskite，　but

of　which　stnlctural　ev三dences　have　not　been　fbund．　In

spite　of　Hu　et　aL［1］we　suggest　that　these　cells　are

iron　enriched　cracks　after　akimotoite　fbrmation．　This

section　　is　represents　the　direction　　of　oxygen

hcp－layer　of　ak輌motoite　structure　on　the　grounds　of

volume　decrease　by　transfbrmation　process．　The

akimotoite　was　identl6ed　by　micro－Raman
spectroscopy．　It　coexists　with　the　pyroxene　as　the

type　of　intracrystalllne　lamellar．　The　chemical

analysis　reveals　that　akimotoite　grains　occurred　as

the　type　of　polycrystalline　granular　contain▲ess　iron

than　the　cracks　due　to　the　volume　decrease．

F頭he㎜ore，　in　the　element　mapPing　Process
calc垣m　mostly　associates；suggesting　the　presence

of　oldhamite（CaS）．　A　very　high　melting　point

（2450°C）of　oldhamite　in免rs　its品㎜ation　as　an

early　nebular　condensate．　In　the　shocked　chondrites

the　oldhamite　phase　has　been　produced　by　shock

vein飴㎜ation．　The　present　of　the　oldhamite　is　an

evidence　fbr　the　very　high－temperature　condition

during　the　shock－vein品㎜ation　rather　that　supposed

in　earlier　work　I2］．　A　mixed－type　pyroxene　chondrule

（～1　mm　in　diameter）　contains　a　number　of

subchondrules　observed　in　the　sample．　One　of　the

subchondrules　exhibits　a　dense　cleavage　network，

where　the　angle　between　two　directions　of　the
cleavages　is　nearly　peq）end量cular　（87°）　（Fig．　1）．

Therefbre，　the　zone　axis　of　the　cleavages　is｛110｝．

The　BSE－images　reveal　that　the　plain　area　of　the

cleveages　is　riched輌i　Fe　showed　by　microgranular

texture．　However，　this　texture　is　characterized　by

slightly　overhang　from　the　or輌ginal　boundary　of　the

cleavages　to　the　host　grain．　The　thic㎞ess　of
‘‘

overhanged”transition　area　is　up　to　O。5μm　with也e

direction　parallel　to　the　cleavages．　Between　the　space

of　the　separable　cleavages　we　observed　incoherent

akimotoite　trans品㎜ation．　Raman　spectral　analysis

along也e　cleavage　co頭㎜s　the　pyroxene－akimotoite

phase　transition．　The　Fe－el1亘chment　along　the

cleavages　hapPene（l　due　to　the　melting　Process，　and

the　subsequently　di飾sion　events．　Fmhe㎜ore，　the

Raman　spectra　provide　main　vibrations　of
ringwood輌te　and　stishovite　besides　the　vibration

peaks　of　akimotoite．　This　suggests　a　subsequent

evidence　fbr　the　high　P－T　regime　in　shock　melt　veins，

but　within　a　small　speci6c　area．

Sateli㍍◆TeS鯛n　　D知…：01’181f3　　　20　um

Fig．　1．　Along　也e　cleavage　plains　the
pyroxene－akimotolte　trans品㎜ed　area　is　less　than

允wmicrons．

Refbrences：　［1］Hue　et　al．（2012）　43「d　LPSC，

abstract＃2728［2］Miyahara　et　al．（2010）EPSL，295，

32L327
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Micm－Raman　characterization　of　cation　disorde血g　in　ringwoodite

Sz．　Nagyl（szj．nagy＠gmall．com），　E．　P合1－Molnarl’5，　H．　Nishido2，　K．　Fintorl，1．　Gyollai3，　Sz．　B6rczi41L励vθぴめノ（ゾSz¢gθ4

D¢ρ〆刑θη’q〆ル伽θrα10g賜P¢れ）10gソoη4　Geoc乃θ1η」ぷ吻丑6701泣¢gθ4　PO．80x　651，励ηgαりλ20えのノαmαこ功ゴv¢珊」リノ（～∫

5ヒ」θηcθ，　1）印αr’〃2θη∫　（～／1β’oΨハ2¢陀一（ヌεoΨ12θ陀　5ヒ」θηcθ，　1－1　1～匡吻↓－C乃o，　Okyα〃τα，　700－0005，」0ραη．　3〔ノηjveぴ」ζ｝ノ（ゾ防θηηα，

Dβραγ伽eητ（ゾLj功05ρ乃erτc　Rθぷ¢ακ乃，．4〃乃αηぷτM∬e　14，1051一防θηηα，．4μ∫〃∫α．4Eδτvδぷσηjvθ附め膓加ぷτゴ’砿θ0〆1）吻5jc∫，

Dβραr伽θητ0∫ル勿∫θγ’α1P吻ぷ元c5，　CMSRG　H二〃178μ∂砲e5ちP6z〃％垣γP5カ℃θτ1〃｛，　H棚9αワ5㎜一五Z7五膓力1cαη0109γ

1～¢∫eoκ乃G〃）％り，　H」1〃7BμぬPθぷ’，　P6z〃磁ηγP＆陀θτ1尼、励η9αりノ

Introduction：　Ringwoodite　is　a　high－pressure

polymorph　of　olivine　occasionally　fbund　fテom

shocked　L－type　meteorites．　In　such　a　case　of　NWA

5011，the　phase　transfb㎝ation　is　o負en　uncomplete

in　shock　melt　veins．　A　short－period　pulse　of　shock

pressure　makes　an　insuf6cient　phase　trans品㎜ation

of　oliv輌ne　due　to　not　enough　time　fbr　the　complete

cation　ordering，　suggesting　new　or　metastabie　phases

廿equently　with　stnlctural　defects．　Previously　we
fbund　out　a　new　Raman　spectral　peak　at　880　cm’1　in

NWA　5011　ringwoodite［1］，　which　was　also
observed　in　the　Taiban　chondrite［2］．　In　this　study　we

have　characterized　this　spectral　data　to　clarify　the

cation　ordering　in　NWA　5011ringwoodite．

Result　and　1）iscussion：R輌ngwoodite　aggregates

with～150μm　size　were　selected　fbr　micro－Raman

measurements．　All　spectra　were　collected　using　a

Themo　DXR　Micro－R．aman　microscope　under　same
conditi皿s　with　the　laser　at　532　nm　during　600　sec　on

alμm　spot．　The　measured　area（Fig」）in　the　same

ringwoodite　aggregate　shows　the　domain－like　texture

with　colorless　and　blue　in　OM－image．　In　this　area　we

have　collected　three　spectra　f㌃o・m　the　colorless　areas，

and　three　ones　from　the　blue・・colored　areas．　From　the

colorless　areas，　the　spectral　peaks　were　detected　at

712，798，845，and　g　l　8　cm－1．　The　peaks　at　712　and

918cm」are　probably　assigned　to　wadsleyite，　but　the

others　at　798　and　845　cm－1　belong　to　ringwoodite．

From　the　blue－colored　areas，　the　peaks　at　798　and

880cm“l　were　observed．　The　chemical　investigation

reveals　neither　difference　in　chemical　composition，

nor　chemical　heterogeneity　between　them　The　most

characteristic　d輌f丘rence　輌s　the　intensities　of　the

spectral　peaks　collected　f㌃om　the　dif允rent－colored

areas．　Fig．2shows　the　spectra　no㎜alized　by
refbrring　the　intens輌ties　of　colorless　and　blue－colored

areas．　It　indicates　a　characteristic　peak　at　880　cm－I　in

the　spectrum丘om　the　blue－colored　areas，　which　has

not　been　assigned　to　any　olivine－related　structures．

The　appearance　of　880　cm－l　peak　may　be　explained

by　the　reason　ofpartial　occupancy　in　tetrahedral　sites

of　r量ngwoodite　with　Fe2＋（or　oxidized　to　Fe3＋）as　an

acceptable　theory　however　which　conflicts　with　the

absence　of　845　cm’I　peak　as　the　main　characteristics

of　SiO4　antisymmetric　stretchlng　vibration　in
r輌ngwoodite　and　the　very　weak　one　at　798　cm’Ipeak．

This　uncertainty　could　be　d輌ssolve　i£the　structure　is

beginn三ng　to　ordering　into　inverse　spinel，　and　at　the

moment　s伍ge　is　represent　a　disordered　unrelaxed

ringwood輌te　structure．　This　possibility　should　be

investigated　in　details．　The　spectrum　of　blue－colored

area　impl輌es　the　presence　of　inverse　spinel　structure

in　it，　or　the　presence　ofan　intermediate　phase　may　be

apossibility　at　extreme　conditions［3］．　We　assume

that　the　observed　880　cm－I　peak　in　the　Raman

spectrum　fbrm　the　blue－colored　areas　can　show　the

degree　of　the　cation　disordering　in　ringwoodite，

resulting　in　the　variaous　cooling　history　even　within

the　same　aggregate．

Fig．1．　S元x〃2θα5〃陀4ρo功ぴ↓踊9ηα7々γw∂c〃）5りτη
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Refbrences：

［1］Nagy　Sz．　et　al．，（2010）LPSC　41，Abs＃1228．［2］

Acosta　T．　E．　et　a至．，（2012）LPSC　43，　Abs＃2725．［3］

Kiefer　B、　et　al．，（1999）メm．ルρη．，84，288－293．
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The　morphology，　distribution　and　modal　abundance　of　gmpbite　in　monomic白reilites　in

relation　to蔓ng＃of　olivine　core．

YNakamutal，　l　Kyushu　Universlty　Muswm，　Kyushu　University，6－10－1　Hakozaki，　Fukuoka，

812－8581，Japan．（nakamuta＠museum．kyushu－u．ac．jp）

Introduction：

　　　　UreiIites　are　ultrama行c　achondrites　composed

mostly　of　olivine　and　pyroxene　with　lesser　amounts
of　elemental　carbon，　sulfide　and　metall’2．　Their　high

carbon　content　distinguished　ureilites　廿om　　other

achondrites．　The　carbon　occurs　mostly　as　graphite，

but　shock－produced　diamond　and　lonsdaleite　have
partly　rep▲aced　graphite　in　many　ureilites3’4．　Their

olivine　cOmpOSitiOns　ShOw　large　range　Of　mg＃（mOlar

Mg／［Mg＋Fe】）values（～76－92）at　essentia▲ly

constant　Mn／Mg，　which　indicates　that　they　are

related　to　one　another　principally　by　various　degrees

of　oxidation　or　reduction　rather　than　various　degrees

of　melting5．　This　redox　relationship　can　be　explained

by　smelting6，　simply　expressed　as

　　　　　（Mg，　Fe）2SiO4＋C＝MgSiO3＋Fe＋CO．

In　this　reaction，　gas　ofIarge　molar　volume　apPears

only　on　the　right－hand　side，　the　reaction　is　expected

to　be　strongly　pressure　sensitive．　Smelting　is

suppressed　at　elevated　pressure　and　promoted　as

pressure　f51L　Then，　mg＃ofolivine　is　controlled　by

the　depth　at　which　it　has　been　crystallized5．　One

observation　which　supPorts　the　smelting－modehs　a

correlation　between　mg＃and　modal　abundance　of
pyroxene　in　low－Ca　pyroxene　ureilites5．　Many

authors　have　sought　a　relation　between　carbon

content　and　geochemical　parameters　and　have　fbund
no　correlatiorL2．

　　　　In　this　study，　the　modes　ofoccurrence　ofcarbon

minerals　in　ureilites　were　observed　by　an　optical

microscope　with　a　renected　light　and　SEM．　The

momhology，　distribution　and　modal　abundance　of

graphite　befbre　shock　which　have　converted　a　part　of

graphite　crystals　into　diamond　were　analyzed．

Y－8448
mg＃＝77B

ピ
嚇

翫葦

Resu脆s：

　　　　Carbon　minerals　in　polished　thin　sections（PTS）

of　thirteen　Antarctic　ureilites，　Y」791839，　Y」74130，

ALH　78019，　Y」8448，　Asuka　881931，　Y」74123，

Y－792663，Y」790981，Y」82100，　Y三74154，　ALH　77257，

Y」74659and　Y」791538　were　investigated．　Micro－

photographs　of　the　whole　sections　of　representative

ureilites　with　various　mg＃s　were　shown　in　Fig．　l　and

the　relationship　between　mg＃of　olivine　core　and

modal　abundance　of　carbon　was　shown　in　Fig．2．　As

shown　in　Fig．玉，euhedral　blade－like　shaped　graphite

crystal　occurs　preferentially　i川ow－mg＃ureilites　and

amoeboid－shaped　interstitial　graphite　occurs　mainly

in　ureilites　showing　mg＃s　higher　than　80．　The　modal

abundance　ofgraphite　shows　the　negative　coπelation

with　mg＃of　olivine　c◎re，　supPorting　smelting－model

ofthe　ureilite　asteroid．

　　　　　　　　　　　　　　　　　　　　　らヨ　シげ　　　　　うぽゆ

Fig．1．Micro－photographs　ofrepresentative　ureilites

showing　morphologies　and　distributions　ofgraphite

（black　in　color）．
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Fig．2．　Relationship　between　mg＃of　olivine　core　and

modal　abundance　of　carbon　in　monomict　ureilites、

Number　of　each　plot　shows　Iast　three　letters　of　the

name　OfeaCh　meteOrite．

Re任r凹ces：

　　　　［1］Goodrich，　C．　A．（1992）屹τεo〃τjc5，27，

327－352．［2］Mittle允hldt，　D．　W．　et　al．（1998）In

P1αMαワル劔εr元α～ぷ（ed．　J．J．　Papike），　Mineralogical

Society　of　America，1～evル伽ぴα1．，36，195pp．［3］

Nakamuta，　Y　and　Aoki，　Y（2000）Wτeoγ〃．　P1αηeτ．

Scj．，32，487－493．［4］Nakamuta，　Y　and　Toh，　S．

（20B）．4功ε万ハ漉ηeM1。，98，574－581．［5］Goodrich，　C

A．et　al．（2004）Chemie　der　Erde，6，283－327．［6］

Singletary，　S、」．　and　Grove，　T．　L（2003）漉τθo功．

P1αηθτ．　Sci．，38，95－108．
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T血ermoluminescence　Study　of　Japanese　Antarctic　Meteorites　XV
Fukuda1，　N．　Imae2，　and　H．　K（りima2，　l　Okayama　University　of　Science，

Polar　Research．

K．Ninagawa1，　S．

2National　Institute　of

　　　　Induced　TL（the㎜oluminescence），　the　response

of　a　lumi皿escent　phosphor　to　a　laboratory　dose　of

radiation，　reflects　the　mineralogy　and　stnlcture　ofthe

phosphor，　and　provides　valuable　infb㎜ation　on　the

metamomhic　and　the㎜al　history　of　meteorites．

Especially　the　sensitivity　ofthe　induced　TL　is　used　to

dete㎝ine　petrologic　subtype　ofunequilibrated

ordinary　chondrites［1］．　Na血πal　TL，　the

luminescence　ofasample　that　has　received　no

irradiation　in　the　laboratory，　renec臼the　the㎝al

history　of　the　meteorite　in　space　and　on　Earth．

Natural　TL　data　thus　provide　insights　into　such　topics

as　the　orbits　of　meteoroids，　the　effects　of　shock

heating，　and　the　terrestrial　history　of　meteorites［2］．

Usually　natural　TL　properties　are　applied　to　find

paired　fragments［3－5］．

　　　　We　have　measured　TLs　of　193　Yamato　and　l　36

Asuka　unequilibrated　ordinary　chondrites［6］．This

time　we　measured　induced　and　natural　TL　properties

oftwenty－three　Yamato　unequilibrated　ordinary

chondrites（LL3：1，L3：15，　H3：7）廿om　Japanese

Antarctic　meteorite　collection．　Sampling　Positions　of

these　chondrites　were　measured　by　GPS．

　　　　As　reliable　pairing　approach，　TL　properties

within　large　chondrites　were　analyzed，　taking
advantage　of　the　f5ct　that　serial　samples　f錐om　these

meteo㎡tes　are㎞own　to　be　paired．　Then　a　set　of　TL

pairing　criteda：1）the　natural　TL　peak　height　ratios，

Lr庄IT，　should　be　within　20％；2）that　ratios　of　raw

natural　TL　signal（LT）to　induced　TL　signal（TL

Sensitivity）should　be　within　50％；3）the　TL　peak

temperatures　should　be　within　20℃and　peak　widths

within　10℃was　proposed［3］．

　　　　Above　pairing　criteria　were　applied　to　the　23

samples．　Figure　l　shows　how　to　search　ffagments

satisfying　the　pairing　criteria　1）and　2）．　We　fbund　l　2

TL　potential　paired廿agments．　They　constmcted　one

H3，　and　a　large　chained　L3　group．
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　　　　Most　of　the　chondrites　had　TL　sensitivities　over

O．1（Dh司ala＝1），　corresponding　to　petrologic　subtype

3．5－3．9．TWo　chondrites，　Y980465（H3）and　Y980576

（H3），　were　revealed　to　be　primitive　ordinary

chondrites，　petrologic　　subtype　　3．2　　and　　3．3，

respectively．　They　are　not　conflicted　to　olivine

heterogeneity　as　shown　in　Fig．2．　It　is　palticularly

significant　in　understanding　the　nature　of　primitive

material　in　the　solar　system．
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Fig．2．　Dh司ala－no㎝alized　TL　sensitivi巧vs．　olivine

　　　　　　　　　　　　　　　heterogeneity

Re飴rences：［1］D．　W　G　Sears　et　al．1991．

Proceedings　of　Lunar　and　Planelary　Science
21：493－512．［2］P．H．　Benoit　et　aL　1991．　Icams　94：

311－325．［3］K．Ninagawa　et　al．1998．　Antarctic

Meteorite　Research　l　l：1－17．［4］K．　Ninagawa　et　al．

2002．Ant－arctic　Meteorite　Research　l　5：114－121．
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Fig．1．Ratio　of　LT　to　TL　Sensitivity　vs．　LT佃T　ratio

to　search　f㌃agments　satisfシing　the　pairing　criteria　1）

and　2）．
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Table　The㎜olumlnescence　data　ofunequlllbrated　Japanese　ordlnary　chondrites

Natural　TL Induced　TL

Meteorlte　Class LT／HT 　　　LT

（103c・unts）

LT　Peak　Temp

　　　（℃）

HT　Peak　Temp
　　　　（℃）

TL　Sensltlvlty

（Dh用ala＝1）

Peak　Temp
　　（℃）

　　　　　　　　　　　　　　　　　　LT

Wldth　　　TL　　／TL　Sens
（°C）　　　　Subtype　　　　（xlO3）

Low　Ca－Py

Heterogemty

（CV）†

　　Ol　　　　　　　　　Recom－

Heterogenlty　　　Ol　　　mended

（CV）　　Subty　e　Subt　e

Samplmg　Locatlon

Y980400 L3 639士070 70±07 223±3 359±7 020　±001
o 156土2　145士1　35－36　 36±4

　　　　　　　　　　　　　　　　　　　　　　　や

164士4　　132士0　　38－39　　14±4
o

37％
‘

7％ 39
◆

35］48　E 72070　S
Y980413 LL3 498土003 286±73 221土7 361±10 206　士　007

o

20％
‘

2％
1

34999E
　　　　　　　‘35143E
　　　　　　　l35158E

72083　S
Y980422

，

Y980423
L3 388±040 27±02 219士0 351±0 017　±000 155　　±　　 1　　　　　　138　　士　　 1 35 16　±　1 41％ 19％ 38
L3 726士006 70士05 213土3 365土1 016土000 153　土　3　　　142　土　1 35 42　±　3 48％ 12％ 38

72069　S
　　　　　　　‘
720刀　S

Y980439 L3 693土013 88±Ol 219±5 357±4 025　±　002 167　±　2　　　135　±　1　　　3536　　　　35　士　3 45％ 9％ 39 35110　E 72068　S
Y980440 L3 020土000 OI士00 219±ll 367士7 019　士003 122±6　　180±3　　35－36 0　土　0 38％ 9％ 39 35172　E 72079　S
Y980446 L3 223±009 11±02 232±6 363士1 021士001 139　士24　　143　土2　　　35－36 5　±　1 35％ 10％ 39 35211E 72091S
Y980448 L3 1082　士　015 126土18 205士1 349士0 020　士001 163　±4　　　140　±0　　　35－36　　　　61　±　9 39％ 10％ 39 35350　E 72066　S
Y980452 L3 688±OlO 61±10 213±5 355±2 Ol8　±001 147±2　　150±1 35 35　士　6 28％ 6％ 39 35135　E 72071　S
Y980465 H3 02±00 237±2 002　士000 95±7 79±6 32 9　±　0 72％ 61％ ≦34 32 34987　E 72098　S

1

Y980472 H3 376±1 044　±002 155±0　　122±2　　3637 7％ 4％ 35024　E 72077　S
Y980484 L3 861士031 95士05 213士1 349±1 Ol7±002 144　±　3　　　　144　±　0 35 56　土　6 27％ ll％ 38 35142　E 72071　S

¶

ー
い
べ
ー

Y980505 L3 898士006 305士37 210±1 343±5 038　±　001 154　士4　　　151　±　1 36 81　±　10 55％ ll％ 38 35152　E 72G92　S
Y980576 H3 02士00 218土6 0024　土　0000 82士2 75士1 33 7　土　0 83％ 61％ ≦34 33 34926E 72050　S
Y980588 L3 921　士086 90±01 213±1 343±4 017　±000 ll4士6　　　144士2 35 51　±　2 46％

「

9％
「

39
、 ’

35122　E
　　　　　　　1

35163　E
　　　　　　　＄

35243　E

72079　S
Y980597 L3 732土054 70±14 211±4 357±17 015　±000 129　士　12　　142　士3 35

1

47　±　9
、

38％
，

17％
「

38
Y980768 L3 Ol±00 》

213±0
、 、

011±　000
s

154　±　6　　　149　±　1　　　　　35
　　　　　　　ジ　　　　　　　　　　　　　　　　　　　　ブ

160　±　6　　　134　±　2　　　　　37
　　　　　　　ぐ　　　　　　　　　　　　　　　　　　　　ち

157　±　3　　　132　±　0　　　　37－38

1　±　0 35％ 8％ 39
、 「

72077　S
　　　　　　　r

72084　S
Y980056 H3 102±047 45±13 》

232±2 362±4
㌦

063　±　003
、 、

7　±　2 19％ 15％ 38 35337　E 72153　S
Y980057 H3 106±002 80±07 234±4 364±3 080　±012

、

10　±　2
、

40％ 18％
1

38
、

38
’

35337　E
Y980127 H3 008土001 07±Ol 235士2 369±2 108　士006 152土3　　133土4 38 1　±　0 36％ 23％ 37 35512　E
Y980135

↓

Y980180

H3 048±005 ll士00 266±0 366土7 041　士002 169　士　7　　　149　土　3　　　36－37 3　±　0 41％ 31％ 36 36 35409　E

72｜53　S
　　　　　　　≠72381S
　　　　　　　’

72494　S
L3 208±Ol6 ll3士03 230土1 346±7 054　±004 157　士0　　　147　土　3 37 21　士　1 36％ 18％ 38 35321E 72449　S

Y980331 L3 1021　±062 116士08 206土3 337土2 019　土000 165　士　0　　　144　±　2 35 60　士　4 41％ 22％ 37 35232　E 72093　S
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Introduction：

　　　　Texωral　variations　in　the　shergottite　Zagami

were　initially　interpreted　as　evidence　that　it　fbrmed

in　a　heterogeneous　lava臼ow［1，2］．　Variations　in

initial　87Sr／86Sr　ratios　between　a　Coarse　Grained

（CG）and　a　Fine　Grained（FG）lithology［3，4］and

evidence五）r　more　extensive廿actionation　of　the

Rb／Sr　ratio　in　a　Dark　Mottled　Lithology（DML）［2，

5］are　consistent　with　such　an　interpretation．　More

recently，　Niihara　et　aL［6］and　Misawa　et　al．［7］have

reported　the　minera豆ogy　and　Sr－｛sotopic　systematics

of　an　Olivine　Rich　Lithology　（ORL）　貴）und　in

association　with　the　coarse－grained　DML　hthology　in

the　Kanagawa　Zagami　specimen［6，7］．1｛ere　we　call

this　lithology　DML（Ka）to　maintain　a　distinction

with　DML（USNM）as　studied　by［2］．An　Ar－Ar　study

by　Park　et　aL［8］of　a　late　stage　K－rich　melt　enriched

in　K20　to～7％and　intruded　into　ORL　yie▲ded　an

Ar－Ar　age　of　202士7　Ma．　The　present　work　extends

the　study　ofKanagawa　Zagami　to　Nd－isotopes．

Alkali（¢．g．，　Rb）and　RBE（a夢，　S㎜）abund紐ces：

　　　　　Distinguishing　features　of　the　Kanagawa

Zagami　lithologies　are　their　enrichments　in　trace

elements　compared　to　so－called　No㎜al　Zagami．

Even　the　Dark　Mottled　Lithology（DML（Ka，05））

that　is　host　to　the　vo畑metrically　smaller　ORL（～l

cm3　in，54）appears　to　be　somewhat　enriched　in　Sm

compared　to　the　CG　and　FG　Normal　Zagami
lithologies　and　a　DML　subsample　obtained　from　the

US　National　Museum　specimen　USNM　6545（Fig．1）．

50

40

　1530
5
52・
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Zagami　Lithologies

①

　　　　0

　　　　　0　　　　　　　10　　　　　　　20　　　　　　　30

　　　　　　　　　　　　　　　　　Rb（ppm）

Figure　L　Sm　and　Rb　abundances　in　Zagami
lithologies．　CG　　and　FG　　are　Norma▲　Zagami

lithologies，　DML　was　obtained行om　the　US

National　Museum　USNM　6545，　courtesy　of　T．

McCoy　DML（Ka，05）was　sawdust倉om　cutting　the

DML　end　of　Kanagawa　Zagami　and　contains～5％

admixtuτe　of　ORL．　OR．L（，55）was　sawdust廿om

cutting　ORL，　whereas　ORL（，54）was　a　bulk（WR）

sample　of　subsample，54　used費）r　lsotopic　studies．

ORL　Melt　was　an～9　mg　portlon　of　the　dark，

late－stage，　K－rich　melt　fbund　in　association　with

OR．L．

（Our　DML　sawdust　sample，05　is　estimated　to

contain～5％ORL　admix加re）．　ORL　and“ORL　Melt”

are　enriched　in　Sm　and　other　R．EE　by　about　fburfbld

compared　to　the　Normal　Zagami　lithologies．　The　Rb

enrichments　in　ORL　are　somewhat　smaller．　OR．L

Melt負）und　in　association　with　ORL　occurs　as　dark

cbsters　a　few　mm3　in　volume　associated　with　ORL．

Its～4X　enrichment　compared　to　Normal　Zagami　in

the　　subsample　　used　　負）r　　isotopic　　studies　　is

accompanied　by　an　even　greater　enrichment　in　K　in

this　lithology．　K　was　fbund　to　be　heterogeneously

distributed　in　eight　subsamples　of～42－315　μg

studied　fbr　Ar－Ar　chronology．　The　material　in　those

samples　　had　　crystaHize（l　mostly　　to　　pyroxene

containing　irregular　areas　of　enrichment　ln　K　and／or

phosphate［8］、

Heterogeneity　in　init輌al　87Sr／86Sr：

　　　　Studies　in　l995　and　repeated　in　2006　［3，4］

showed　FG　Normal　Zagami　to　have　a　sign苗cantly
higher　initial　87Sr／86Sr　ratio　than　CG　Normal　Zagami

（Fig．2）．　A　2010　study　of　DML　6rom　USNM　6545
showed　it　to　have　the　same　initial　87Sr／86Sr　ratio　as

CG［5］，　but　the　Rb－Sr　study　of　ORL　by［7］yielded

initial　87Sr／86Sr　lower　than　in　CG　Providing　fUrther

evidence　of　heterogeneity　in　the　initial　Sr－isotopic

composition　among　dif允rent　lithologies．

　　　　　　　　　　　　Basaltic　Shergottite－Zagami
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0．7215

0．7210

　CG　　1995＋2006
　　rr＝767士f2Ma，
∫rsウ＝0．72f700士79，　n＝7η

　　　　　FG

　　1995＋2006
　　rτ＝f79土f8Ma
’rsり＝0．72221±7f，η＝72，

，、。㌶露．六◇

　　κe万∫e～a∫．，20イ2）

DML（USNM）rτ＝767±f8Ma
　　り＝072772∫圭86，n＝イf戊

　　　　　　　　　　　　0，］2　　　　　　　0．「6　　　　　　　0．20　　　　　　　0．24

　　　　　　　　　　　　　　　　Time　before　Present（Ga）

Figure　2、　Init｛al　87Sr／86Sr　vs．　Rb－Sr　isochron　age　fbr　Zagaml

lithologies．

｝leterogeneity　in　initial　143Nd／144Nd：

　　　　Fig．　3　shows　Sm－Nd－isotopic　data　fbr

ORL（Ka，55）and　DML（Ka，05）sawdust，　ORL　Melt，

an（l　subsamples　of　ORL（Ka，54）．　The　data　R）r　the

two　sawdust　samples　are　nearly　identical，　cmsistent

with　di餓≧rentiation　of　ORL　from　its　host　DML（Ka），

although　ORL　is　greatly　enriched　in　trace　elements

（Fig．1）．　As　expected，　WRI，　a　bulk　sample　of

ORL（Ka　，54）also　shares　very　similar　Sm－Nd
isotopic　data．　WR2（1），　a　leachate　of　a　second　whole

rock　（bulk）sample　has　only　a　slightly　lower
▲47 Sm／l44Nd　ratio，　as　expected　if　most　ofthe　REE　are
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0．51160

0，51155

Zagami　Olivine－rich　Lithology（Ka，54）

0，51150

　　　0，22 0．23

ORL・melt　n＝5

T（Rb－Sr）＝169Ma

　ε嗣＝毛．2±0．2

　0．24　　　　　　　0，25

147Sm／144Nd

0．26

　Figure　3．　Sm－Nd　data　Ibr　ORL　and　ORL　Melt．　Red

　circles：Bulk　samples　and　leachates，　except　fbr　WR2（r）．

　Dark　blue　square：ORL　Melt．　Light　blue　squares：

　density　separates．　Light　green　diamond：Bulk　analysis

　of　DML（USNM）［5］．

in　easily　leachable　phosphate　minerals．　However，　the

residue　a廿er　leaching（WR2（r））has　a　lower
147 Sm／144Nd　ratio　than　expected，　suggesting　that

phosphates　were　not　totally　removed　in　the　leaching

process．　ORI・is　observed　petrographically　to　contain

coarse－grained　merrillite，　probably　the　phosphate

mineral　contributing　most　REE　to　the　leachates．

These　data　are　slightly　displaced　beneath　an　165士17

Ma　re飴rence　isochron　calculated廿om　the　combined

data　R）r（FG＋CG）Normal　Zagami（Fig　4）．

　　　　The　data　fbr　ORL　Melt　and　mineral　separates

are　displaced　towards　higher　l43Nd／144Nd　ratios　than

fbr　the　whole　rock　and　leachate　samples．　Mineral

separation　was　by　heavy　liquids．（Plag＋Melt）of
density〈2．85　g／cm3　was　observed　to　contain　a

significant　melt　component．‘‘Px”of　density　2．85－3．7

g／cm3　was　observed　to　contain　pyroxene，　melt，　and

phosphates．　This　sample　was　leached　in　2N　HCL　fbr

10　rnin．　to　generate　a　leachate　“Px（1）”　and　residue
‘‘Px（r）”．‘‘Ol”of　density　3．7　g／cm3　was　observed　to

contain　olivine　and　melt．“Opq”was　observed　to

contain　opaque　minerals　like　spinel．　Of　these

samples，　the　Sm－Nd　data　fbr　the　leachate　Px（1）plots

close　to　the　bulk　sample　WRI　and　the　leachate
WR2（1）．　However，　Px（r）and　Opq　have　l47Sm／144Nd

that　are　very　close　to　that　of　ORL　Melt　and　much

higher　REE　abundances　than　expected．　Most　of　the

℃
Z
寸
寸
↑
主
Z
の
寸
F

Zagami　FG，　CG　and　Olivine－rich　Lithology

0、5118

0．5117

0．5116

0．5115

FG　　T＝165±17Ma
CG　　　　εNd＝－6・2±0・2

　　　0．5114
　　　　　　　0．15　　0，20　　0．25　　0．30　　0．35　　0．40　　0．45　　0，50

　　　　　　　　　　　　　　　　　　147Sm／144Nd

Figure　4．　Sm－Nd　data　fbr　combined　Cq　Fq　ORL，　and

ORL　Melt．

Sm　and　Nd　in　these　samples　came　from　melt
contaminants．　Melt　was　observed　in　thin　section　to

intmde　maskelynite　and　elsewhere　in　ORL．　The

K－rich　melt　was　observed　to　contain　fine－grained

phosphates，　which　would　contribute　REE　to　these

samples．

　　　　As　shown　in　Fig．5，　in　spite　of　the　similarity　in

initial　87Sr／86Sr　between　DML　and　Cq　initial
143Nd／144Nd，　expressed　asεNd，　was　fbund　to　be

slightly　higher　in　DML　than　in　FG　and　CG［5］．　In

this　study　we丘ndεNd　ofboth　DML（Ka）and　ORL　to

be　slightly　lower　than　in　CG　and　Fq　but　perhaps

within　uncertainty　of　the　value　fbr　these　Normal

Zagami　samples．　The　disagreement　between　theεNd

values　of　DML（USNM）and　DML（Ka）is　puzzling，
but　suggests（a）‘‘high”and　variable　l43Nd／144Nd　in

DML，　and（b）some　contribution廿om　DML　to　ORL

Melt．　Sawdust　DML（Ka）has　some　contribution　from

DML，　also．

　　　　Initial　87Sr／86Sr　more　strongly　distinguishes

among　shergottite　lithologies　than　do　theεNd　values，

and　also　distinguishes　DML（Ka）廿om　DML（USNM）．
The　high　initial　87Sr／86Sr　in　FG　normal　Zagami　is

slightly　lower　than　that　measured　fbr　Shergott払
whereas　the　lower　initial　87Sr／86Sr　fbr　ORL　is　slightly

greater　than　that　ofLos　Angeles（Fig．5）．

Conclusions：

　　　　Localized　diffbrentiation　was　important　in

producing　the　variety　of　lithologies　observable　in

Zagami．　Heterogeneity　in　initial　Sr－and　Nd－isotopic

compositions　and　initial　trapped　40Ar／36Ar　ratios

close　to　the　Martian　atmospheric　composition［8］and

possibly　relict　radiogenic　40Ar　suggest　that　complex

models　are　requ｛red　to　understand　the　petrogenesis　of

Zagami　and　other　enriched　shergottites．　Such　models

may　involve　magma　recharge，　magma　mixing，　and

cmstal　assimilation　occurring　in　an　upPer　crustal

magma　chamber
Re允rences：［1］McCoy　T．　J．　et　al．（1992）GCA，56，
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925－926．［3］Nyquist　L。　E．　et　al．（1995）LPS　XXVI，

1065－1066．［4］Nyquist　L．　E．　et　al．（2006）．　Meteorit．　Planet．

Sci．，41，　Al35．［5］Nyquist　L　E．　et　al．（2010）Meteorit．

Planet、　Sci．，45，　A　l　54．［6］Niihara　T　et　al．（2012）75th　Ann．

Met．　Soc．　Mtg．，　Abst＃5075．［7］Misawa　K．　et　al．（2012）
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Impact　and　igneous　processes　on　a　ureilite　parent　body　inf㎏rred　fセom船98389①polymict

urei蹴e．
　　　　　　　　　　　　　　　　　　　　　　　　S．Ozawal’2，　A．　Yamaguchil　and　H．　K（ヵimal

　　　　　　　　　　　　　　　1National　Institute　of　Polar　Research，　Japan，

2Department　of　Earth　Science，　Graduate　School　of　Science，　Tohoku　University，　Japan．

　　　Ureilites　are　the　second　most　common
achondrites．　They　are　largely　divided　into　two　types：

monomict　and　polymict　Monomict　ureilites　are
unbrecciated　ultramafic　rocks　mainly　composed　of

coarse－grained　olivine　and　pyroxene　with　interstitial

carbonaceous　materials．　They　are　thought　to　be

residues　leR　after　partial　melting　of　precursor

materials　at　asteroidal　interiors．　However，　any
basaltic　counterpart　to　the　ultramafic　residues　has　not

been　identified　as　meteorite．　On　the　other　hand，

polymict　ureilites　are　polymict　breccias　which
consist　of　lithic　clasts　and　mineral飴gments　of

various　lithologies　［1］．　Among　these　clasts，

飴ldspathic　clasts　and　chondritic　clasts　are　important

to　understand　igneous　and　impact　processes　on
Ureilite　parent　bodies，　respectively．　Feldspathic　clasts

contain　fbldspar　or　feldspathic　glass　which　is

basically　absent　in　monomict　ureilite●Therefbre，

fbldspathic　clasts　in　polymict　ureilites　can　be

廿agments　of　basaltic　counterparts　to　monomict
ureilites．　Whereas，　chondritic　clasts　are　considered　to

be丘agments　of　impactors　collided　with　the　ureilite

parent　bodies．

　　　　In　this　study，　we　examined　feldspathic　and

chondritic　clasts　in　Yamato（Y）983890　polymict

ureilites．　Through　care血11　petrographic　observations

on　these　clasts，　we　try　to　understand　impact　and

igneous　processes　on　a　ureilite　parent　body．

　　　　We　identified　fbur　distinct　populations　of

飼d§pathic　clasts　in　Y」983890：（a）Albitic　clasts，（b）

Labradoritic　clasts，（c）Anorthitic　clasts　and（d）

Glassy　clasts．

　　　　Albitic　clasts　are　characterized　by　albitic

plagioclase　（Ab76－glOrl－5）　in　association　with

pigeonite（En70－85Wb7－10，　mg＃＝77－92）and／or　olivine

（Fo74．76）and／or　augite（En41－56Wo37－38，　mg＃＝65－90）．

Many　f㌃actures　are　observed　inside　the　plagioclase，

which　are　filled　with　weathering　products（Fe－0－H）．

The　plδgioclase，　olivine　and　pyroxenes　are　similar　in

grain　size（～100μm　in　diameter）．　One　albitic　clast

shows　a　distinct　texture，　consisting　of　large　albitic

plagioclase　　（Ab84．8gOr2－4）　　and　　fine－grained

intergrowth　of　albitic　plagioclase　laths（Ab88－glOr4．7），

augite　（En31－38Wb　I　2．2】，　mg＃＝35－48）　and　K－rich

mesostas1S．

　　　　Labradoritic　　clasts　　are　　charactehzed　　by

labradoritic　plagioclase（Ab40－450ro），　orthopyroxene

（En78Wo5，　mg＃＝82）and　augite（En51－65Wo30－41，

mg＃＝84－92）．　The　pyroxenes　are　subhedral．　Fractures

mled　with　Si－rich　mesostasis　are　also　observed．

　　　　　Anorthitic　clasts　are　mainly　composed　of　large

（50－500μm）idiomorphic　anorthite（Ango－g20ro）with

thin　augite（En45－56Wo4043，　mg＃＝78－93）lamellae

inside　the　anorthites．

　　　　Glassy　clasts　are　composed　of　albitic　glass

（Ab74．850r540）　　with　　idiomorphic　　pyroxene

phenocrysts．　The　pyroxene　phenocrysts　are　highly

magnesian　in　composition　and　zoned倉om　enstatite

core　（Eng2－ggWo　l，　mg＃＝93－100）　to　augite
（En56－62Wo37－46，　mg＃＝96－99）rim．

　　　　Anorthite　contents　in　plagioclase　and　Fe／M［9

ratios　in　coexisting　Pyroxene　of　these　feldspathic

clastsare　plotted　along　the　f壬actional　crystallization

trends　by　Cohen　et　aL（2004）［4］except　fbr‘‘Glassy

clasts”．　It　suggests　that　feldspathic　clasts　in　Y－983890

can　be飴㎜ed　by廿actional　crystallization　of　panial

melts　derived　f±om　the　precursor　materials　proposed

in［4］．　The　residues　of　the　partial　melting　also

correspond　to　monomic　ureilites．　Therefbre，
feldspathic　clasts　in　Y二983890　can　be　basaltic

counterparts　to　monomict　ureilites．

　　　　Chondritic　clasts　include　two　types．　One　is　dark

clasts　consisting　of五ne－grained　phyllosilicate－rich

matrices　with　variable　amounts　of　opaque　minerals

such　as　magnetite，　pyrrhotite　and　pentlandite．　The

dark　clasts　mineralogically　resemble　the　matrices　of

CI　carbonaceous　chondrites．　Another　is　a　chondrule

丘agment　with　a　barred　olivine　chondrule　texture．　It　is

composed　of　olivine（Fo81）with　a　mesostasis　of

albitic　composition　（Ab86．880r6－7）．　The　chemical

composition　of　the　olivine　suggests　that　this　is　a

倉agment　of　H　chondrite．　The　CI－　and　H－

chondrite－like　materials　are　considered　to　be

廿agments　of　impactors　collided　with　the　parent　body

ofY」983890．
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Ordinary　Chondrite　classification　by　Raman　Spectmscopy．　L．　Plttarellol’2’3，　V．　Debaille2，

W．DeVos3，　and　Ph．αaeys日Earth　System　Sclence，　Vr亘e　Universiteit　Brussel，　Brussels，

Belgium；2Universit6　Libre　de　Bruxelles，　Brussels，　Belgium；3Royal　Belgian　Institute　of

Natural　Sciences，　Brussels，　Belgium．

Introdluction：

　　　　Antarctic　expeditions　retum　more　and　more

meteorites　ll］，　which　have　to　be　classified．

Statistically　most　ofthem　are　ordinary　chondrites［2］．

The　classification　of　ord輌nary　chondrites　is　based　on

at　least　two　analytical　steps：chemical　composition

and　petrography［3］．　The　composition　of　ol輌vine　and

▲ow－Ca　pyroxeneラespecially　molar　contents　of
fayalite　（Fa）　and　fbrrosilite　（Fs），　is　sufncient　to

assign　them　to　H，　L，　or　LL　grouping．　Analysis　of

these　minerals　is　commonly　per拓㎜ed　with
expensive　and　time－consuming　techniques，　such　as

electron　microprobe　（EMPA）　or　quantitative
energy－dispersive　x－ray　spectroscopy　（EDX）　by

scannlng　electron　microscopy（SEM），　in　comparison

with　standards　and　mineral拓㎜ula　recalculatlon．

These　analytlcaパechniques　require　specific　sample

preparation，　which　includes　fine　po▲ishing　of　the

surface　　and　　carbon　　coating，　and　　exceptional

operation　condition，　such　as　high　vacuum．
Petrographic　observations　are　made　in　both　renected

and　transmitted　light　on　polished　thin　sections．

　　　　In　this　work，　we　propose　to　use　Raman

spectroscopy｛br　the　compositional　characterization

ofordinary　chondrites　instead　ofelectron　microscopy．

Raman　spectroscopy　has　been　alr田dy　used　fbr

meteorite　characterization，　b咀mostly　fbr　possible加

ぷ輌τμanalyses　of　lunar　and　martian　rocks　e．g．，［4］and

［5］．Here，　we　present　a　calibration　curve　fbr　olivine

composition　evaluation　by　Raman　spectroscopy　fbr　a

Type　3　meteorite．　The　me也od　has　been　tested　on　a

允wmeteorites　already　classified　with　the　usual

procedure，　and　gives　consistent　results　負）r　olivine

composltlon．

Sample　descriptioMnd　methods：

　　　　AType　30rdinary　chondrite也at　provides　a

wide　range　of　possible　olivine　composition　in

meteorites　has　been　chosen　fbr　the　calibration，

01ivine　in　l　6　chondrules　was　analyzed　with　at　least　3

and　5　point－analyses　per　chondrule　fbr　Raman　and

EDX　respective▲y（Fig．1）．

　　　　For　Raman　spectroscopy　two　instruments　have

been　used、　The　first　is　a　confbcal　Raman　microscope

LabRAM　HR．　Evolution　（HORIBA　Scie飢ific），

equipped　with　a　multichannel　air－cooled　CCD

detector　（spectral　resolution　＜1cm－1，　lateral

resolution　O．5μm，　axial　resolution　2μm），　with　a

solid－state　　laser　corresponding　　to　　green　　Ught

（532nm），　at　the　Vr蓼e　Universite｛t　Brussel（VUB）．

The　second　is　a　SENTERRA　Dispersive　Raman

Microscope　（BRUKBR），　equipped　wi由　a
thermoelectr輌cal蔓y　　cooled　　CCD　　　（ANDOR
DU420－OE）with　a　spectral　resolution　of～9　cm－l　in

the　100・・4000cm“l　range（50x1000μm　sllt）and　a

continuous　automatic　calibration（0．　l　cm」accuracy）

wi也asolid－state　laser　coπespondmg　to　green　light

（532nm）at　2mW允r　excitation　at　the　Royal　Belgian

Institute　of　Natural　Sc輌ences（RBINS）．　The　Raman

spectra　have　been　processed　in　Microso且Excel，

mtered　R）r　automatic　peak　detection［6］and　fbr

average　and　standard（leviation　calculation。
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　〃／σ
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　　　　The　composition　of　olivine　in　the　selected

chondmles　was　detemlined　with　a　FEI－lnspect－S

SEM　at也e　RBINS，　equipped　with　back－scattered

electron　and　EDX　detectors．　The　quantitative

analyses　were　calibrated　by　comparison　with　olivine

standards倉om　the　series　MrNM　25－530f　the
Astimex　Scientiflc　Limited．

Calibration　curve負｝r　ol’vine：

　　　　The　typical　R．aman　spectrum　of　olivine（Fig．2）

prese琉s　two　m司or　peaks　with　Raman　shift　of～818
and～846　cm’l　in　green　light　fbr　standard　fayalite［7］．

Between　the　olivine　end－members　fayalite　and
｛brsterite，　the　Raman　shift　of　these　two　peaks　seems

to　have　a　linear　correlation　with　the　Fa　content［5］．

We　fbcused　o田hese　peaks　and　evaluated也e　average

Raman　shift　in　each　chondrule．　The　standard

deviation　of　Raman　shi負in　a　chondrule（at　least　3

measurements）is　less　than　O．06％．　Figure　3　shows

the　correlation　between　the　average　Fa　content　and

the　respective　RLaman　shiR　of　the　selected　peal（s　輌n

the　investigated　chon（lrules．　The　standard　deviation

品rolivine　composition　as　dete㎜ined　by　quan垣ative

EDX　analysis　on　5　grains　per　chondrule　co汀esponds

to　less　than　2％．　The　range　of　Fa　content　is　limited　to

O－50　in　the　investigated　Type　3　chondrite　（Fig．3）．

Neveけheless，　this　portion　of　our　correlation　curve　is

consistent　with　data　in　literature（e．g．，　Fig．8a　in［5］）．
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and［9］．　In　fact，　the　Raman　spectroscopy　has　been

extensively　used　to　constrain　shock　metamorphism　in

olivine　［10」．　Although　shocked　olivine　in　our

samples　is　generally　loca1｛zed　along　shock　veins，

which　can　be　easily　identified　with　the　optical

microscope，　a　check　of　the　composition　with　electron

microscopy　might　be　necessary　fbr　shocked
meteorltes．
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Reliability　of　the　correlation　curve：

　　　　Apreliminary　check　was　perfbrmed　on　highly

equilibrated　ordinary　chondrites，　with　negligible

variation　of　Fa　content　in　olivine．　We　compared　the

Fa　content　as　dete㎝ined　by　Raman　spectroscopy

with　that　calculated　by　EDX　composition．　Although

only　a　few　samples　have　been　investigated，　the

technique　has　given　results　consistent　with　EMPA．

　　　　AInψr　concem　about　the　reliability　of　the

correlation　curve　is　the　presence　of　shocked　olivine．

Shocked　olivine　exhibits　a　Raman　spectrum　with　a

lower　shift　of　the　two　characteristic　peaks，

progressively　reaching　the　typical　wavelength　shift

C①nclusions：

　　　　The　use　of　Raman　spectroscopy　is　a　promising

alternative　to　electron　microscopy　fbr　the　chemical

classification　of　ordinary　chondrites．　In　particular，　a

correlation　curve　between　the　Raman　shift　of　the　two

main　peaks　ofRaman　spectrum　fbr　olivine　and　the　Fa

content　shows　a　way　fbrward．　This　approach　wiU

also　be　applied　to　low－Ca　pyroxene　to　evaluate　the　Fs

content．　Our　long－te㎜goal　is　to　classi巧an　ordinary

chondrite　by　the　use　of　Raman　and　optical

mlc「oscopy・

　　　　This　technique　does　not　require　carbon　coating

of　the　sample，　which　should　be　cleaned　fbr　the

petrographic　observations，　and　in　addition，　the

petrological　type　can　be　determined

microscope　at　the　same　time　as　the

grouping，　reducing　the　classification　of

chondrite　to　a　single　step　Process．

at　the
chemical

ordinary
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The　lmportance　and　Relevance　of　Meteorite　Collection　and　Cumtion　to　Meteoritic
R・・e・rch－P・・t，　Present　and　Fu知re．　C．　L　Smithl・2・3．　ID・pa仕m・nt・f　E・仕h　S・i・・ce、，　Th，

Natufal　History　Museum，　Cromwell　Road，　London，　SW75BD，　United　Kingdom．2European

Space　Agency　ESTEC，　Keplerlaan　1，2200　AG　Noordw匂k，　The　Netherlands．3UK　Space

Agency　Atlas　Building，　Harwell　Science　and　Innovation　Campus，　Didcot，　Oxfbrdshire，　OX　l　l

OQX，　UK．

Introduction：

　　　　Meteorites　are　some　ofthe　rarest，　most　precious

and　valuable　geological　materials　available　fbr

scientific　study，　thus　the　curation　of　these　important

materials　is　of　critical　importance．　Meteorite　curation

covers　the　care　and　management　of　the　physical

specimen　but　importantly，　also　covers　the　recording

and　archiving　ofmany　types　ofinfbrmation　related　to

individual　specimens，　such　as　recovery　and
collection，　sub－sampling　and　use　of　the　specimens

and　details　ofresults　or　specific　analyses　undertaken．

The　birth　of　meteorite　curation　and　research－the

18th　and　19th　centuries：

　　　　Prior　to　the　late　18th　century　meteorites　were

considered　to　be　little　worthy　of　scientific　study　and

very　few　specimens　have　been　preserved．　Two

notable　exceptions　are　the　Nogata　meteorite，　which

允ll　19th　May　861　and　the　Ensisheim　meteorite，

which　fell　7th　November，1492．　The　recovery　and

preservation　of　these　samples　is　very　unusual　and

solely　down　to　the　circumstances　and　locations　of

their　falls；the　Nogata　meteorite　falling　close　to　a

Shinto　shrine　and　the　Ensisheim　meteorite　fhlling　at　a

time　of　great　political　turmoiいn　that　region　of

Europe［1，2］．　The　modern　science　of　meteoritics　and

meteorite　curation　can　be　considered　as　beginning　in

the　1760s　with　the　witnessed　fall　and　recovery　of　the

Albaretto　and　Luc6　meteorites．　Luc6　is　the　first

meteorite　fbr　which　detailed　eyewitness　accounts　of

the　fall　were　recorded　and，　importantly　the　first

Sample　to　be　chemically　analyzed［3］．　However，　it

was　not　until　the　Iast　two　decades　ofthe　l　8th　century

that　meteorites　became　the　su句ect　of　sustained　and

detailed　scientific　scrutiny　and　even　then　their

extraterrestrial　origin　was　still　doubted　by　many　of

the　scientific　elite　ofthe　time．

New　oPPortunities　Ibr　curation　and　research－the

20th　century：

　　　　The　20th　century　saw　tremendous　technological

advances　in　a　wide　variety　of　analytical　techniques

used　to　study　meteorites，　however　the　number　of

meteorites　available　fbr　study　was　not　increasing　at　a

corresponding　rate．　Prior　to　the　late　l　960s　there　were

approximately　2100㎞own　meteorites　curated　in
museum　and　university　collections　around　the　world

and　of　these，　approximately　40％were　witnessed

品lls．　The　I　960s　saw　the　start　of　dedicated　firebalI

observation　programs．　These　had　the　dual　aims　of

gaining　a　better　understanding　offirebaU　phenomena

and　the　potential允r　recovering　Ineteorites　from

observed　fireballs．　Three　programs　operated　in

Canada，　the　United　States　and　Europe　with　varying

degrees　of　success　and　of　the　three　the　European

network　is　the　only　one　still　operating［4－6］．

　　　　1969was　an　extremely　important　year　fbr

meteoritics．　A　‘‘tantalizmg”　discovery　of　nine

meteoritic　stones　in　the　Yamato　Mountains　region　of

Antarctica　by　the　Japanese　Antarctic　Research

Expedit｛on　heralded　new　strategies　R）r　meteorite

collection　and　curation　［7，8］．　This　fbrtuitous

discovery　led　to　the　realization　that　Antarctica　is　an

extremely允rtile　region品r　meteorite　ColleCtion，

owing　to　the　f5vourable　environmental　conditions　fbr

sample　preservation　and　concentration［9］．　To　date，

just　over　31，000　meteorites　have　been　recovered

丘om　the　Antarctic　continent［10］．　The　same　year，

Apollo　l　l　astronauts　returned　the　6rst　Moon　rocks　to

Earth．　These　priceless　samples　were　sent　to　the　Lunar

Receiving　Laboratory　in　Houston　fbr　initial
characterization　and　curation．　This　laboratory　was

the　first　purpose　built　facility　負）r　the　analysis　and

curation　ofextraterrestrial　samples［ll］．

　　　　In　the　latter　part　of　the　20th　century　it　was

recognized　that　hot　desert　regions　were　also

血vourable　meteorite　hunting　grounds，　with　the　dry

environment　preserv｛ng　meteorites　and　the　sparse

vegetation　aiding　visual　searching［12］．　To　date　more

than　l　O，000　meteorites　have　been　recovered　fテom　hot

deserts　worldwide［10］．

Meteorite　cur頒ion　today
challenges　and　opportunities：
　　　　‘7カe　C24γ0∫0γSZ）」1e〃2〃∂α，：

collection　of　meteorites　and

and　tomorrow

The　ever　increaslng

the　accompanying
scientific　study　of　them　have　posed　some　interestmg

challenges　fbr　the　sc｛entific　curatorial　staff　that　care

R）rand　manage　collections．　There　are，　perhaps，　three

m司or　challenges　presently　f5ced　by　meteorlte
CUratOrS：　1）　Mα∫ητα↓ηカ29　αccθぷ5　τo　功θ　Collecr’oη

W万白τρ佗5εγVτη91η0κγ》α1プ∂7・吻’〃陀9θηθτα”0ηぷ・

Although　modem　analytical　techniques　allow　fbr　the

analyses　ofrelatively　small　samples　and　sub－samples，

the　m勾or　meteorite　colIections　are　recelvlng
increasing　numbers　of　requests品r　material　fセom

researchers、　CarefUl　consideration　of　each　loan

request　is　a　necessity　to　ensure　the　most　apProprlate

samples　are　being　allocated　fbr　each　research　pr（功ect

In　some　circumstances　it　is　not　possible　to　fUlf言ll

requests五）r　samples，　which　can　lead　to　tensions

between　curators　and　researchers．　2）1）κ）τεcτゴηgψθ

C・11e吻η吻御ぬmα9批・η’α励ατゴ・ηW励’
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mα加τατη」ηg　　αccθ∬．　Rapidly　　recovered　　fall

meteorites　and　those　collected　in　Antarctica　are

considered　to　be　the　least　contaminated　of　all

samples　and　so　are　most　apPropriate　fbr　the　m司ority

of　scientific　investigations．　Storage　and　handling　of

samples　will　always　add　a　risk　of　contamination，

however　carefUl　curatorial　practice　can　minimize　this

risk，　through　the　use　of　appropriate　storage　materials

and　environments　and　the　recording　of　curatorial
actions．　　　3）　∠4c（7z〃γ」η9　　ηθw　　理フθcj〃2θηぷ　プ～）γ　　〃2ε

CO〃eσjoηW万癒τCO7ηρe〃ηgか～αCO〃2〃2εκゴα1η2αrえeτ

αη4吻φ〃ゴη91¢9αれτ抗α1卿μ〃℃〃2θ臨Collections

that　curate　non＿Antarctic

On　aCqulrlng　meteOrlteS

exchanging　with　other

purchase／exchange　with
collectors．

scientifically　　relevant

contammatlon，
or　particularly　unusual

meteorltes　are　dependent

through　field　collecting，

inStitU屹iOnS

commercial
or　through

dealers　and

　　　　　　　　　　Meteorite血lls，　which　are　oRen　the　most

　　　　　　　　　　　　　　　　　　　　owing　to　the　lack　of

　　　　　　　　　　　　have　high　monetary　values　as　do　rare

　　　　　　　　　　　　　　　　　　　　　　meteorite　types．　With

limited　resources　it　may　only　be　possible　to　acquire

very　small　amounts　of　particularly　interesting

spec｛mens，　which　is　problematic　as　these　are　the

most　requested　samples．　Some　countries　have　laws

that　prohibit　the　removal　of　meteorites　without　the

required　pe㎜its　so　ensuring　that　specim餌s　have　not

been　illegally　or　ill｛citly　removed　is　also　significant

issue　fbr　consideration．

　　　　sα卿1εM醐5ραc¢〃2f5ぷτoη50η4‘ε〃れoεη4

cμγα加η’ご　Since　the　Apollo　missions，　only　three

space　missions　have　successfぷy　collected
extraterrestrial　samples　and　returned　them　to　Earth－

NASA’s　Genesis　mission（solar　wind　particles）and

Stardust　mission（cometary　and　interstellar　particles）

and　JAXAIs　Hayabusa　mission（asteroidal　materia1）．

Over　the　coming　decades　a　number　of　missions　are

programmed，　or　are　in　the　planning　stages，　to　visit

Solar　System　bodies　and　retum　samples．　NASA’s

OSIRIS－Rex，　JAXAIs　Hayabusa　2　and　ESA’s
MarcoPolo－R　are　all　asteroid　sample　return　missions

and　there　are　early－stage　proposals　fbr　missions　to

visit　Phobos，　Mars　and　the　Moon．　A　m司or　driver

fbr　all　these　sample　return　missions　is　to　provide　the

international　scientific　community　with　samples　that

are　uncontaminated　by　terrestrial　materials，　which

otherwise　could　compromise　various　science　results，

fbr　example　detection　of　organic　moiecules　of

astrobiological　significance．

　　　　Whilst　it　is　obvious　that　samples　will　need　to　be

curated　once　they　are　returned　to　Earth，　curation　also

plays　a　critical　part　in　the　planning　stages　of　sample

retum　missions．　For　example，　in　the　same　way　that

meteorite　samples　are　care制ly　collected　during

Antarctic　field　work，　samples　collected　by‘robotic

geologists’will　also　require　carefUl　collection　and

handlmg　to　prevent　possible　contammatlon　and
damage　to　the　sample．　Similarly，　how　the　samples

are　stored　fbr　retum　to　Earth　is　also　important．

Storage　vessels　need　to　be　designed　so　that　the

samples　are　protected　during　transit　and　landing　on

Earth　and　made　from　materials　that　are　inert　and

un－reactive　to　the　specimens　they　contain．　Once　the

samples　are　received　in　the　curation　facility　the

prime　concem　is　to　retain　their　scientific　integrity

Thus，　they　need　to　be　stored　under　stringent

environmental　conditions　e．9．　ultra　clean，　inert

atmosphere　or　under　vacuum，　and　fbr　Mars　samples

in　a　biologically　sterile　environment．　These　will　be

some　of　the　most　desirable　samples　available　fbr

study　and　so　the　curation　facility　must　also　be　able　to

prepare　samples　fbr　study　and　then　manage　and　track

the　movement　and　use　of　samples　by　the　scientific

community　Thus，　curation　of　sample　return　samples

should　be　considered　as‘end　to　end’＿curation　is　a

critical　element　fYom　the　first　stages　of　mission

planning　to　the　long－term　care　and　management　of

samples　fbr　perhaps　many　decades　post－return．

Concluding　remarks：
　　　　Since　the　birth　of　meteoritics　as　a　scientific
discipline　in　the　late　l　8th　century，　collection，　curation

and　research　have　progressed　hand　in　hand．　The

increasing　numbers　of　meteorites　collected　and　the

developments　in　a　wide　variety　of　analytical

techniques　used　to　study　them　has　necessitated　a

close，　but　occasionally　tense，　relationship　between

scienti6c　curators　and　researchers．　Meteorite

curation　and　research　continue　to　supPort　each　other

through　a　‘virtuous　circle’of　well－curated　and

apPropriate　materials　supPorting　internationally

significant　research．　This　in　turn　supports　and

justi6es　both　the　continuing　existence　of　collections

and　the　enhancement　of　them　though　the　acquisition

of　new　samples．　Tどchnologies　developed　and
experience　gained　in　the　curation　of　meteorites，

cosmic　dust，　Apollo，　Genesis，　Stardust　and　Hayabusa

samples　has　provided　a　solid　fbundation　of
㎞owledge　and　experience　of　how　to　successfUlly

curate　some　of　the　rarest　specimens　on　Earth．

International　tearns　are　apPlying　this　curatorial

legacy　in　planning　f～）r　the　next　phases　of　Solar

System　exploration　through　sample　return　space

rnlSSIOIIS．
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Surface　features　of　the　Chelyabinsk　meteorite　fragments．
N．Sugiurai，　IUniversity　ofTbkyo．

Introduction：

　　　　Fireball　explosions　are　expla｛ned　as　a　result　of

rapid　increases　in（1）the　air　density　and（2）cross－

sectional　area　of　a　meteoroid　during　the　descent．　The

latter　is　due　to　disintegration　of　the　meteoroid　which

occurs　when　the　ram　pressure（air　density　x　velocity

xvelocity）exceeds　the　material　strength，　However，

the　nature　of　the　disintegration　is　not　clear；it　could

be　related　to　compressive　strength　or　tensile　strength．

Also，　if　we　consider　that　smaller　rocks　are　generally

stronger　than　larger　rocks，　this　tends　to　supPress

disintegration　of　small　fragments．　Therefbre，　it　is　not

clear　if　a　fireball　explosion　is　well　understood．

Sur飽ce　features　of　meteorite　fセagments　rnay　afR）rd

evidence　concerning　how　and　where　they　separated

丘om　the　main　meteoroid　body」They　may　also　tell　us

physical　conditions　in　a　fireball．　This　is　a　preliminary

study　　on　　surface　fbatures　of　the　　Chelyabinsk

meteorite　fragments．

Chelyabinsk血reball：
　　　　According　to［1］，　the　main　explosion　continued

fbr　1．2　seconds　during　which　the　meteor　travelled

－23㎞．Because　of　the　shallow　night　angle（－17
0

，［2D　the　altitude　decreased　only　by　7　km　during　the

explosion．　This　corresponds　to　an　increase　in　the　air

density　by　a　factor　of　2．4（assuming　an　exponential

atmosphere　with　a　scale　height　of　8　km）．　This　means

（assuming　a　constant　velocity）that　every　part　of　the

Chelyabinsk　meteoroid　has　material　strength　within　a

⑫ctor　of2．4．　This　is　a　very　small　range．

Surface　morphological｛㌃atures　of　Chelyabinsk

meteorite　fragments：

　　　　There　are　many　fragments　of　the　Chelyabinsk

meteorite．　It　is　to　be　noted　that　most　of　my

observations　in　this　study　were　made　by　looking　at

pictures　shown　on　web　sites．　The　fξagments　are

divided　into　several　groups　based　on　the　degree　of

ablation　that　they　experienced．

（1）Small　size（peas　and　buttons）：

　　　　These　are　small（〈lg）well　ablated　f已gments．

Peas　are　spheroidal　whereas　buttons　are
hemispherical　with　a　flat　rear　face．　Presumably　the

buttons　fbrmed　by　breakup　of　peas．　Rollover　lips　are

often　observed　on　peas．　This　suggests　that　their

flights　were　not　oriented　during　the　early　part　of　their

flights　resulting　in　spherical　shape．　Then，　later　on，

the　angular　momentum　was　lost　by　the　ablation　and

their　nights　became　oriented　and　fb㎜ed　rollover　lips．

Since　these　small　meteorites　are　fbund　in　the

fbreground　of　the　strewn　field［3］they　are　likely　to

have　separated　f士om　the　main　body　at　a　high（～90

km？）altitude．

（2）Intermediate　size　with　smooth　surfaces：

　　　　There　are　many　smooth－surface　sub－rounded

丘agments　which　weigh～10　g　and　are　completely

covered　with　fUsion　crusts，　suggesting　un－oriented

flight　during　ablation．　The　roundness　suggests　that

they　experienced　considerable　ablation，　perhaps

losing　more　than～80％of　the　initial　mass　of　the

廿agments　at　their　breakup丘om　the　main　body　I

suggest　that　they　separated　fヒom　the　main　body

befbre　the　main　explosion．

（3）Large　size　and　irregular　shape：

　　　　　This　group　is　fUrther　divided　into　three

subgroups．

（a）　Fully　crusted：

　　　This　group　is　distinguished　from　the　intermediate

　　　size　group　by　the　irregular（non－rounded）shape

　　　which　indicates　that　the　ablation　process　removed

　　　only　a　small丘action（less　than　50％）ofthe　initial

　　　mass　of　the　fragments　at　their　breakup　from　the

　　　main　body．　Because　there　are　many　of　such

　　　廿agments　they　probably　originated　in　the　main

　　　explosion．　The　fUll　coverage　by　食1sion　crusts

　　　means　that　the　f㌃agments　were　not　oriented

　　　during　the　ablation．　The　fbllowing　two　subgroups

　　　probably　fbrmed　by　subsequent　fYagmentations　of

　　　this　group、

（b）Partly　crusted　with　a　roasted　rear　face：

　　　There　are　many　ffagments　whose　rear　faces　are

　　　not　covered　with　fUsion　crusts．（In　some　cases　the

　　　judgment　of‘‘rear”may　be　su句ective．）In　many

　　　cases，　the　rear　faces　are　flat．　In　other　cases，　the

　　　rear　faces　are　rough　with　depressions　and

　　　protrusions．　The　rear　faces　are　more　or　less

　　　roasted　（scorched）　and　rollover　lips　are　often

　　　observed　on　the　edges，　showing　that　the　ablation

　　　process　was　continuing　aRer　the　breakup　of　the

　　　rear　faces　and　the　flight　is　oriented（if　rollover

　　　lips　are　present）．　The　roasting　is　understood　as

　　　due　to　the　hot　air　in　the　wake．　A　simple　minded

　　　calculation　of　adiabatic　expansion　of　hot　and

　　　dense　air（20000　K　and～4xlO7　Pa）in　the　bow

　　　　shock　to　an　ambient　air　pressure（～104　Pa）in　the

　　　wake　shows　that　the　temperature　in　the　wake　may

　　　be～1860　K．　This　seems　to　be　just　about　the　right

　　　temperature　fbr　roasting　if　one　considers　that　the

　　　process　continued　fbr　only　a　second　or　so・Since

　　　there　are　numerous廿agments　with　this　feature

　　　　and　since　they　have　to　fbrm　in　a　hot　envlronment

　　　they　probably　fbrmed　during　the　main　explosion．

　　　The　oRen－observed　flat　rear　fらce　is　due　to飽il田e

（c）

along　Pre－existlng廿actures．

Partly　crusted　with　a　fresh　rear　face：

This　is　similar　to　the　previous　group　except｛br

the廿esh（un，roasted）rear　face．　The　un－roasted

nature　indicates　that　the　ambient　temperature　was

low，　suggesting　fbrmation　after　the　main

一 65一



explosion．　Some　of　the　rear　faces　may　have

免㎜ed　by　the　impact　onto　the　ground．　But　since

the　ground　was　mostly　covered　with　snow，　many

of　the　fragments　with　f士esh　rear⑰ces　probably

R）rmed　in　the　air．

Surface　color：

　　　　Surface（mostly　covered　with血sion　crust）color

of　chondrites　is　usually　black，　suggesting　dominance

of　magnetite．　In　the　case　of　Chelyabinsk　meteorite

廿agments　of　group　3，　red　color　（indicating

dominance　of　hematite）is　often　observed　on　flat（or

concave）　勉ces．　This　is　not　due　to　terrestriaI

weathering　because　it　is　observed　even　on　f㌃agments

recovered　soon　afler　the　f乞ll［3］．　The　well　molten

血sion　crust　and　protruded　areas　of　the　same

廿agment　are　black．　Redox　conditions　in　the　wake　of

ameteor　are　close　to　the　hematite－magnetite　buf丘r．

Assuming　the　pressure　in　a　wake　is　the　ambient　air

pressure，　at　20　km　and　30㎞altitudes，　hematite　is

stable　at＜1270　C　and　at＜1200　C，　respectively［4］．

Therefbre，　the　red－colored　areas　were　probably

拓㎜ed　under　these　conditions．　Fusion　crusts　on　the

廿ont（and　side）faces（heated　by　the　hot　compressed

air　both　due　to　conduction　and　irradiation）fbrmed　at

much　higher　temperatures　where　ma騨etite　is　stable．

These　observations　are　consistent　with　the

interpretation　that　the　group　3　fragments　fbrmed　in

the　main　explosion．

IDiscussion：

　　　　Based　on　morphological　fbatures，　Chelyabinsk

meteorite　fragments　were　classified　into　5　groups．

The　interpretations　of　the飴atures　are　not　particularly

neW　but　the　grouping　fits　nicely　with　the　degree　of

ablation　expected　fbr　f士agments　produced　during

pre－explosion，　explosion　and　post－explosion　phases

of　the　firebal1．　The　observation　that　red－colored

surfaces　are　not　rare　among　the　Chelyabinsk
丘agments　is　explained　as　a　result　ofdeep　penetration

of　the　meteor　and　fセagmenting　at　low　altitudes．　This

may　be　a　common　feature　of　meteorites　produced　by

huge　meteoroids．

　　　　Regarding　　disintegration　　processes　　of

meteoroids，　an　important　implication　may　be
obtained廿om　the　group　3b　fセagments．　In　particular，
　　　を
the　presence　of　fそagments　with　a　flat（rear）surface

decorated　with　rollover　lips　seems　important．　The

flat　face　is　produced　by　breaking　up　a　pre－existing

廿acture．　We　know　that廿actures　produced　in
chondrites　are　o危en　parallel　to　each　other．　There　are

actually　pieces　of　parallelepiped　and　slab　shaped

Chelyabinsk　meteorite　丘agments　which　were
produced　by　breaking　up　of　the　parallel廿actures．

Taken　together，　these　observations　suggest　that　the

flat　rear　face　of　group　3b　may　be　produced　by

breakup　of　a　slab　fYom　the　rear⑫ce．　In　such　a　case，

the　flight　orientation　is　likely　to　be　kept　during　the

brea㎞p．　This　reasoning　and　the　presence　of　rollover

lips　mean　that　the　flight　was　already　oriented　beR）re

the　breakup．　This　finally　means　that　the　breakup

could　be　due　to　tensile　failure，　because　not　much

compressive　stress　is　available　near　the　rear　surface、

There　is　a　super－sonic　air　How　near　the　edge　of　the

rear　face　along　the　side　faces．　This　causes　a　strong

tensile　stress　on　the　side　faces　which　could　cause　the

tensile　failure．

　　　　If　my　reasoning　given　above　is　wrong　or　not

applicable　to　all　group　3b　fragments，　flight　of　some

廿agments　may　be　un－oriented　befbre　the　breakup　and

became　oriented　by　the　change　in　the　fragment　shape、

The　plausibility　of　such　an　inteη）retation　depends　on

the　time　scale　of　stopping　rotation　and　the　time　scale

of血sion　crust　fb㎜ation．　My　explanation　in　the

previous　paragraph　is　based　on　the　assumption　that

血sion　crusts　fbrm　instantaneously　if　the　normal

vector　of　the　newly　fbrmed　surface　is　momentarily

directed　fbrward．　Correctness　of　this　explanation

hinges　on　rotation　rates　and　the　number　of　rotation

befbre　the　flight　becomes　oriented．　This　is　an

important　su切ect　of　a　fUture　study　because　oriented

meteorites　provide　usefUl　infbrmation　on　fireballs．

　　　　If　it　is　agreed　that　the　group　3b　fセagments　with　a

flat　surface　decorated　with　rollover　lips　were

produced　by　tensile　fhilure，　this　conclusion　may　be

extended　to　the　case　with　a　rough　surfhce　whose　edge

is　decorated　by　rollover　lips．　In　this　case，　because

the　new　rough　surface　has　to　be　created　by　tearing　up

grain　boundaries，　we　expect　significant　interaction

between　the　fractured　surfaces　which　may　cause

rotational　torque．　Yet　there　may　be　fair　chances　that

such　fragments　were　oriented　befbre　the　breakup　and

remained　oriented　after　the　breakup，　too．　Inote　that

rough　surfaces　are　likely　to　be　produced　by　tensile

stresses　because　compressive　failure　of　rocks　usually

results　in　a　nearly　flat　fracture．　Shock　induced　flat

廿actures（due　to　compressive　failure）are　abundantly

observed　in　the　Chelyabinsk　meteorite．　In　passing，　I

suggest　that　regmaglypt　which　is　the　name　fbr

depressions　on　meteorite　surfaces　may　simply　be

remaining　depressions　created　by　tensile　failure　and

remained　un－erased　by　the　ablation　process．

　　　　In　conclusion，　based　on　surface　fbatures　of　the

Chelyabinsk　meteorite　f㌃agments，　I　suggest　that

tensiIe　failure　near　rear　sur飽ces　is　an　important

disintegrati㎝　process　of　meteoroids．　If　tensile

strength　of　a　lmeteoroid　is　restricted　to　a　very　narrow

range，　one　may　conclude　that　the　Chelyabinsk

fireball　explosion　is　well　understood．　Thus，　tensile

strength　measurements　of　Chelyabinsk　meteorite
　トf㌃agments　are　important．
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Mineralogy　of　Y」790782　LI・Chondrite　and　Thermal　Processes　of　the　Parent　Asteroid．
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fbr　Sci．＆Engn．，3NIPR，4JAXA／ISAS，5CIT，　Dept．　of　Life＆Environm．　Sci．

801ivine　points　and　2010w－Ca　pyroxene　points，　and

Introduction：

　　　　Because　of　the　recent　asteroid　missions，

Hayabusa［1］，　Dawan［2］etc．，　we　have　renewed

interests　in　the　asteroid－meteorite　connection，　in

order　to　better　understand　the　evolutional　processes

on　asteroids．　It　is　generally　understood　that　the

chondritic　materials　preserve　the　chemical　records　of

primitive　solar　system　materials，　because　their　parent

bodies　are　mostly　smalL　However，　the　presence　of　a

Vest－like　asteroid　larger　than　500　km　in　diameter［2］，

suggests　more　advanced　dif琵rentiation　on
primitive　planetary　bodies．　We　recognized　melting

and　metamorphic　records　in　the　LL　chondrites［3］．

We　wiIl　compare　the　degree　of　di胱rentiation　of　the

Vesta－like　body　with　those　ofthe　LL　chondrite　parent

body．　V泥　already　pointed　out　that　zoning　Profiles

of　pyroxenes　in　totally　molten　LL　chondrites

including　Yこ790964［4］are　comparable　with　one
grain　in　the　Itokawa　dusts［1］．　In　this　paper，　we　will

report　other　partly　molten　LL　chondrites，　to　discuss

evolution　of　the　LL　body　with　respect　to　Vesta－like

bodies．

Samples　and　Methods：

We　examined　a　new　PTS（polished　thin　section）

of　　LL　　chondrite，　　prepared at　the　NIPR．
Y」790782，91－2［5］was　observed　by　a　petrographic

microscope　and　was　analyzed　with　a　JEOL
JXA－8900　EPMA　at　AORI（Atomosph．　Ocean　Res．

Inst．）．　Other　PTSs　previously　studied，　including

Y」981971，51－1，Y」793214，92－1　（LL5），　were　also

reexamined　to　compare　with　the　new　one．

Results：

　　　　PTS　Y」790782，91－2　（0．9×0．8　mm　in　size）

consists　of　dark　6ne－grained　mafic　sihcates（Fig．1）．

The　PTS　is　characterized　by　many　opaque　spherules

up　to　7　mm　in　diameter．　The　presence　of　Fe　and　Ni

suggests　that　these　spherules　are　products　of　partial

melting　of　chondritic　metals　and　sulfides．　The

opaque　spherules　distribute　throughout　the　PTS，

indicating　total　melting．　The　texture　is　dif丘rent廿om

that　of　Y790964［6］．　Afヒw　clasts　of　crystalline

materials　are　present　in　the　matrices（Fig2）．　This

clast　shows　a　granulitic　texture　with　an　opaque　vein．

　　　　The　matrlx　resembles　devitrified　glass，　but

enlarged　photograph（Fig、3）shows　that　they　are

aggregates　of　fine　fragments　of　low－Ca　pyroxene　and

olivine．　Some　f士agments　are　large　enough　to　give

single　mineral　compositions，　but　fine　materials

between　the　fine　fragments　give　compositions
intermediate　between　low－Ca　pyroxene　and　olivine．

Among　8　by　8　grid　analysis　with　20　microns　interva1，

24points　with　mixtures　of　pyroxene　and　olivine．

The　Mg　numbers（MgXlOO／（Mg＋Fe）mol％）of　the

Olivine　range

composltlons

Ca5Mg74Fe22

廿om　72　to　78．　The　pyroxene
are　nearly　unifbrm　and　range　f士om

to　Ca8Mg68Fe24，　apProximately．

Discussion：

　　　　Perspectives　of　solar　system　evolution　have

been　obtained　by　comparisons　of　spectroscopic

studies　of　materials　of　asteroids　and　planets，　and

mineralogy，　petrology　and　geochemistry　of
meteorites．　Recently，　in－situ　observation　of　asteroid

Itokawa　by　Hayabusa　Mission　and　the　dusts　retumed

廿om　Itokawa　are　revealing　new　data．　Dawn
mission　results　provide　key　insights　into　the

fbrmation　and　geologic　evolution　of　Vesta　and　into

the　processes　shaping　the　asteroid　belt　over　time

　　　　Because　of　the　small　sizes　of　most　asteroids，　the

chondritic　materials　preserve　the　chemical　records　of

primitive　solar　system　materials［7］．　However，　we

R）und　the　presence　ofthe　products　of　partial　melting

and　thermal　metamorphism　in　some　chondrite　parent

bodies．　We　fbund　the　first　evidence　ofaproduct　of

partial　melting　of　the　chondritic　primitive　solar

system　materials　with　albite　and　diopside　assemblage

in　Y二74160［3］and　similar　materials　were　recognized

in　other　LL　with　granulitic　texture　and　in　silicate

inclusions　in　some　iron　meteorite［8］．　The　facts

suggested　that　even　the　primitive　solar　system

material，　such　as　chondrites　experienced　strong

thermal　events．

　　　　The　microscopic　textures　of　the　LL　chondrites，

including　　Y二790964，　Y」981971，　and　　Y二793214

suggest　extensive　processes　of　possible　melting　and

rnetamorphism　even　in　a　primitive　parent　body，

comparable　to　some　parts　of　lunar　cmst
Mineralogy　and　petrology　of　Y二790782　in　this　study

revealed　that　the　presence　of　opaque　spherules　is　the

direct　evidence　ofmelting　in　the　LL　parent　body．　It

is　to　be　noted　that　the　silicate　matrices　are　not　molten．

The　presence　of　the　granu正itic　clast　with　spherules

suggests　that　an　impact　related　to　the飴㎜ation　of

spherules　took　place　a良er　the　granulite　fbrmatlon．

It　is　important　to　recognize　that　such　events　took

place　in　a　region　of　the　LL　chondrite　parent　body・

丘om　where　Itokawa　and　parent　asteroids　of　the

Antarctic　meteorites　were句ected．

　　　　Products　of　high　temperature　episodes　were

well　known　in　the　differentiated　meteorlte　parent

bodies．　The　mineralogy　of　Vesta，　based　on　data

obtained　by　the　Dawn　mission［2］，　is　consistent　with

HED　achondrites［9］，　and　confirmed　the　presence　of

the　proposed　Iayered　crust　model［10］・　　This
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second　masslve　asterold　ls也e　largest　protoplanet

vlslted　to　date，　and　thereby　provldes　a　dlrect　llnk　to

materlals　of　the　smallest　terrestrial　planet　and　baslc

mode　ofplanetary　evolution　ofthe　solar　system［10］．

Pyroxene　composltlons　of　a　varlety　of　llthlc　clasts

and　mlneral　fragments　ln　the　HED　meteorltes　reveal

the　contmuum　of　chemical　composltions，　which　can

be　explalned　more　readlly　by　ffactlonal
crystalllzatlon．　Crystallizatlon　of　diogenltlc　（D）

orthopyroxene　ls　fbllowed　by　low－Ca　plgeonlte　and

plagioclase　of　cumulate　eucrltes，　and　then　the　Ca　and

Fe　contents　of　plgeonite　ln　ordlnary　eucrltes　（E）

increase　　whlle　　crystallization　　proceeds、

Plgeonlte－eucrltlc　clasts　in　the　Y二7308　howardlte（H）

show　weak　clusterlng　around　the　composlt1皿s　near

the　field　of　ordlnary　eucrltes（11ke　Juvlnas）wlth　the

perltectlc　composltl皿s　The　varlatlons　of　Mg
numbers　of　the　D－E　trend　and　those　of　H　are　much

larger　than　that　ofthe　type　6　LL　chondntes．

　　　　The　sampled　materlal　of　Itokawa　was　thermally

metamoq）hosed，　as　ls　the　case　fbr　most　ordmary

chondrltes．　Peak　temperatures　ln　chondrite　parent

bodles　ranged　from　about　750－950°C　fbr　type　6　The

onlon－shell　models［ll］of　chondrlte　show　that　type　6

1s　produced　m　the　interlor　ofabody　nearly　170　km　in

dlameter．　The　varlatlons　of　thelr　chemlcal
composit玉ons　are　relatlvely　small．　To　be　heated

sufficlently，　the　samples　must　have　orlgmated　lnside

amuch▲arger　asterold．　The　granulltlc　textures　ln

some　lunar　samples　are　wldely　belleved　to　have

fbrmed　deep　ln　the　lunar　crust　The　granuhtic

materlals　m　the　LL　parent　body　may　also　have　been

品㎜ed　in　some　depth　of　their　parent　body

　　　　It　ls　to　be　remembered　that　chondrltlc　materials

keep　records　of　prlmltlve　solar　system，　but　some

parts　are　partly　melted　and　heavlly　metamorphosed
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　　　Intmduction：Chondrites　are　chemically　primitive　and

carbonaceous（C）chondrites　are　potentially　the　most　primitive

among　them　because　they　mostly　escaped　the㎜al　metamor－

phism　that　af琵cted　the　other　chondrite　groups．　R．ratios　of　their

m司or，　non－volatile　and　most　ofthe　volatile　elements　are　simi－

lar　to　those　of　the　Sun・Therefbre，　C　chond亘tes　are　expected　to

retain　a　good　record　of　the　origin　and　early　history　of　the　solar

system．

　　　Carbonaceous　chondrites　are　chemically　distinguished

廿om　other　chondrites　by　their　high　Mg／Si　ratios　and　re廿actory

elements，　and　have　experienced　various　degrees　of　aqueous

akeration．　They　are　subd輌vided　into　e輌ght　subgroups（CI，　CM，

CO，　CV，　CK，　CR，　CB　and　CH）based　on　m司or　element　and

oxygen　isotopic　ratios．　Their　elemental　rat｛os　vary　over　a　wide

range，　in　contrast　to　those　of　ordinary　and　enstatite　chondrites

which　are　relatively　unifbm．　k　is　critical　to　know　how　many

separate　bodies　are　represented　by　the　C　chondrites．

　　　In　this　study，　CM　chondrites，　the　most　abundant　carbona－

ceous　chondrites，　are　exa面ned．　They　are　water一亘ch，　chon－

drule－and　CAI－bearing　meteorites　and　most　of　them　are　brec－

cias．　High－temperature　components　such　as　chondrules，　iso－

lated　olivine　and　CAIs　in　CMs　are廿equently　altered　and　some

of　them　are　replaced　by　phyllosilicates　and　surrounded　by

sulfides　whose　Fe　was　derived　fセom　mafic　silicates．　On　the

basis　of　degrees　of　aqueous　alteration，　CMs　have　been　classi－

fied　into　subtypes廿om　l　to　2，　although　Rubin　et　al．［1］as－

signed　subtype　l　to　subtype　2　and　subtype　2　to　subtype　2．6

using　various　petrologic　properties．　The　classification　is　based

on　petrographic　and　mineraloglc　properties．　For　examp▲e，

though　tochi治ite（2［（Fe，　Mg，　Cu，　M［］）S］1．57－L85　t（Mg，　Fe，

Ni，　Al，　Ca）（OH）2］）clumps　are　produced　during　aqueous　alter－

ation，　they　disappear　and　sulfide　appears　with　increasing　de－

grees　of　aqueous　alteration．

　　　Cosmic－ray　exposure（CRE）age　measurements　of　CM

chondrites　reveal　an　unusual　feature．　Although　CRE　ages　of

other　chondrite　groups　range　f｝om　several　Myr　to　tens　of　Myr，

CMs　exposure　ages　are　not　longer　than　7　Myr　with　one－third

of　the　CM　having　less　than　l　Myr　CRE　age．　For　those　CM

chondrites　that　have　CRE　ages＜l　Mlyr，　there　are　two　discem－

able　CRE　peaks．　Because　a　CRE　age　reflects　how　long　a　me－

teorite　is　present　as　a　separate　body　in　space，　the　peaks　pre－

sumably　represent　collisional　events　on　the　parent　body（ies）

［2］．

　　　In　this　study　we　deHned　4　distinct　CRE　age　groups　of　CMs

and　systematically　characterized　the　petrography　in　each　of

the　4　CRE　age　groups　to　detemine　whether　the　groups　have

significant　petrographic　dif飴rences，　with　such　dif琵rences

probably　reflecting　dif民rent　parent　body（asteroid）geological

processing，　or　mukiple　original　bodies．

　　　Samples　and　Method：We　observed　thin　sections　of　l　25

CM　and　CM－related　chondrites　by　optical　microscopy　and

scanning　electron　microscopy（SEM）．　Moreover，　we　made

who▲e　mosaics　of　each　thin　section　by　reflected　light　and

backscattered　electron　imaging（Fig．1）．　We　then　grouped　the

meteorites　into　several　groups　based　on　the負）llowing　nine

petrographic　criteria：

　　　1．Abundance　ofchondrules

　　　2．Abundance　and　thickness　ofchondrule　rims

　　　3．Chondrule　sizes

　　　4．Degrees　of　chondrule　fアactur輌ng

　　　5．Degrees　of　mafic　silicate　alteration　in　chondrules

　　　6．Amount　of　metal　iron

　　　7．Amount　ofCAIs

　　　8．Amount　of　toch輌linite　clamps

　　　9．Brecciation

　　　These　criteria　fbllow　chamcterizations　mentioned　in　Rubin

et　aL［1］．　Our　resukant　groupings　are　per和㎜ed　quali励vely

because　this　is　the丘rst　attempt　to　group　them　wlth　their　CRB

ages　and　textures．

　　　Some　element　maps　are　also　made　by　SEM　and　some

quantitative　analyses　were　made　of　matrix　by　electron　micro－

probe　to　compare　compositions　between　each　CRE　age　groups．

　　　Result　and］Discussion：Figure　2　is　the　CRE　age　distribu－

tion　plot　of　CMs　observed　in　this　study［2］．　In　this　plot，　the　73

well　dete㎜ined　CMs　are　shown．　Accordlng　to　this　plot，　there

are　several　distinct　peaks　and　the　large　number　of　samples

permits　investigation　of　each　CRE　age　group．　We　label　the

perceptible　3　peaks　approximately　around　O．2　Myr，0．6　Myr
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Fig．2CRE　age　distribu60n　plot　of　observed　CMs

and　15Myr　as　group　1，2and　3，　respectively．　Although　mete－

orites　whose　CRE　age　is　over　25　Myr　are　plotted，　their　CRE

ages　are　still　uncertain　because　of　limitation　on　measurement，

therefbre　they　all　are　grouped　as　group　4．

　　　According　to　our　observations，　we　find　that　some　meteor－

ites　in　the　same　CRE　age　group　have　the　same　texture（or　the

same　clast）．　For　example，　LON94101，　Y－793595　and

ALH85007　are　belong輌ng　to　the　same　group　and　some　rare

clasts（compressed　tochilinite）similar　to　the　texture　in　Y－

793595are　fbund　in　the　other　meteorites．　This　is　consistent

with　the　hypothesis　that　they　are句ected　by　the　same　colli－

sional　event　and　the　peak　in　the　CRE　age　distribution　plot

represents　each　collisional　event［2］．

　　　Then，　we　compare　each　meteorite　by　the　criteria　and　find

some　trends．　Although　the　average　chondrule　sizes　and　rim

thicknesses　of　each　group　are　similar，也e　degree　of　alteration

and　the　amount　of　tochilinite　is　dif民rent．　Meteorites　in　group

ho　3　tend　to　be　more　altered　than　meteorites　in也e　other

groups．　The　amount　of　tochilinite　tends　to　decrease廿om

group　l　to　group　3　and　be　constant倉om　group　3　to　4．　There－

fbre，　it　seems　that　there　are　some　correlations　between　the

CRE　ages　and　the　textures，　however　this　observation　is　still

qualitative　and　we　need　to　con丘㎜whether　these　variati皿s

are　significant．

　　　Figure　3　shows　elemental　maps　of　4　meteor輌tes　selected

廿om　3　different　CRE　age　groups　and　not－measured　group．

From　these　images　we　can五nd　that　Mg　is　abundant　in

ALH88045　and　Cold　Bokkeveld，　however　it　is　low　in　Murray

and　LEW90500，　and　Al　and　Ca　are　more　abundant　than　Mg　in

LEW90500．　As　above，　we　see　compositional　dif飴rences　be－

tween　each　meteorite．　However，　we　have　only　a　small　amo皿t

of　compositional　data，　and　it　is　therefbre　unclear　whether　the

compositions　of　meteorites　with　similar　textures　are　alike　or

not．

　　　C①nclusions：In　this　study，　we　s皿ght　correlations　be－

tween　the　CRE　age　and　textures　of　CMs　fbr　the丘rst　time　and

we　fbund　the　degree　of　akeration　and　the　amount　of　tochilinite

vary　with　the　CRE　ages．　However，　this　observation　is　still

qualitative，　therefbre，　quantitative　observation，　Ibr　example

the　compositional　analysis　by　electron　microprobe　to　quantifシ

the　degree　ofalteration　is　needed．

F輌9．3Composite　elemental　maps　of　4　meteorites
Red，　green　and　blue　represent　Mg，　Ca　and　Al，　respectively．　Upper

left：ALH88045，　Upper　right：Murray，　Lower　leR：Cold
Bokkeveld，　Lower　right：LEW90500．　Mg，　Ca　and　Al　contrast　and

brightness　are　a（輌sted　to　be　the　same　within　each　image．

　　　We　also　fbund　CMs　in　each　CRE　age　group　have　many

dif琵rent　kinds　of　textures，　some　are　similar　and　others　are

dif允rent．　This　means　that　meteorites　fbm　each　group　were

句ected　by　the　same　collisional　event　and　the　parent　body（ies）

of　CMs　is（are）complex　and　not　unilb㎜．

　　　At　this　time，　although　it　is　not　clear　that　the　differences輌n

each　gr皿p　are　significant　and　what　they　represent．　Our　pre－

liminary　analysis　suggests　that　some　CRE　age　groups　are　ffom

separate　parent　bodies．　However，　fhrther　investigation　is　re－

quired　to　pe㎜it　selection　of　the　correct　situation．

　　　References：［1］R．ubin　A．　E．　et　al．（2007）Gθoc加吻．　Co3－

％c腕加．4c’α71．2361－2382．［2］Nishiizumi　K．　and　Caf飴e　M．

C．（2012）LPSC大Z凪abst＃2758．
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Universiteit　Bmssel，　B－1050　Brussels，　Belgium，3Dept．　of　Geoscience，　Univ．　of

Wisconsin－Madison，　Madison，　WI，53706，　USA．

Introduction：

　　　　Recently，　the　Mont　Dieu　meteorite　was

confirmed　as　a　fine　octahedrite　IIE　iron　meteorite［1，

2，3］．The　original　ffagments　in　the　collection　of　the

ルψぷ6θ∧吻τo〃α1∂i疏MoJ佗Mτ批θ〃εin　Paris　show

mst　damage．　The　much　better　preserved～450　kg

廿agment　of　the　IIE　non－magmatic　iron（NMI）Mont

Dieu　II　meteorite　hosted　at　the　Royal　Belgian

Institute　ofNatural　Sciences，　in　Brussels，　was　studied．

The　metal　phase　shows　a　clear　widmanstatten　texture，

composed　essentially　ofkamacite，　with　fine　lines　of

Ni－rich　taenite，　and　locally　troilite　associated　with

schreibersite．　The　study　fbcuses　on　the　abundant

large，　angular，　brownish　silicate　inclusions　present　in

Mont　Dieu　II．　These　were　studied　under　SEM／EDX，

m勾or　and　trace　elements　were　dete㎜ined　by

ICP－OES＆ICP－MS，　and　oxygen　isotopes　were
measured．

Snicate　inclusions：

　　　The　silicate　inclusions　are　characteHzed　by

coarse－grained　granular　texture，　crossed　by　metal

veins　ranging丘om　abundant　fine　veinlets　to　a　fbw

coarse　veins　of　l　OO－250μm　wide．　Round　stnlctures

（－1㎜in　diameter）composed　of免πoma帥esian
minerals　are　spread　throughout　the　silicate　inclusions

and　are　interpreted　as　relict　chondrules．　The　m司ority

of　these　chondrules　have　a　recrystallized　apPearance

but　three　well　preserved　barred　olivine　chondnlles，　a

允ature　so　far　only　present　in　Netschaevo　IIE［4］，

have　been　observed．　The　mineralogy　is　of　chondritic

nature．　It　contains　low　Ca－pyroxene，　olivine，

plagioclase，　glass，　Fe－Ni，　troilite，　chromite　and

phophates．　Glass　is　only　fbund　within　the　chondnlles

and　contains　up　to　4．7　wt％FeO．　The　composition　of

this　glass　can　best　be　compared　to　chondmle　glass．

The　Fa　and　Fs　molar　contents　are　defined　fbr　three

different　regions　in　the　silicate　inclusions；the　well

preserved　chondrules，　the　recrystallized　chondrules

and　the　matrix．　For　both　chondmle　gr皿ps，　these

values　fall　within　the　H－range（Fs＝14．9±6．3；Fa＝

17．4士5．3fbr　the　original　chondrules．　Fs＝15．0±

2．5；　Fa　＝　　16．4　±　　2．7　fbr　the　recrystallized

chondmles）．　For　the　matrix　the　Fa　and　Fs　molar

contents　are　14．9土　1．5　and　l　2．9±0．6　respectively，

more　reduced　compared　to　H－chondrites．　Olivine　and

low－Ca　pyroxene　show　a　wide　compositional　range

（2σ）which　is　decreasing　f｝om　original　chondrules　to

recrystallized　chondrules　to　matrix．

　　　The　m司or　element　composition　of　the　silicate

phase　of　Mont　Dieu　II　can　best　be　compared　to

enstatite　and　ordinary　chondrites．　Because　barred

olivine　　chondrules　do　　not　occur　in　　enstatite

chondrites，　an　enstatite　chondrite　af6nity　is　excluded．

Within　the　ordinary　chondrites，　the　composition　of

Mont　Dieu　II　can　best　be　compared　to　H－chondrites．

　　　The　oxygen　isotope　analyses　carried皿t　on　Mont

Dieu　II　yield　a　mean△1700f　O．714±0．024％o．　In

terms　of　its　oxygen　signature，　Mont　Dieu　II　falls

within　the　range　defined　fbr　H　3－6　chondrites［5；6】．

　　　The　silicate　inclusions　show　similarities　with　H6

chondrites，　where　small　chondrules　have　disappeared

and　the　groundmass　has　coarsened．　It　is　likely　that

the　　silicate　　minerals　　underwent　　appreciable

metamorphic　recrystallization　but　that　melting　was

very　hmited．　Metal，　troilite　and　phosphates　minerals

have　an　irregular　and　elongated　shape，　indicating　that

these　minerals　were　once　molten．　From　these
observations，　it　is　clear　that　Mont　Dieu　II　has　been

heated．

Precursor　material：

　　　Several　lines　of　evidence　let　us　believe　that　Mont

Dieu　II　originated　as　an　H－chondrite；the　preserved

chondrules，　the　chondritic　mineralogy，　its　m勾or

element　composition　and　its　oxygen　isotopic
composition．　Three　other　important　fもatures　indicate

that　the　precursor　material　could　have　been　an

unequilibrated　H3　chondrite；（1）The　occurrence　of

chondnlle　glass　in　some　chondrules，（2）The　wide

compositional　range　of　the　minerals　in　those

chondrules　and（3）The　oxygen　isotopic　composition

that　is　situated　in　the　H3　range．

Formationl

　　　An　impact拓㎜ation　model　is　proposed．　An

H－chondrite　parent　body　was　impacted　by　an　Fe－Ni

impactor　that　created　a　metal－magma　pool　on　the

surface　of　the　H－chondrite　parent　body．　The　matedal

of　the　impactor　is　mixed　with　the　silicate　mate㎡al

when　sinking　towards　the　bottom　ofthe　magma　poo1．

Acertain　amount　ofthe　impactor　sinks　to　the　magma

pooL　The　upper　part　of　the　magma　pool　consists　of　a

silicate－metal　mixing　region．　In　this　environment，

Mont　Dieu　II　was品㎜ed．　A　position　near　the　edge

and　at　a　shallow　depth　ofthe　magma　pool　is　f乞vored

fbr　Mont　Dieu　II，　because　fast　cooling　is　necessary　to

preserve　the　chondmles　and　glass．　No　strong
evidence　fbr　shock　was　observed　in　the　silicate　phase，

meaning　that　Mont　Dieu　II　did　not　fb㎝at　the

surface　of　the　parent　body　An　H3－chonddte　a伍nity

R）rMont　Dieu　II　is　consistent　with　the　onion　shell

model，　where　the　least　metamorphosed　regions　are

situated　at　the　surface　of　the　H－chondrite　bod芳where

the　impact　took　place．
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Classification：

　　　To　position　Mont　Dieu　II　within　the　IIE　group

several　classification　criteria　have　been　evaluated．

The　occurrence　of　chondrules　in　the　silicate　phase　of

Mont　Dieu　II，　its　m司or　element　composition　and　its

chondritic　mineralogy　place　Mont　Dieu　II　on　the

same　level　as　Netschaevo．　The　preservation　of

chondrule　glass　and　its　oxygen　isotopic　composition

血vor　a　more　primitive　nature　fbr　Mont　Dieu　II　and

therefbre　we　propose　that　Mont　Dieu　makes　up　a　new，

the　most　primitive　subgroup，　within　the　IIE
classification．

Ref、｝rences：

　　　　田　Grossman　J．　N．（1997）」脆’θo功ic5　（蔓

P1α〃θταワ　Sと’θηcθ，　Sμρ7戊．　31，　Al59－166．　［2］

Desrousseaux　A．　et　al．（1996）　ハ4ετeo功↓cぷ　（蔓

1）1αηθrαリノScj¢ηce，31，　A36．［3］Van　Den　Borre　N．　et

aL（2007）Wτeoγ〃↓cぷ（受P1αηe’αζV＆7iεηcε，42：A153．

［4］Olsen　E．　and　Jarosewich　E．（1971）Sc∫θηcθ，174，

583－585．［5］Clayton　RN．　and　Mayeda　T．K．（1996）

Gεocカθ〃πcααη∂Coぷ〃20c乃τ〃2↓cαノ4c’α60，1999－2017．

｛6］　Folco　L．　et　aL，　（2004）　Geoc乃e〃2jcα　αη∂

Co5mocカカηic仇4σ068，2379－2397．［7］Franchi　I．A．

（2008）」Rθv’θwぷτη2協ηeγα10gγαηol（わ5微）cカε”ガ∫τり’，

68，345－397．
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Present　st加us　of　international　announcement　of　opportu皿ity　and　consortium　studies　fbr
Hayabusa－retumed　samples．　T．　Yadal，　M．　Abe1’2，　T．　Okadal’2，　M．　Uesugil，　Y．　Karo可il，　Y．

Ishibashi1，　and　M．　F両imotol’2’3，　IInst．　Space　Astronaut．　Sci．　and　2Lunar　Planet．　Explor．

Program　Group，　Japan　Aerosp、　Explor．　Agency，　JAPAN，3Earth－Life　Sci．　Inst．，　Tokyo　Inst．

Technol．，　JAPAN．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　15％to　JAXA，10％to　NASA，　and　rest　45％is

Introduction：　　　　　　　　　　　　　　　　　　　preserved　fbr　fUture．　Based　on　the　MOU，　ESCUTE

　　　　The　Hayabusa　spacecraft　accomplished
touchdowns　onto　a　S－type　asteroid　Itokawa　twice　and

retumed　its　reentry　capsule　to　the　Earth　in　June　2010

［1］．ARer　it　was　recovered　in　the　Australian　desert

and　sent　back　to　Japan，　it　was　treated　in　clean　rooms

of　the　extraterrestrial　sample　curation　center

（ESCUC）of　JAXA　and　finally　returned　samples

were　recovered　flom　a　sample　catcher，　as　described

in［2］．　Here　we　report　the　present　status　of　the　sample

recovery，　the　international　announcement　of
opportunity（AO），　and　consortium　studies　conducted

by　JAXA．

Present　status　of　the　sample　recovery：

　　　　The　Hayabusa’s　sample　catcher　is　composed　of

room　A　and　B　and　a　rotational　cylinder，　and　samples

by　the　first　touchdown　was　recovered　in　the　catcher

room　B　whereas　those　by　the　second　one　in　the　room

A，　through　the　rotational　cylinder．　JAXA
extraterrestrial　sample　curation　team（ESCUTE）has

recovered　particles　f㌃om　the　sample　catcher　by　the

fbllowing　two　ways．　One　is　from　quartz　glass　disks

which　had　been　attached　to　the　openings　of　the

catcher　room　A　and　B，　and　received　particles允11

down丘om　its　inside　by　tapping　it．　The　other　is廿om

acover　of　the　catcher　roorn　B．　Particles　on　the　disks

and　the　cover　are　handpicked　one　by　one　with　an

electrostatically　controlled　micromanipulator　in　a

clean　chamber　filled　with　N2．　Then　they　are　set　in　a

special　sample　holder　fbr　transportation　to　the　SEM

without　exposing　to　air　and　then　analyzed　by　the

SEM．　A丘er　the　SEM　observation，　they　are　sent　back

to　the　clean　chamber，　placed　on　gridded　quartz　glass

slides，　given　own　their　IDs　and　preserved　in　the

chamber　with　N2　condition．　So　far，430　particles

have　been　recovered　and　described，　and　almost　80％

of　them　are　mainly　composed　of　silicates，　supposed

to　originate　from　Itokawa．　However，　sample
recovery輪m　the　catcher　is　still　under　on　the　way．

　　　　Now　we　ESCUTE　start　observing　the　surface　of

the　cover　of　the　catcher　room　B　directly　by　SEM，

expecting　more　particles　overlooked　by　optical

microscope　observation　might　be　recognized　with

this　method．　And　we　are　planning　to　recover　particles

on　metal　disks　to　be　observed　directly　by　SEM　to

increase　the　working　efficiency．

Memorandum　of　understanding　between　JAXA
and　NASA：
Befbre　the　launch　of　the　Hayabusa，　JAXA　published

memorandum　of　understanding（MOU）between
JAXA　and　NASA．　It　includes　that　l　5％of　samples

recovered　丘om　Itokawa　will　be　allocated　to

preliminary　examination，15％to　intemational　AO，

distributed　samples　to　preliminary　examlnatlon，

whose　results　have　been　already　published　in
elsewhere［3－10］．

International　AO：

　　　　Based　on　the　MOU，　JAXA　started　intemational

AO　ofthe　Hayabusa－retumed　samples　in　2012．　In　the

first　intelmational　AO　held　in　2012，17　research

proposals　were　approved　fbr　sample　distributions，

and　more　than　60　particles　were　distributed　to　the

selected　researchers．　Most　of　their　results　have　been

presented　in“Hayabusa　2013：symposium　of　solar

system　materials”held　in　Oct．2013．　In　2013，也e

second　intemational　AO　was　published，　and　l　6

proposals　were　approved　fbr　the　sample　distributions．

So　far，44　particles　have　been　distributed　to　the

approved　researchers．　The　third　international　AO　will

be　published　in　the　beginning　of　2014．

Consortium　studies：

　　　　There　exist　particles　which　have　rare　features

and　should　not　be　allocated　to　one　research　proposal．

Utilizing　the廿action　assigned　to　JAXA　based　on　the

MOU，　JAXA　started　consortium　studies　such　rare

particles　in　2013．　So　fhr，　fωr　consortium　studies　are

undertaken．　The　負rst　one　is　the　largest　part｛cle

recovered　so　far．　It　must　be　fbr　analyses　which　need

large　volume　of　samples．　The　second　is　a　part｛cle

bearing　NaCl．　It　is　the　only　silicate　one　including

NaCl　so　far．　The　key　fbr　this　consortium　is　to　prove

its　extraterrestrial　origin．　The　third　are　ones　which

are　mainly　composed　ofFe－Ni　metal　and　iron　sulfide．

They　must　be　analyzed　fbr　siderophile　elements

abundances　and　solar　wind　components．　The　fbrth

are　ones　including　phosphate．　They　should　be

analyzed　fbr　U－Pb　dating　and　REE　abundances．　AII

the　consortium　studies　are　accepting　Proposals廿om

researchers　until　the　end　of　this　Oct．，　and　then　their

analysis　schemes　will　be　discussed　with　the
researchers　to　maxilnize　their　scientific　gains．
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　［6］］Noguchi　T．
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Pe勧logy　and　geochemisφof　NWA　5480　diogen紅e紐d　evidence　Ibr　a　basin　fOrmi簸g
ev斑t　on　Ve廠．　A．　Yamaguchil，」．A．　Barra～，　N、　Shlrai3，　M．　Ebihara3，　INa’io謝Instl缶te　of

Polar　R．esearch，　Tachikawa，　Tokyo　I90－8518，2Universitる　Eur◎pee㎜e　de　Bretagne，

UB。σ一EU．EM，　CNRS　UMR　6538，　Place　Nicolas　20　Copemic，29280　PlouzanるCedex，
Fm批e，3Graduate　Scho◎1◎f　Science，　Tokyo　Metmpol輌tan　University，　Hachi（蓼i，　Tokyo

I92－◎397．

1扉mε1健¢重i題：

　　　　Ves伍ls　the◎nly　p琉◎ρla琉也挺has　s磁v輌ved

輌ntact　an（l　c◎ns負知tes　the　I）arent　l）o（ly　　o董『　IIED

α《◎ward量te，　Ew嶽e，　D沁ge斑te）m¢民oぴes［e．9，12］．

In　2011DAWN　provided　comp◎sitional　lnfb㎜ation
of　V¢s伍that　matched　with　HED　meteorites［e．g．，3］．

Eucrltes　are　basalts　or　gabbros　tha品㎜ed　the　outer

crust　of　Vesta　crystallized　fをom　a㎜ag㎜a　ocean［e．g．，

4］．Diogenites　are　orthopyrox斑e－rich　cumulates　that

located　in　a　deep　crust（upPer　mantle）or　intrusions

into　　the　　eucritic　　crust　fbrmed　　by　　secondary

vo蓋canism　after　magma　ocean　crystallization［5－71．

Howardites　are　mainly　mechanical　mixtures　of
eucrites　and　diogenites　produced　by　輌mpact　events．

Pe紅ol◎gic　an《l　ge◎chemical　study◎f　I董ED　mete◎r量tes

as　well　as　rem◎缶sens旭g◎bserv3ti◎ns◎f　Vesta

I）r◎v輌de　i簸lp◎r伍nt　clues　fbr　understanding　輌gn¢ous，

metamorphic，　an（至impact　h▲story◎f　pr◎句p捻nets．

Samples　an｛l　Analydcal　tech臓iques：

　　　　We　perfb㎜ed　a　petr◎1◎glcal　and　ge◎chemical

s加吻◎fNWA　548◎and◎ther◎且vine－bea亘ng
di◎9¢砿es撤conlparis◎n．　Poli頭¢d　t旭n　secti◎簸S

（PTSs）◎f　NWA　5480　were　ex聴lned◎挺cally　and

w髭h　an　EPMA　and　SEM　at　NII）R．　P｝aむnum　gr◎up

e1¢鶴Ms（PG8s）were　det¢】随輌ned　by　lCPMS　at

TMU　The　lCP－MS　procedu玄e　was　d¢scribed　m
S垣rai¢已L［8］．

◎bserved　iロm◎sパ量◎genites．　O▲lvlne　re撤s　Mve

chel簸ical　z◎n輌ng　　of　CaO　　near　th¢　　rilns　　（廿◎m

ぴ．◎4－0．08M％缶0．10－0．茎2　wt％）．τhe　CaO　c（）mems

of　o▲lv輌ne　in也¢matτ輌x（0．◎4－◎．◎8　wt％）are　less由魁

th◎se　of　the　rel輌ct　grains（◎．◎6ぷ2　wt％）．

Furthem10re，　reli戊ChrOmite　grainS　ShOw　Chem三CaI

zoning．　Thes¢disequilibrium　features　argue　against　a

deep　mantle　origin　fbr　this　meteor輌te．　Pyroxene　in　the

matrix　shows　no㎜al　igneous　zoning（MgO／FeO，

CaO，　Al203，　TiO2），　indicating　that　NWA　5480

cooled　rapidly　at　several　tens　oC／year［10］．

Fj9　∫．　P姪o斑％9卿み　㎡N微　548θ
色035ε吻o毎嘘β4／多9カカ．0面刀e磁¢九wjnα
刀γア汲εη¢mαmx．

ReSUllts　andl　I）iscussion：

　　　　NWA　5480　is　an　unbrecciated　diogenite　with

heterogeneous　textures．　PTSs　of　NWA　5480　show

large，　irregular　olivine　grains（typicaUy，～0．1mm，　up

to～l　cm）set　in　a　microporphyritic　ground㎜ass

composed　ofpyroxene　pepped　with　small　droplets　of

olivine（30－50μm　in　size）（Fig．1）．　Fine　granules　of

oliv鎗e　are　attached　to　the　edges　ofthe　ol輌vine　grains。

Chr（）翻缶occurs　as　large虹eguiar　grains　as　well　as

ve多y　6ne　strings　or面es（a允w似…面ck）
i斑¢斑垣1y　between　pyroxene翻◎薮vine．　Large
chr◎mite　gra輌ns　con伍韮n　th輌n　irre獅lar　ve輌ns　of

pyrox斑c鍬led　with臼ne　euhedra玉chromite（10－50
μrn　in　size）．　These　textures　indicate　th蹴　the　large

Olivme　and　ChrOmite　grains　were　r¢liCtS　Of　reSO巧）tiOn．

Th¢S¢允atures　are　unlike　igne◎us　cumulate　rocks，

b斑si斑也r　to　impact　melt　rocks，　fbr¢xample　as

◎bs¢rv斑mo’d輌nary　ch◎砿i民s隅．

　　　　C巫P◎斑1鰯◎fpyr◎xene（W◎i．．2En74．75）and

◎套v輌ne（Fo了1．72）◎f　NWA　5480　ar¢w托hiMhe　r題ge

◎fnomla茎di◎ge垣tesワ］．｝｛◎wever，　m司◎r　m桓erals

sh◎w　a　number。f　disequ輌1輌bri雄允a缶把s　that　are　n碗
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皇
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o．ρooo鱗
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　　　　　　　　　　1r　　　Ru　　　Rh　　　Pt　　　況
17∫9．　2　　C力o〃4〆∠〆¢一ηoτmα1元zθゴ　PG』Z　ρζ訂夢¢τη5　1イゐな

wo〃r丸　θη4　ゐ～ノ　〈ゾハ／履　5480　αη《ゴ　o≠んer　∂》θ9εηまτe5

μノノ．

　　　　NWA　5480　co雄ins　a　sign近ca滋鋤ou斑◎f
PGE§ll茎，　th輌s　w◎’k］（Fig．2）．　The　PG£p挺tem　is

un負念act輌◎nate〈l　an（l　p◎輌nt　t◎ac◎登tam輌na日◎n◎f　ca．0、1

M％ch◎限1戯ic　materlalS．
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　　　　The　petrological　and　geochemical　evidence

strongly　supports　that　NWA　5480　is　an　impact　melt

rock．　Our　conclusion　contradicts　with　the　idea　that

NWA　5480　has　evidence　K）r　mantle　shear［12］．　This

point　will　be　discussed　in　the　presentation．　NWA

5480displays　heavy　REE　enrichment　indicating　the

remelting　of　older　ma丘c　cumulates［6］．　We　suggest

that　NWA　5480　was　derived丘om　impact　melts廿om

alarge　basin　of　Vesta．　One　of　the　best　candidates　is

the　Rheasilvia　basin（～500　km　in　diameter），　where

orthopyroxene－r輌ch　materials　were　observed　in　the

crater　floor　［3］．　Petrological　and　geochemical

evidence伽m　NWA　5480　provides　clues　to　the　early

intense　bombardment　history　of　the　parent　body，

Vesta．
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Preliminary　analysis　of　soluble　organic　compounds　in　the　Murchison　meteorite　by　liquid

chromatography／high－resolution　mass　spectrometry．　Y．　Yamashital　and　H．　Naraoka1，

1Dept．　Earth＆Planet．　Sci．，　Kyushu　Univ．，　Fukuoka　812－8581JAPAN．

Introduction：

　　　　Various　organic　matters　have　been　fbund　in

carbonaceous　chondrites，　in　which　water－soluble

bio－related　organic　compounds　such　as　amino　acids

and　carboxylic　acids　are　fUlly　identified　mainly

because　oftheir　great　interests　to　origins　of　lifb　in　the

universe　and　standards　available　R）r　analyses．　The

concentrations　of　these　acids　increase　significantly

aRer　acid　hydrolysis　of　the　water　extract．　The

chemical　structures　of　the　precursors，　however，

remain　unclear．　Aqueous　activity　on　the　parent　body

could　af允ct　the　alteration　of　meteoritic　organic

matter［1］．　In　contrast　to　the　water　extract，　less　polar

methanol　extract　of　chondrites　has　not　been
characterized　well　in　spite　of　relatively　high　content

of　organic　matter　with　the　D－and　15N　enrichment．

Recently，　ultrahigh－resolution　molecular　analysis　on

various　solvent　extracts　of　the　Murchison　meteorite

（CM2）was　perfbrmed　by　electrosplay　ionization

（ESI）　Fourier　transfbrm　ion　cyclotron　resonance／

mass　spectrometry（FTICR／MS）to　revea国卿i負cant

chemical　diversity　to　tens　of　thousands　of　dif允rent

molecular　compositions　having　CHO，　CHOS，　CHNO

and　CHNOS　fbrmulae［2］．　With　the　assumption｛br

molecular　偽㎜ulae　calculation　and　no
chromatographic　separation．　however，　chemical

structures　of　the　compounds　and　their　isotopic

compositions　cannot　be　dete㎜ined．　In　this　study，

we　perfbrmed　a　preliminary　analysis　of　soluble

organic　compounds　in　the　Murchison　meteorite　by

high－per偽㎝ance　liquid　chromatography－mass
spectrometry（HPLC－MS）．

Sample　and　analytical　methods：

　　　　The　Murchison　powder　was　sequentially

extracted　with　hexane　（Hex），　dichloromethane

（DCM），　methanol（MeOH）and　water　by　sonication，

fbllowed　by　hot　water　in　a　closed　condition．　After

evaporation　of　solvent，　each　extract　was　analyzed

using　an　elemental　analyzer（or　pyrolysis）－isotope

ratio　masミ「spectrometer（EA－or　Pyrolysis－IRMS）to

dete㎜ine　the　CHNO　concentrati皿s　and　their　stable

isotopic　compositions（δ13C，δD，δ15N　andδ180）．

Each　extract　was　also　analyzed　by　HPLCMS
（Shimadzu　LCMS－8030，　Shimadzu　LCMS－IT－TOF
and　The㎜oScienti丘c　LTQ　Orbitrap　XL）to　identi取

compound　stnlctures　with　several　LC　stationary

phases　including　reverse　mode（ODS　and　phenyl）as

well　as　hydrophilic　interaction　chromatography

（HILIC）mode（diol　and　amide）．

Results　and　Discussion：

　　　　The　carbon　concentration　and　δ13C　value

（relative　to　PDB）of　each　flaction　are　f、）110wing：Hot

water　extract（927ppm，5．4％o）＞MeOH　extract
（304ppm，5．8％o）＞Water　extract（169ppm，－0．4％o）〉

DCM　extract（141ppm，0．0％o）＞Hex　extract（28ppm，

－ 10．0％o），suggesting　that　most　carbon　consist　of

polar　organic　components　soluble　in　water　and
MeOH　with　l　3C－enrichment．　In　addition，　the　DCM

and　MeOH　extracts　are　more　enriched　in　D（＋665　to

＋680％ovs．　SMOW）and　15N（＋50　to＋98％o　vs．　Air）

relative　to　the　water　extract，　which　is　the　similar

isotope　signature　as　reported　by　Krishnamurthy　et　al

（1992）．　Considering　f士om　the　heavy－isotope

distribution，　the　MeOH　extract　may　be　a　main　carrier

of　more　primitive　organic　compounds　than　the　other

extracts．

　　　　Arelatively　good　separation　and　MS　intensity

with　the　ESI　was　obtained　using　a　HILIC　amide

column　with　an　acetonitrile／ammonium偽㎜ate
buf丘r．　Two　homologues　ofN－containing　compounds

were　dominant　in　positive　ions　f十〇m　m／z　l　OO　to　350

（Fig．1）in　the　MeOH　and　DCM　extracts．　Currently．

these　compound　series　are　assigned　as　CnH2n－4N　and

C。H2n－4N，　which　could　be　produced　by　aldehydes　and

NH3．　No　oxygen　was　incorporated　into　these

homologues　compotmds，　suggesting　a　minimum
aqueous　alteration　on　the　meteorite　parent　body．

Further　compound　identification　and　simulation

experiments　are　needed丘）r　the　better　understanding

of品㎜ation　mechanisms　and　alteration　history　of

primitive　organic　compounds　in　molecular　clouds

and　primitive　solar　nebulae．

Φ
O
⊂
栢
O
⊂
コ
O
栢
Φ
〉
ロ
臼
一
Φ

』三題

弘選

已臼γ1

ir聯
　ii：1°H支N

　　　　　　　　　　　　　　　　　　　　mlz

Fig．1High－resolution　mass　spectnlm　of　dominant

organic　compounds・in　the　MeOH　extract　of　the

Murchison　meteorite．

Ackmwledgements：
　　　　　　シ
　　　　We　are　gratefUl　to　Mr．　T．　Akasaka　of　Kyushu

Univ、　and　Ms．　M．　Yamaguchi　of　ThemloScientific

fbr　HPLC－MS　analyses．

References：
［1］Oba　Y．　and　Naraoka（2009）漉’εor〃．　P1αηeτ．　Sc元．，

44，943－953．［2］Schmitt－Kopplin　P．　et　al．（2010）

1）γoc．　入ねτ1．　ノ4cαd　　5ヒ’．，　10Z　　2763－2768．　［3］

Krishnamurthy　R．　V．　et　al　（1992）　Geoc万沈．

Coぷmoc万m．．4crα，5614045－4058．

一 76一



K－Ca　ISOTOPIC　SYSTEMATICS　OF　ALKAH－RICH　FRAGMENTS　I］N　THE
YAMATO－74442　LLCHONI）RITIC　BRECCIA．
T．Ybkoyamal，　K．　Misawa2，0．　Okano3，　C．－Y　Shih4，　L．　E．　Nyquist5，　J．1．　Simon5，　M．　J．　Tappa4，

S．Ybneda1．　INatl　Museum　Nature　and　Sci．，　Tsukuba，　Ibaraki　305－0005，　Japan．　E－mail：

yokoyama．tatsunori＠gmail．com．2Natl　Inst．　Polar　Res．，30kayama　Univ，4JETS／Jacobs．，

5NASA－JSC．

Introduction：

　　　　Alkali－rich　rock　fragments　were　reported　in　LL－

and　H－chondritic　breccias，　Kr互henberg（LL5），　Bhola

（LL3－6），　Yamato（Y）－74442（LL4），　Siena（LL5）and

Acfer　lll　（H3－6）　［1，2，3，4，5］．　Previous　studies

revealed　that　alkali　and　alkaline　elements　in

Krahenberg，　Bhola，　Y－74442　and　Acfbr　l　l　l　rock

丘agments　are　ffactionated　relative　to　CI－chondrites

with　heavier　alkalis　in　general　being　progressively

more　enriched　while　their　sodium　abundances　are

sub－chondritic（Csα一n。rm＞　Rbcl－。。，m＞Kcl－n。rm＞

Nacl－norm）［1，2，3，5］．

　　　　Highly　enriched　rubidium　in　Krahenberg　and

Y」74442　enable　Rb－Sr　isotope　dating　and
dete㎝ination　of　isotopic　constraints　on　the　chemical

characteristics　of　their　source　materials［1］．　We

recently　reported　a　new　Rb－Sr　crystallization　age　of

4．429士0．054Ga　fbr　Y」74442　fragments［5］．　The

results　suggested　that　the　source　material　ofY」74442

廿agments　could　have　fb㎜ed丘om　mixtures　of　an

alkali－rich　component　from　　an　alkali－rich

planetesimal　or　early　nebular　condensates　and　a

chondritic　component　that　was　flash　heated　during　an

impact　on　the　LL－chondritic　parent　body～4．4　Ga　ago．

Further　enrichments　ofrubidium　relative　to　strontium

as　well　as　a　progressive　enrichment　of　the　heavier

alkalis　could　have　occu皿ed　during　the　final　melt

differentiation　event　on　the　parent　body［5］．

　　　　Because　the　alkali－rich　rock　fセagments　in

Y」74442　and　Bhola　also　show　relatively　high

potassium　abundances，　up　to　20　x　CI－chondrites　and

highly　radiogenic　87Sr／86Sr　ratios　up　to～5［5］，　we

have　undertaken　K－Ca　isotopic　analyses　of　the

samples　previously　analyzed　R）r　Rb－Sr　isotopes．　We

also　report　a　refinement　of　our　Rb－Sr　isochron　by

including　Rb－Sr　measurements　fbr　an　additional　nine

Y」74442f士agments．

　　　　Marshall　and　DePaolo（1982，1989）［6，7］
demonstrated　that　the　40K－40Ca　decay　system　could

be　used　as　chronometer　as　well　as　a　usefUl　radiogenic

tracer　fbr　studies　ofterrestrial　rocks．　Shih　et　al．（1993，

1994）［8，9］determined　K－Ca　ages　of　lunar　granitic

rock　ffagments，　and　showed　the　application　of　the

K－Ca　chronometer　to　K－rich　planetary　materials．

Recently，　Kreissig　and　Elliott（2005）［10］，　Simon　et

al．（2009）［11］and　Caro　et　al．（2010）［12］per掩med

high　precision　calcium　isotope　measurements　using

new　　generation　　thermal　ionization　　mass
spectrometers，　enabling　studies　of　fセactionation

processes　of　alkali－rich　planetary　materials　using

K－Ca　isotope　systematics．

Results：

　　　Over　time，　the　enrichments　of　potassium　in

alkali－rich　fragments　from　Y」74442　and　Bhola　result

in　comparatively　large　enrichments　in　40Ca　relative　to

other　planetary　materials．　Measured　valuesε40Ca

・ang・廿・m　1．5　t・7，　wh・・eε4°C・一（4°C・戸4C・）、ampl、／

47．1583－1）xlO4．　Here　47．1583　is　the　mantle
40Ca／44Ca　　value　　of　Caro　　et　al．　（2010）　　［12］

re．normalized　on　the　basis　of　the　measured　value

丘om　SRM　g　l　5a　of47．1487　reported　by　Marshall　and

DePaolo（1989）．　The　average　of　l　5　analyses　ofNIST

SRM　915a　standard　during　the　course　of　this　study

w・・（4°C・／44C・）915。NM。、－47．16408士0．0040（2・，

error）．　Potassium－calcium　data　fbr　sixteen　alkali－rich

仕agments　ofY」74442　and　one　alkali－rich倉agment　of

Bhola　were　obtained．　Theε40Ca　values　are　shown　in

Fig．1．　Also　shown　in　Fig．　l　are　the　variations　in
ε40

Ca　ofother　planetary　materials　reported　by［11，12］

on　a　scale　where　Earth’s　mantle　isε40Camantle＝0．　The

K－Ca　data　of　the　Y」74442　fテagments　yield　an　age　of

440土0．36Ga（2σerror，　n＝13）品rλ（40K）＝0．5543

Ga－1［13］with　an　initial　40Ca／44Ca＝47．1602土

0．0039（2σ）using　the　Isoplot／Ex　program［14］（Fig．

2）、We　excluded　three　data　points　（，121－5　，130－7

and，130－ll）from　the　age　calculation　of　Y」74442

廿agments　since　they　apPear　to　contain　some　amount

of　host　material　and　showed　large　scatter．　A　data

point　of　the　Bhola廿agment　deviates　downward　by

－ 1．5　ε一units　ftom　the　Y二74442　isochron，　and

apParently　renects　a　later　event　on　the　LL　parent

body．

　　　Asimilar　but　more　precise　age　of　4．420±0．031

Ga　fbrλ（87Rb）＝0．01402　Ga－l　with　an　initial　ratio　of

87Sr／86Sr＝0．7203±0．0044　was　determined　after

combining　the　Rb－Sr　results　from　nine　additional

Y」74442f㌃agments　to　the　nine　previously　reported

data［5］．

Discussion：
　　　　Arefined　value　fbr　the　40Ca／44Ca　ratio　of　the

alkali－rich　source　can　be　obtained　using　the　more

precise　Rb－Sr　age　of　4．420　Ga．　With　this　age，　a

model　initial　40Ca／44Ca　ratio　of47．1597　is　dete㎜ined

廿om　the　present－day　40Ca／44Ca　values　of　the

廿agments．　Then，　using　the　initia140Ca／44Ca　value　of

bulk　silicate　earth　at　4．568　Ga（40Ca／44CaBsE＠4．568），　a

source　KICa　value　of　O．27　fbr　the　Y」74442　fragments

can　be　obtained，　although　the　associated　error（士0・19，

2σm）is　large　due　to　the　narrow　range　of　40K／44Ca

ratios．　If　we　adopt　this　value　as　the　source　K／Ca

value　fbr　the　Y－74442　alkali－rich　fヤagments，　it　is景）ur
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times　larger　than　that　of　the　LL－chondrite　parent

body　（K／Ca　＝　0．061，［15］）．　These　results　are

generally　cons輌stent　with　the　Rb－Sr　systematics　of

the　f㌃agments，　and　suggest　that　the　potassium

emichment　may　have　also　occurred　in　the　early　Solar

System．　If　the　parロt　melt　had　calcium　and　strontium

abundances　at　4．420　Ga　that　were　chondritic，　a　KIRb

ratio　of　the　precursor　material　is　calculated　to　be

～ 100，which　is　less　than　R）rty　percent　of　the

LL－chondrite　［（㎜b）LL．ch。ndrites＝255，［15］］or　CI

［（K／Rb）cI＝235］value．　This　result　indicates　that

mutual　fractionations（i．e．　an　enrichment　of　heavier

alkalis）could　have　occurred　dur輌ng　the　fbrmation　of

an　alkali－rich　component　廿om　an　a玉kali－r輌ch

planetesimal　or　early　nebular　condensates，［5］）．

　　　　　Abundance　ratios　of　potassium　and　rub輌dium

fbr　the　Y」74442　f㌃agments　are　fairly　constant（K／Rb

＝ 4L79，　except　fbr　f㌃agment，130－7），　suggesting　that

血rther　enrichments　of　rubidium　（and　possibly

cesium）over　potassium　could　have　occurred　in　a

completely　different　way　Potassium　and　rubidium

were　selectively　added　to　individual丘agments

without　significant　change　in　the　calcium　and

strontium　abundances．　This　possibility　could　have

happened　during　a　final　melting　event　that　produced

avapor　cloud　enriched　in　potassium　and　rubidium

（NacI－n。rm＜　KcI－n。rm＜Rbcl－n。m＜CscI．n。㎜），　which

condensed　into　a　melt（1ater　glass）phase．

　　　　　The　K二Ca　systematics　of　the　Bhola　fragment

seems　to　be　somewhat　dif民rent　f｝om　the　Y」74442

丘agments，　suggesting　that　a飾㎜ation　process　of

alkali－rich　fragments　in　the　two　chondrites　might　be

similar　but　represent　different　fractionation　events．

Assuming　an　Earth’s　mantle　initial　40C♂4Ca　of

47．1583　［12］　and　an　initial　87Sr／86Sr　of　O．69889

（Allende　initial，［16D，　K－Ca　and　Rb－Sr　model　ages

fbr　Bhola，1806－2　are　calculated　to　be　4．19　and　4．33

Ga，　respectively．　Bhola，1806－2　also　is　d輌f丘rent廿om

the　Y」74442　fragments　in　terms　of　its　strontium

content（Sr＝4．09　ppm　and　thus　Rb／Sr＝22），

implying　that　the　Bohla盒agment　could　have拓㎜ed

at　a　dif琵rent　time　and／or　have　been　derived　from　a

precursor　with　dif允rent　proportions　of　alkali　and

chondritic　components　compared　to　those　ofY二74442

丘agments．　Nevertheless，　f壬act輌onation　processes　and

precursor　components　of　the　Bhola　fragment　are

considered　to　be　almost　identicaho　those　of　the

Y」74442fセagments．
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Fig．1　Variation　in　40Ca　fbr　a　range　of　meteoritic　samples　and

alkali－rich　f㌃agments　in　Y・74442　and　Bhola．　The　data　are　fテom

（Caro　et　al．，2010［12］；squares）and（Simon　et　aL，2009［H］；

diamonds）．ε40Ca　shows　the　deviation伽m　the　Earth’s　initial

COmpOsition［（40Ca／4℃a㎜pl，／40Ca戸4Camantl。－1）x104］，　where

the　40Ca／糾Cam加tl，＝47．1487廿om　Marshall　and　DePaolo

（1982）［6］was　no㎜alized　to　NIST　SRM　gl5a　40C訳Ca＝

47．1526［ll］，　and　then　all　d誠a　were　no㎜alized　to　SRM　g　l　5a
40Ca／44Ca＝47．16223［12］．　Well－defined　excesses　of　40Ca，　with

regard　to　the　initial　Solar　System　value　are　observed　in　the

alkali．rich什agments．
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Fig．2　Potassium－calcium　isochron　diagram　fbr　alkali－rich

igneous　rock　f士agments　inY－74442．　Thirteen　data　points

define　a　linear　array　corresponding　to　a　K－Ca　age　of　4．40士

0．36Ga（2σenlor，　MSWD＝7．6）fbrλ（40K）＝0。5543　Ga皿▲

［14］with　an　initial　ratio　of　40Ca／4℃a＝47．1602圭0．0039

（2σerror）using　the　Isoplot／Ex　program（Model　l　solution，

［豆5D．　The　inset　shows　deviations　of　40Ca／‡4Ca　in　parts　in

lO4（ε一units）fbr　Y－74442　alkali－rich　fねgments　relative　to

the　best－fit　line．　Bhola（LL3－6）廿agment，1806－2（solid

square，　blue）is　plotted　fbr　comparison．
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