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Hydrogen ion irradiation of various minerals simulating the space
weathering.
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SEMEZRZETId. olivine. enstatite, spinel, pyrrhotiteldBB5t210'%ions/cm?, forsterite, corundumid10
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Irradiation experiments on CM chondrites: To estimate surface
textures of the returned samples by Hayabusa 2
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Introduction: In 2020, Hayabusa 2 spacecraft will return the surface and sub-surface samples from the
asteroid (162173) Ryugu, a C-type asteroid. We will have an opportunity to investigate pristine materials
from a C-type asteroid. Because CM chondrites contain solar gases and because most of they contain
abundant subangular mineral and lithic fragments, they are regolith breccias (e.g. [1], [2], [3] and
references therein). Although solar noble gases are restricted to the clastic matrix [1], [2], textures related
to the solar wind irradiation and/or micrometeoroid impacts have not been identified among CM
chondrites. Although there are many spectroscopic studies of CM chondrites (e.g. [4]), only a few studies
are focused on the textural changes related to the micrometeoroid impacts and solar wind irradiation on
CM chondrites (e.g. [5], [6]). In this study, we performed spectrum measurements, micro-petrographic
study, and C Ko X-ray absorption near-edge structure measurement of irradiated CM chondrites. These
studies will serve to understand the space weathering on the surface of fine-grained Ryugu grains because
it is highly likely that space weathering will be found on the surface of Ryugu grains.

Samples and methods: We performed irradiation of 4 keV He" ions on Murchison CM chondrites at
Takasaki Advanced Radiation Research Institute, Japan Atomic Energy Agency (TARRI, JAEA). The fluences
are 5x10'"%and 5 x10" He*/cmz, which correspond to “10%- and "1 03—year irradiation at 1.1 AU (the
averaged orbital radius of Ryugu). Reflectance spectra of the irradiated surface were measured at JASCO
Co. Ltd. by using JASCO V-670 absorption spectrometer with an integrating sphere. The irradiated
samples were observed by field-emission scanning electron microscope (FE-SEM) at JAEA and Kyushu
University. We observed the samples by using 2 or 3 kV acceleration voltage to avoid structural changes
during observation. Thin samples were prepared by using scanning electron microscope-focused ion
beam sample preparation machine and low acceleration voltage Ar milling machine at Kyushu University.
They were observed by transmission electron microscope (TEM) at Kyushu University.

Results and discussion: Reflectance spectrum of the sample irradiated by a fluence of 5 x10'® He" does
not show remarkable difference from the spectra of an un-irradiated sample. By contrast, a broad
absorption from 0.7 to 1.4 wum, related to the absorption by Fe-rich serpentine group minerals, is
disappeared in the case of the sample irradiated with 5 x10'” He™. These data suggest that 1000-year
equivalent solar wind irradiation gives an effect on the shape of reflectance spectra, which is similar to the
effect by dehydration [4]. There is no remarkable difference in surface morphology of the sample
irradiated by a fluence of 5 x10'® He" from those of un-irradiated sample. On the other hand, the sample
irradiated with 5 x10'" He" shows blistering on both matrix and chondrules. The surface of fine-grained
matrix has a “30-nm thick amorphous layer. In the amorphous layer, a small amount of nanoparticles is
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observed. Their 0.2-nm lattice fringes suggest that they are nanophase Fe’. In the case of the sample
irradiated with 10'” He* has “60-nm amorphous rim containing abundant bubbles (blistering), which is
especially remarkable in cronstedtite-tochilinite intergrowth. Just below the amorphous layer, both
cronstedtite and tochilinite show sharp lattice fringes. The amorphous rim contains abundant
nanopatrticles is observed. They also show 0.2-nm lattice fringes, suggestive of nanophase Fe®. This result
is consistent with [5].

References: [1] Nakamura T. et al. (1999a) GCA 63, 241-255. [2] Nakamura T. et al. (1999b) GCA 63,
257-273. [3] Krot A. et al. In: Meteorites and the early solar system Il, pp. 679-712. [4] Hiroi T. et al.
(1993) Science 261, 1016-1018. [5] Matsuoka M. et al. (2015) Icarus 254, 135-143. [5] Keller L. P. et al.
(2015) LPSC 46, Abstract #1913.
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Abrasion experiments of quartz particles simulating the regolith
abrasion on airless bodies: change in their 3D shapes
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INREA MATPREORAMNSHEIIRZ AL TY ZRFICIFT Y VORAWVWRFIAREI N, EBHEFEHLE
oI ENMERINTVLS (1,2, KREDRAEDFELBRVWREICE TR FOEFRTIE, EEICLUNTF
BALABNEIMVENHD, 1 NATTIK, HFESHE2E5 L2708 E L THERER CMEI /o
ERICE ZIR[1]PYORPHIR, A NBIRENBIFLINTVWS, AARTIFRNFRALAIITNH =15
B, EDEDICRFEEDOHRPIT Y DOMRKILEILT 2HEBALMNCIT B0, BEREERETR T,

ERIE, AERFEAVT, B8 (ZHSBH: SILFE—Xvavh—) IC&VUTo7=, BHEIZEEYH
AEHCIFIFEAEEENTVLARVLS, DPALABPIEARECAREDERELFSL. TEDOH VY TILERSIC
EFETEDI LML, AARTIFAEREEAL, BESHLAEER (1Y NE) OBEREBEASIKLTHR
L. 1-2mmORFAEERICEWRBLEZ, TORFHN6S5gE X/ Y (AEBMEROESRE) Hordks (10
ml) ICFTERIME0% EDD LD ICHAL, BERFEANTICE TR 24D CEEEF % 1T\, AL FRLTHER

E5&5ICL7

AT TIE, 2ERDERR AT o7z, REBR1TIE. FEDLEREE (1500 rpm, 2500 rpm)IZH W TE % 72
BRI (59, 309, 1209, 1809) TCERERETHR 272, TNFNDERRICDOWVWT, BEICLWERSINH
(250 umU T ORI F)EEFICK WIBRIL., ERIIBRONFOEEDENSHODEEE KO-, BEREZIT/HF
DOHFRHSEIEAISEAZTIS0EU EDOR FO 3 XTIk E., RIEXREOXEFCTREICL VR LL(BERE
140kV, BT M4 X 14.5um), RER2TIE, FBLALIEEOAE (KKE. FKE. BKR) BEZE0E
L. &28F (1-2mm) ZEROARNFIEE R, EBR1 (AL 2BEOOGEEICHS VT, BEREN 1
2. 54, 1043, 304, 604, 1204, 1809 &A2 LI ICERET>/-. ThENEEEIC. EBAT%
BRYHLT. 2D 3RITEEASPring-8 BL20B2D Y A 7 OX#RCT2=H W TEIEEE TR D= (25keV, BEiRY
A4 RX2.75um) B LR FIXERE. A/ OUBHRICRL. BEYA7)LEBRYIRLT,

BxDHRFOCTEIREL Y., K&, REBEERDDEEHIC, Fv UNR—EZBLIUCBEAKELLRICEY 3E@ER
k&, 3EHLL. angularity GELIERAEIE/RIFATE) . sphericity (R FREE/ELEAFHELERE
1) &K, EER2ICAL TIE. CTEDSIDEE AR L. B2 DHFD I RTHRELERD, E5R
1, BER2EHIC, BEEEBICERICL 2HMDERESD & Usphericityl$BINL. RFDEFE. |
&, angularityl&iBid Lz, 25 DEDZE{LEEsphericity %R T2500 romDAH1500 rpmk Y K&
Motz, Floo ZTOERIIERMABRERD) SI0DEBETRE R L, —AH. FHE38EICEAL TE, &£
BR1ICBVWT, 1500 romTIEFEMRZBL THIFE A EEELABWVWA, 2500 romTIFXIFEH 3ELEAKE < 4R
% (ZSAMICA?) EANrE SN, RE2TIE. B4 DRFOIMLEOELOLAHIZZFNFRERY ., £
ELTERTVICESNZ LD BRIHMETILOEENTENSE Z &M o7,

EEICEYRBLEEx DR FHROEBZEELSIE. 2500 romTIEEICHFOIY O RIFBZ EICE
YU, 1500 romTIRE T Y JIKIFEAERIFTICHRAICTURD Z &ICLY. TRhETNERIETT S 0D
Dol CEEEDEWICLZSEIDFERIF. COLIBERTOERDEWILYEHATES, 1 AT
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[1] Tsuchiyama et al. (2011) Science, 333: 1121. [2] Tsuchiyama et al. (2016) 4t Symp. Solar System
Materials, abstract. [3] Connolly et al. (2015) EPS, 67: 12. [4] Tsuchiyama et al. (2017) JoGU, abstract.
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Detection of CME components of solar wind noble gas from DOS
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BLOHIC: KIGRPICEFEINXBGREBRE AR L. XGEE%ZRAETZ N —H—E LTERETHB.IE
F. NASAICK BXBREY Y TILY 4 —VETE(GenesisI v ¥ aICKUEFBR LN KGRBHAROFEH
ABREHAEI S, UVL—H—T T L —2 a3 ViEREDFEHRABMEDITICE > TRBRATE - BALEERYP
ZODRBEEHNH/E TN T S (e.g. Heber et al., 2009; 2012). XIFERBHARH 5 XG5 EEEBHASMNICT D E
TEERRA Y ME. KBERFOERFOBODIRILF—EBHINEFRREDOBETHY. ZhdIZHB
FEHEARNOE[MOHEE L TRESNTWVWS.LALANS, KBRDZENRINNS WD, FHRADRERSHH
EEDHIEINE TORTFETIKEAS AT > TULRL,

BEE, BUNEEBOREARABMEES AFELONERIBIE2EEE L TEAKF / ZO—7 (LIMAS) HBIH
Eh7z(Bajo etal., 2015).LIMASIE, BRET T A ML —H— (RNT—FE: "10°Wem?) Z2BVWT LY
RIAF b %EITS ZRPMRFEE D2 (SNMS) D—FETH 5. Genesissh R D KiGEARLRHeDEX A

BofEIE, LIMASICK 23RS ABEDITICE URESN/z(Bajoetal, 2015). LA LAHNS, JOFEERH
(CME) IC& R ENABI XL F—HeliFORESINDZERE (3 x10'8 atoms cm™) HLIMASH > 7L
FrUN—HNOKEBHeHA LWV EBOLNZEESRELRAFOAET I TH 7. LA > T, HARLFEEMEE (5120

nm) DHe, DX UCMER FHAHERTEZLANILOEBEELRONIEMISINTUVWAL . ZFI TEMRET
X, LUBRE - K75V I0FHRAMEEI AR ETOOOREEORAREET o 7.

EERFE : AR TIE. Genesishy TN 4—VICLUEBRONZERDS S, SIEEEICTEIL
T77AN—HRY T4 LEI—T1 VYL (DOS) ABEH YT E LTRHWERY VS —RERE L
T. 15keVD*He% BB4F L 7=DOSE %I (He-DOS) &27keVD**Ne% B85t L 7=DOSEH L (Ne-DOS) . FEEB4
dDDOS:H#E (Blank-DOS) #AEL 7-.

LIMASOAHTEREICDOWTIE, FTINEREMBEZRAVT, 7249V —AFVE—LDER%E1.5 umic
tyF4 I LE He DBAEKIZTI00EICEEL., 1 F V5 —MEAW, HeDIHFEA +V TH 3 '°C &[R4
Lz, YV TUF v oNRN—AHNOEBHe ZRET 27010, KUHEHRAHIEEDEWNA A VRV S
(Agilent Vaclon Plus 500 (StarCell)) =& A L 7=.

KIGEEREH ARMEEZRE T 272DDRIAADND T R4 —4E1EE£20 x30 umIZHZEL. ZOHID
o EBRTT—49 & LTRW:.

LIMASIC&K 2772707 7 1 )Vi4. RFEDEMEE (Asylum Technology, MFP-3D-BIO-)) Z#RWT, ¥
L—%—FRERIE L.

_RR : FEBMEEIDHeREEBajo et al.(2015) & LB L TIHIM LA L7 (4 x10'7 atoms cm™®). Z D
R, KERERHeMRE #SREICITO &M aEs A Y, CMERIFRENEEICHEST 2100 nmLUEDHe I F
DEREHRIFALIMASTHIO THERS M. & 512, FEHAEADH TIRAO T &R 25 ABARFE NeE A ADIRE
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Time-resolved analysis of shock-driven structure transformation of
forsterite single crystals using power laser and x-ray free electron laser
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FEBAD—ERICIE. TOLILBEBEEMICLK > TRELALBMNASENDOT T, BEHGBAERTERLAER
EOEREEDN., ELXERBOZIRBEINTWEIHBENH D, TORKAID, HIKEIKE D FERILY TH
DhVSVA (RIARR) OFBEHO—DTHY., AV VALV ENITIDEVWEBEEFED, Vv IiovsAa
N IARR) THB, VIO v5 4 MIBEBKEATTIE18GPall L TEREREETH DN, TNETICH
HABEAFRETTERSINHIZRV, K> TEAHRICVWEEELTWSRY Y Iy 5 4(4 NOEROEEIE
2L FETHD, DV TIv 514 NOEKRICEDBREEZEBRNICBRT 2PN TENL. REFRER
DIFECEHER T — IV A EENICTHE T 2720 DEER 2 &N TE S,

Fxld,. TEEREBEICKRBEINLZXBEHEFL —Y % - SACLAICBWT, R7—L—H—TEHEE
BLAANOBEEZRIXIRLOIT Y -V %, BREIRETIEI2EREEDTWVSE, TOFEICK
Y, BREREIN-EROBELENE, EO~T7 1 AN ORBOBETEHRIZIENTE S, £ TE
BICEEND VIS4 NOEREERL DD, BREMINLTFINAT T b (Mg,SiO, MRDA >~
ZVA) DEFENMEGERICESZ TOREARHEIEL THR L, FEDAMICUIWHLEZESIS0umd
ERERICTIOOAAMN SR —L —H—%2BE L T, RESELFEREAGESE DD, XREHF/NY—>0
FRELVBEDEEEB LIz, L—HY—0D/NLARIZAT /BTHY . ZDIRE & XFELIRET DB DRI
B, BEENMEEZFIBT 24T /0H 5. EBRTZOROEERNIFIFRT 212/ ETOME
T, 27/ WRERICEREL, XFELOZ RILF—IE10KeVE L7, XEEDORINEHI200umiZETH B Z &
5, EE50umDERORETAE TR T—HICERLTWVWS, HUOWKKBOMBEICB T2 TERMNAKERTREH S
. LEDRERRICEY., 74V RT54 MERERRNEZECEHEROGBEZFHNT L HIC. HRBECRE
ENORBEECERADZ I EICHO TR L, BRIZT/BUTORVWERERT—ILICEITD YV IOy
1 NEBENDHEEBROREEZRDICRBTEEDTH o7,

F—O—R:THINRTFAM YV ITI9 54 b XIBEREFL—Y— L - —BFELMRE S2EEER

Keywords: forsterite, ringwoodite, x-ray free electron laser , laser-driven shock compression, high-speed
collision
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Remanent magnetization of minerals is very sensitive to the formation and experienced environments
such as temperature and magnetic field. To better understand the formation environments of individual
extraterrestrial minerals, we attempted to apply the electron holography to nanoparticles extracting from
a meteorite. As the result, we succeeded to elucidate a magnetic structure of framboidal magnetite, which
has been aligned periodically in three-dimensionally and proposed its formation process in a parent body
of the Tagish Lake meteorite [1]. This method will allow us to reveal formation temperature of individual
tiny minerals in the solar nebula and precipitation temperature of individual minerals during thermal
aqueous alteration inside a corresponding asteroid. More resent years, several reports about
paleomagnetic studies of meteorites has been reported [e.g. 2]. Here, we will show our present
approaches to visualize the magnetic structures of individual extraterrestrial minerals and to constrain its
formation environment, which was not unveiled by conventional paleomagnetic studies using a bulk
mineral.

[1] Yuki Kimura et al., Nature Communications, 4 (2013) 2649.

[2] J. Bryson, et al., Earth and Planetary Science Letters, 388 (2014) 237.

Acknowledgment: This work was supported by a Grant-in-Aid for Challenging Exploratory Research from
KAKENHI (16K13909).
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Keywords: Electron holography, Remanent magnetization, Transmission electron microscopy, Tagish Lake
meteorite, Magnetite, Aqueous alteration
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A MADKRIFREOY7I/700 7L —49—DEESH
Properties of submicron craters on Itokawa regolith particles

WA, RANE AKX HE"?

*Toru Matsumoto', Sunao Hasegawa1, Hisayoshi Yurimoto'?

1. FEREMREM. 2. LEEXE
1. Institute of Space and Astronautical Science, 2. Hokkaido University

FEMH NEPRE] &, SBEUNKEA NADRKREBOL I Y (IR OB)IS, MEASEI IOV A—|
IWEEEOAREZIOMAFEBUILE[1], 4 MATRENDNREERIZ. 7L —9—FER[2LT) 2DFKEH
3], NBREREDIARY MLAZELT Z2FHERLICEFS LEA5EHRAMENTVWS, D), NNEES b
AT DOMPEEACKEAVEOKEXKEZEMR TSI LT, NEERBICBWTKRARRT—IILTREI 2EHRAR
BT BEIEIIEETH D,

R REAER L AR FOREICIK., BRERICGERTZ2H 7370014 D7 L —9—EENRD
Mo>TW3B[6-8]l, INHEDVL—4%—Id, BROLNZBOBHNFREAICEFRLTRDOMN >k, 2D EPY
L—4%—0DFiE - BEELNL., IN6DIL—9—E. 1 NATREANDNKEFREICZEL > TE U ang
FEOMANFREICERZ L TR L. ZRMRIL—9—THsEHAINTWS[7,8], LML, INETH
EINEHHRFREDI L —9—DEBIEHITH24ETHY ., RESNELZIL—9—DFEPCDHELI MAT
MR FLAEORFHERRLTVWEINE D NI TER W, ZITAMETIE, EEREFEMBELZAVT, &
BOA MO FREZFHERL., 2ROV L —9—0DWE - 2HDELEH LTI ET, ThoDERE
LS IR s Y

AR TIE. 10umH»5200um DKRE DA FI4EICHT L TERAZ1To74, MATFOERIZ. FHERZE
RMF L —>a VERICERESNETNEFHEMEE(HIISU6600) 2 AWTITo 7, 2kVICIIRSNZE
FiRZE>T. BNFRADBEZE T COIREFREARZITo~, MNFREDIMEOREEIZ. TRV
F—OBBEXIED KD ITEE (X-Max20) = AW TITo 7=,

BEOFBER. WINE80umULEDKRE T DD DHMAFDRMEIC, 10 nmH 5700 nmIBEDKE DY
L—4%—%B#FH L. INOSORFIFEARLZ80uUmMULEDKRE X DHMMFDNI0%E HHE, TNETNDM
PFREICIOME-T00EREDI L —4 —%MHER LT, 7L —4%—) LHREFICAMMEF>THY. BL
JYRRFRAETHERINATWER Y T7I /0 YA DI L —9—DHEQIERLHUTWVWS, 3DDWHFR
HODHA00BD I L —9—DH A X - BBESHEND, JL—9—%ERLIEBRMOI7Zy IV REHEL
fco TOR. VL —49—DERTIERIFT1000FERELZ. Thid. JL—9—DEFEET WA FREIC
E. ABE IMERAICERE LRI THZTY Ry —EENREL TS Y. TOMRBEN10°FRE L #
EINBZEICKB[5], KODIEBEYDIZY IV R%, A NATDEETHZ1AUNST.5AUDEEFE TORKRE
BESYAMNDIZ7ZSYyIZRETIVO0. BLOYROYTI/AVHAXDIL—9—EMEDTZv IR
Ol L7z, R, ROLBEYMD ISy I AL, BEBYRAN ISV I RICHKRTEWMEETRL, BLD
D2ICHIFTB 7Ty I REAEWMEERLIZ, BLOYRIZEWT, Y7201 XDI L —9—IF, BE
BEY A NDEFENARER TR, TRHAFERICK > THERSINATREEN SVWEZZ 5N TWS[8], 5O
DFERIF. 1 bATICBWTHAL T RARICZREED’ELRRFETHZ I EERLTHY., KROBRVEK
ERMIEWVWT, TROBEFRIHTI/ QYA DI L —9—FERICBVWTEELRKREEZRZLTWSE
HEIN 2,

[1] Nakamura et al. (2011) Science 333: 1113. [2] Michel et al.(2009) Icarus, 200(2), 503-513. [3]
Miyamoto, (2014) Planetary and Space Science 95: 94-102.[4] Hiroi et al. (2006) Nature 443(7107):
56-58. [5] Noguchi et al. (2014) MAPS, 49, 188-214. [6] Nakamura et al. (2012) Proceedings of the
National Academy of Sciences 109(11) E624-E629. [7] Matsumoto et al.(2016) Geochimica et Cosmo
chimica Acta 187: 195-217.[8] Harries et al.(2016) Earth and Planetary Science Letters 450 : 337-345. [9]
Morrison and Clanton (1979) LPS X, Abstract pp.1649-1663 [10]Jehn (2000). Planet. Space Sci., 48,
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F—7—R:LJYUR, NRESAMLD, FL—%9—
Keywords: Regolith, Asteroid Itokawa, Crater
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XEREIT/NIL I BFTRICE 5CO3T Y RS54 MDY & B R
Application of an X-ray diffraction method to polished thin section of
CO3 chondrites: Mineralogy and thermal history

"SR B, hRE B
*Naoya Imae'?, Yoshihiro Nakamuta®

1188 - Y RTLMBREE EIBARA. 2. WINKEBEHEBME. 3. BERRKERKE
1. Antarctic Meteorite Research Center, National Institute of Polar Research, 2. Kyushu University Museum, Kyushu
University, 3. SOKENDAI

IE &I

AERAOXRERT—YIEZTDXF v+ 309 )E—2avIicEWTHD, EBETONEZNZEMEICL A
BEHELEPMAICK 2 X BHMEKICE D2 F v 509V E—Ya v 3 MITH S, LBHNASIC. BEHA
ERABDEIITRL, SHILEENBEREBRIENTE S, ZOFEEAWVWTCO3TY R4 MDY
FHRR & BRI 21T > 7,

EER

FRALEXBROFEEIL) H7E8DSmartLabT, TcmiBDRFHIRR Y v b EFERL. HESH %
100rpm THEHMAEER L TZOERIHICXIRZ H T T, MARXIRLOF/ NI -2V Z2RiE L7, CuUKaiR(EERE
40kV, BEEFR30MA)ZH W, CO3TY R34 M 10RHOMEER T, BAREYTIM1 TE. e
. ALH77307 3.03, Y81020 3.05, Colony 3.0, A881632 3.1, Y791717 3.3, Y983589 3.4, Lance 3.5,
A882094 3.5, ALH77003 3.6, and Isna 3.8 T %,

EREER

NMALARO30)DE—JIEY TH 4 TH38TIRE—E—ITHZHD, 3.6UTTIEE—IM2DICRT
Dy hd2, Thid, BARALNTRN) Y IR EZEBKT IHRICECIALAART. @AY RY) 1 —-b(FE
LTIBYD 7 2 AT T4 MERDISEVWHIASABICHET 5, TNODEERBEY T4 1 7 & OREICERRE
REFAIEDOLNG, I5IC, INODR Ty NLAEBSBELOY T4 T DHEEERS &, CO3.00
HHOEEINSIE TN TMg/FermL, ZNIZCO3.0DT MY v I RICTEILT 7 AFNZWVE WS RE
(Howard et al., 2014; Bonato et al.,, 2016) & B ET 3, 5 LERBHAREZEERIIBRENTBORELRARMRL
TW3, DALAAFTDME-FeTtRILAMERICE Y 74 AT T4 NRDIA L ARBDHRF(EHRFER
50um)DIF(EAHAADEKICEONALARICELTZEEZZIENTES, LEN>TEAIIE. DMALAR
DFe-Mg DL ERRE & MR Y 5. 27U v b LERRDMELL(,, /I )& BAFKETIVERITIC L Y FIRE
(Vye/Ve) EEEDIITE 2, ZORER, BELALINRE S, BRIV RS54 hDOMg-FelflBUTEE 21
ZHEELEERTDE. BREOESEEREIZX620-900KEKRFEF S, ZDFERIL. Schwinger et al. (2016) & 2
BMTHD, I5IC. ZOBBRFENSCO3.0DTEILT 7 AEDE— RIF11-22% & KFE 3,

STk

Bonato E. et al. 2016. 79th Ann. Meeting. Met. Soc. #6466.

Howard K. T. et al. 2014. 45th LPSC #1830.

Schwinger S. et al. 2016. GCA, 191, 255.

F—O7—F:CO3TYRZA b, Fi¥F. BB, XROF. 7EINT 7 REEIE
Keywords: CO3 chondrites, mineralogy, thermal history , X-ray diffraction method, amorphous silicates
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BEAEHFDOIY RY 1 —ILEBEDADZE DIBERE
4D in situ observation of formation process of chondrules

‘g EZ b RAm . EFEN
*Masayuki Uesugi', Kentaro Uesugi', Masato Hoshino'

1. ABEMEEASEEARERREY 5 —

1. Japan synchrotron radiation research institute

Chondrule is tiny rocky spherules around Tmm in diameter, and constitutes a large volume of chondrite
which dominates more than 80% of meteorites fallen onto the Earth. Dating studies using radiogenic
nuclides have showed that they were formed in very early stage of the solar nebula evolution, and thus
would show the important step of the evolution of solid materials which formed rocky planets, i.e.
terrestrial planets and asteroids.

Their shape clearly indicates that they were solidified from molten droplets. However, the formation
process of them, such as heat source and thermal history, precursor material, formation region in the early
solar nebula, are still unknown.

In previous studies, several heating experiments for the reproduction of their characteristic textures were
conducted. However, complete reproduction of their textures has not been succeeded yet. One of the
difficulties is that growth process of crystals inside the chondrules is difficult to observe. Silicate materials
melted above 2000K emits strong radiation. In this situation, phenomenon occurred inside a few mm
sample is difficult to observe with high spatial resolution by visible light.

In this study, we developed a new devise for in situ 4D observation, 4D means 3D + time elapse, of
crystallization process of chondrules using synchrotron radiation computed tomography, and conducted
heating experiments of analog materials. We show preliminary result of the experiments, and discuss the
problems of heating experiments of previous studies based on the results obtained by our new setup. We
will also show future plan for our investigation, and also show the possible heating experiment for the
chondrule formation using the system.

F—O—R:aYRYa—-b, ZOFHEEMBEER. 4D-CT
Keywords: chondrules, in situ observation heating experiment, 4D-CT
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RA7OXECT - FIBY ) 7o >a=—viaBWelvunalBED Y b
) U ADIRITIEBEERER

Three-dimensional structure of matrix of the Ivuna meteorite using
micro X-ray CT and FIB serial sectioning

el ' B =E = hE T b XS TR RAS Bl BT FEE E—
*Akira Kitayama', Akira Tsuchiyama', Akira Miyake', Tsukasa Nakano?, Kentaro Uesugi®, Akihisa
Takeuchi®, Akiko Takayama1, Shoichi Itoh'

1. RBRFEFNMIRREN IR M E LU LRI B, 2. EERMHB AR, 3. SPring-8 AR EIEANFE
EXRZHRREE 5 —
1. Kyoto University, 2. AIST, 3. SPring-8 / JASRI

ClIavy RZ4 ME. NILZHEBRHIEBERETREZBRVTRBAIOEZER EFELUL. XBRTREBEMNL
FEBATHY [1]. FEHEICHBVWKEEREZZITTWS, YMN) 2 REBEBRERIBICEVEBRIN, YT R94
M. BEY. REBIECHREBIER SO FESATWS, BRERBIEICIE. Y—RVFa4 VY EHRFTA bD
SRZBRBEDE, Y—RVYF14 Y, Y RFAMETZUNA RSA MDLRZMHLEDDH B2, &
oo CIAY RSA NIERZERZE DERDERLEZEDTH S, IvunalBEDSEMZ B WRIC &

Y., BESICED W TARBEDEEIR#MINTWS[3], —A. EHOCIOY RS 4 MIDWT, SEME
TOF-SIMSIC& W< b 7 ZDOMEEELFMRICEDVWTSBEDERICOEIN. ThEHDERE - KEERE
TILHREINTWB[4], ThTNOEEIIHATERRE#BEELTHY. TOFHMR I RTEEELHALH
ICTBHZEICEY, HED2RTEETIEDD SR > 7BER (FIZIEERRE) 515, KELKRAMORES
WEL, TLKEZRTOERAOFME (HIZAIE. REOBHAELE) 2BRETEZI I PEFINE, 20D
e, KR TIE. XEBCTEFBERAAVYE—L)Y )T a3 =V EBWT, lwunaf@EDT MY 2
ZDEZPREE 3 RITBEERR Z1T > 7,

AFFETIEEE. FE-SEM/EDX (JEOL JSM7001F/Oxford Instruments X-Max" 150mm?) % F L\

T, unalBEDEHOERICOVWTZDY MY IR - SR FOFMRAEBEBERE TR - TvEVY I &
107 TORRICEDVT, ZDOIBD—DDEHKHSFIB (FEI Helios NanoLab G3) IC& YR DY~ T
U (C25 um) EEIYHE L. KBRS SEHEERSPring-8MBL4A7XUIZ & L TSIXM (Scanning Imaging X-ray
Microscopy)[5]%& FHE W TXIRCTIRE #4170, #9100 nm/BEFETZE D 3 RTHEEE B/, RICZDH Y TV
LTFIBIZ&K 22U TItEI>a=Vy &FE-SEMEIER (FEl Helios NanoLab G3) %7 2 &iIc&kY, V7
ILD—EDIEEICDWVWT & W EDREE T DERM A BSEGR % BfR40 nmTE 7=, TN 5D 3 RTCTHRESEME
HMOEFREBITAZTWV. ¥ MY I ROBRYCIEYIRFORKREHE L7,

SR DSEMERE - EDXAICE Y. TOERDY M)V REMGICEH. & L THITHE L -BIRER
B (185950 nm, K500 nm) HoRZZERDD o7z, T, TR Y4 b, EO—94 . NiZED
MEBIIYN F 220N, REBIELMITIR SNV, INSDRFEHIE. LITMRIBIOEE I (RBEAZIFE A
EEFTHBIENTEM)IC, LITHRER[4])DEECGA(Coarse-grained phyllosilicate aggregate) iC i L T W
5, ¥, MY I RIE MgICEDBIRERIE 2 FellEORBRERENETRY B 2 XThlICIFERRICHAZ D
B umonPik (LLBEPC: phyllosilicate composite & FER) D575 2 Ebhh o7z,

CTI&ICIE, PCEIFI TR, Y7294 NOERER (W1x5 um) PREMPABERRE LI-ZEIR
Bz, NRAERKOER ($3x1 um) & ZOAELILEO—49 4 k2 WEREBIEIER L 2IRIT%
BRTHDEDEEZLOND, YUTILEIDaZVTICKBSEMETIE, PCYPY T R4 4 NHBEBRICEREE T
ZDH, ERICIEZANY I SINIYEHLIBHRBL THYSEMEDH TR & FERBMTERL, PCIEER
SEMIRIC & > THIEATAET. 2D 3 RTHRIEFRALIERERTH S, PCPY I 294 MEROBRARAIZS
VHLTHY, KELEHEICHEELREDOBIILAN>-EDEEZIONDG, £/, Y7370V OHMAL
MH 5 WNMNIFEREERIBEOESEIBVWKEERFAEZITT. PCEEHRELTOY M) I BB IEHR I
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ZDHhE LNV,

[1] Anders and Grevesse (1989) GCA, 53: 197-214. [2] Tomeoka and Buseck (1988) GCA, 52:
1627-1640. [3] Endre 8 and Bischoff (1993) MAPS, 28: 345 (abstr.). [4] Morlok et al. (2006) GCA, 70:
5371-5394. [5] Takeuchi et al. (2013) J. Synchrotron Rad., 20: 793-800.

F—I—R:ClIAv RZA ~ KEEK
Keywords: Cl meteorite, aqueous alteration
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RIRMIRKFRE DY K54 MAcfer094< b U 2D 3 Roids : IEREHE
B2 1R DIRFR

3D structure of primitive carbonaceous chondrite Acfer 094:
investigation of amorphous silicates

ik ERF . LI B WA EL REEh =R B BAB. TR RS hEF F°
LNy AODIET7F=AE SvelHS5?

Aiko Nakato1, *Akira Tsuchiyama1, Megumi Matsumoto?, Junya Matsuno1, Akira Miyake1, Kentaro
Uesugi4, Akihisa Takeuchi*, Tsukasa Nakano®, Epifanio Vaccaro®, Sarah Russell®

1. ZAWREARFE EZMRAR MEKRERFER, 2. HMFRE HREBtEV9— 3.0Y N EALBYE. 4. A%
MEEASEEARZHRRE 9 —. b EERMMREMEM MEIHFRMFEM

1. Kyoto University, Division of Earth and Planetary Sciences, 2. Kobe University, Center for Supports to Research and
Education Activities, 3. National History Museum, London, 4. Japan synchrotron radiation research institute, 5. AIST,
Geological Survey of Japan

Introduction: 3EGRE LIS X, chondritic porous (CP-) IDPsOXE#EHME L THON, XBERTHREHH
FRRYED1 DTHS, LHL. BEFOIFREERIEIT. T —HBORLNLHABNS LIMRESNTS
53e.g, 1,2, 3], £/-CP-IDPsHHDIERBEIEELIE & DREABRMELBE S M > TLRL,

RFEEIY RS54 MERAcfer 09412, LY —F—RFICEH. SKIMEIFEAEEETRVWI ERED
5, RHBEMAEADIDTHZEEZLNTWS[eg, 1,4,5], £/, TOXMNY I RICEREHEMBIESS
KBLZEMRESIN TV, 2], Bxldk, BENKREDI Y RS54 MEATDOHREERIEOEIR. MEX
BERTOBEKEMEMEOEFERE. BLUKEERBREZALMNITEIIEEZBHE LT, Acfer 094D~
MY OZRICHITZIEREERIEZ STHEBO I RTHEEICEB L.

Methods: #11x2 mmDIFEEFICOWT, HREROTHEMOEEEZHI T 57, FE-SEMEIR%
To7z. B5N7EDS/BSE-map% Ttic. #25x25x30 umt 4 XDXCTH# %#FIB (Focused lon Beam) T
ER L7ze 25D 3 RTHEE S FERIBTERER T 5728, SPring-8 BLA7TXUIC T ERIRE (EFRY A
Z 17100 nm) DB HXIRCTIRE 1T 572, T DEE, %R T 272DDETEFENZHRINI Y M SR K
HRAWEFKRG], 228 - K - BHEMEHEDT Z272DSIXMEMENZ A48 - BRI M5 R M ERRKFICEET
ZHFE[7ITRIEL. INLEBEIBR@BT8)&1T o7

Results and Discussion: FE-SEM/EDSERZ M S, < M) 7 RIS LEEBHERER - B TH 5 Z & RS
Nrc, 7. £THRe.g, A THRESNTWSEEIC °0-poortBRRAMKEKRERTFHY Y L V494
r (Cosmic Symplectite, COS) [7]IC#E# - AR DIBLLT 2R FHA< MY I RAFRICERESH L TWe, COSIE
RKAELETOER - BEHICHWIETHZ I EHNMOENTWS D, FEREEBENS EINIRENREHDIE
BICARZEEZ, COSEEUR N VRAMBIHET N 7 AOKRKRMW AR Z RIBIEEZFIBICLY., ZhEh
L7,

INSOBRBOFER. M I RIIERERLHBORLZEHOEEISEBRINDE I EHBHESH,IC
ote, BIZIE, KEERILEYE BbON2EHROMAERE ST IR ICEREROEWVEEEHEL)P. 10-20 u
mb 4 ACRABCHABICKBTE 2 FEICERROSVEHEEHENREKLRER - TREA2RTESEI EM
ICRAELTWS, HICERROFEFTICEWVERTICOVWTIE, XCTHSHEINSMER - KA. CP-IDPIZHL
BOTWBIZEND, YNV ZADOHRTHIREERBIEICEORRETIEAVWIEHGFING, HXRTIE, X4
HICDWTOTEMIC K 2R OEREZSD. REHEEIERBEERIEOERSLUEHREDEVEZRT
%,

References: [1] Greshake, 1997, Geochimica et Cosmochimica Acta, 61, 437-452. [2] Balnd et al.,
2007, Meteoritics & Planetary Sciences, 42, 1417-1427. [3] Leroux et al., 2015, Geochimica et
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Cosmochimica Acta, 170, 247-265. [4] Nagashima et al., 2004, Nature, 428, 921-924. [5] Nguyen and
Zinner, 2004, Science, 303, 1496-1499. [6] Tsuchiyama A. et al., 2013, Geochimica et Cosmochimica
Acta, 116, 5-16. [7] Takeuchi A. et al., 2013, J. Synch. Rad. 20, 793. [8] Tsuchiyama et al., 2017, 48th
LPSC, 2680. [9] Sakamoto et al., 2007, Science, 317, 231-232.

F—7— K JERBEHERIE, GEMS, RFEIY K> 4 b, Acfer 094
Keywords: amorphous silicate, GEMS, carbonaceous chondrite, Acfer 094
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mAEERTAL FDRI[URBAICE 1T B AN BIEEIEER
Melting and quench experiment of iron sulfide fine particles at
atmospheric entry

=E BAZ W EE

Kento Murozono?, *Hiroshi Isobe'

1. BARZERZRARBZMABERB 2RI, 2. BRAXFEFE
1. Department of Earth and Environmental Sciences, Faculty of Advanced Science and Technology, Kumamoto
University, 2. Faculty of Science, Kumamoto University

RLoHIC TEEMICHIKICETIZEREAMEICEVTIE, BERO.ITMMEIMEOBIFIRADEETIS Y IR
HERFDOZENMMONTWVWS, TNOMALITIE, BERIBARICINE - 43N, Ko B8 % OB
BAEFKRT 5, KREDHEBEERIFBREEE I AMEELSL, BUBRADHERKRIZEILT 5 EHICKTHE
BRICEHEEEZ D %, ARETIE, SRFFTHANFEZBEHETFTIESEER%R (Isobe and Gondo,

2013) #HAWT, BEMEADOIEERRD D—D ThHhIHILHBAFOAME - 2AERETV, BBX
[EHICE 1 BFRILE DB L&) & BT BOBIRIC D WTHRET L 7=,

KB HRHE, TAROFeSHEZMF L TER L ZENT0OOumDRERMF 2B W e, HEMENF O
8B, MiziToe s, HARIMMLRFeSTIRAL, B~ M) v I XRICH T I/ 0V EORILHRE
R FAES LB 2RI MO B L O—MEBHEEN O L > TWe, T, FEMDOEREFELTL
Too MIRXHREITDOFER, FeSHIZEAMEFRDHILEXE LR CtroiliteTH o7, M - RAERBRRI T ST v T
AMEBNERIFEZRA, FeSHNFOLUES LUBRDPEZER L THAREZFE L 2. FRBRTIE, AR
BRR R DY FIZ2LURICRRRERMEISEL, HO5MWET400°CULDBE X TNRASINERAIN
%, BRDERE, FMQ+1.5logunits L7, EERERYIZ, EEEFEMBEICL 2AFERE LN FRE
HEMOBRE, NI ZiTo7.

BRELUEERE ZREBRYHNF2EOEIRIE, HKFELITTIERL, ABRELIIBAREFOEDLEHER
IN, RFREIE, FEAENBRICKI Y ARDSMARMERERL A, FFREICSH > BIEIREE & EB
P, BEKEEERTEOLFEELL, RTFHEORE - 2OER, EEMEICRE Shiztroilitetd, BI{LEX
SHIESEEHES L VUEEHEOESHEBISHEERL, NTFRAREITAMLTWSZLERLTW, $DHF
TARMBOOMKITHELELTEY, BRMENFOEEERE LB L TR FEICERDHERTSORD 0D
BmMARI o TWe, 727201, Fek (S+0) DLEIFZIFIF 1:1 T—ETH 7=,

BILICE > T, O BTSN FREICFe,0, BMDEWEATKRIN TV LDLERESINE, £, B
(EARATSHED AT T, FeOX L hHICIET wmiZEE DFe,0, RS AT L A REEGE T 6
DEFELTz. Fe-S-O=ZHORDARERICH W TIL, FeS-FeO tie line fHiTICFeOB K UFeSICEEFIL 72 F
SAEDFETZIENREINTWVS (Uedaetal, 2008) ., AERRICEWT, 1THUTOERBEOIMEIC
£ o TH, MBI FICFe-S-O=ZKDRDMEREBRICK > THRESNAEERELIRBZIZ Z DN REINE, &
NIk, KSMBICLZ2BEEMELISDSKODERIEIDLHICIE, KINLOBRRDLAMENLEET S
EERLTWVWEEZZLNDG, BRICZLVATERF OREICEWVWTIE, BEMEDOMBRAICEZKIADSD
AINEINFEI TN T WS ERENLH B,

F—7—R:bOAF4 M BUNBER. Fe-S-OF. fEkdh, KM
Keywords: troilite, micro meteorit, Fe-S-O system, magnetite, atmospheric heating
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Fe-Ni-SERA D MR 1R 5 K2R EREE
Interior structure of Mars estimated from elastic properties of liquid
Fe-Ni-S

5

Wid

*FER, TR BA xoa. B)IIKE H)I B, BE EE. FEELn B
R, eI . iRE mth BTA RE°. Bk %R0 A R

*Hidenori Terasaki', Yuta Shimoyama1, Mayumi Maki', Fuyuka Kurokawa1, Satoru Urakawa?,
Keisuke Nishida®, Ryunosuke Saito1, Yusaku Takubo1, Yuki Shibazaki®, Tatsuya Sakamaki®,
Akihiko Machida®, Yuji Higo®, Tadashi Kondo'

1. RIRRZAFREZHRR, 2. MILRZRZREABEZMRRAR. 3. RRAFAEREZMAR, 4. RIEXFRFRES
WRA, 5 EFRERMMARFEREE. 6. SEEARERRE S —

1. Graduate School of Science, Osaka University, 2. Graduate School of Natural Science and technology, Okayama
University, 3. Graduate School of Science, The University of Tokyo, 4. Graduate School of Science, Tohoku University,
5. Natural Institutes for Quantum and Radiological Science and Technology, 6. Japan Synchrotron Radiation Research
Institute

To give a constraint core composition and interior structures of terrestrial planets, elastic properties, such
as sound velocity and density, of liquid Fe-light element alloys at high pressure are required together with
geodesy observations. In this study, we have measured sound velocity and density of liquid Fe-Ni-S
(S=17-30 at%) using ultrasonic pulse-echo and X-ray absorption methods combined with multianvil
apparatus up to 14 GPa and studied the effects of pressure and sulfur content on the elastic properties.
Measured sound velocity (V;,) of liquid Fe-Ni-S increased non-linearly with pressure and its pressure
dependence is well fitted by the Birch-Murnaghan equation of state. Obtained bulk modulus of liquid
Fe-Ni-S decreases with increasing sulfur content. Based on these obtained properties, we will discuss
estimated radius and sulfur content of Martian core by comparison with observed moment of inertia data
of Mars.

F—O—F: KB, PO RE. F&E. BE
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Microstructure of olivine in basalt recovered from shock experiment
and a comparison with olivine in Martian meteorites
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KEERICIIFBICIVEBELEAY S VAP REINTWS, COEBLIEAY S VABICEB L2
FT/RFFPREREZEZOSNTHY ., XERAICKETHD, RITHETIEVWL DHDOEHRBEIZZLOSNTE
=h. REFE—DRBRIZB/BSNTLAL (e.g., Treiman et al,, 2007), ZDFEHIBEE - FHDORBAIX. KIEEF
RIRROEMEPNERADRRREEEZDLTEETHY., EEMICHN T IRENH D, AFETIE. Z
DESBRKEBAFICRONZEBEBL Y VADEKREN - BREZHL MY 27-HICEHEDINER %
To7e TNET, AV S VADHMBESLERDI-ODEEERTIE. AVSVERPAY S VAMKER
REPHAWVWLNTEL, BEBAVIVAZESUAKERAGIR. TRE~LIVYSM NETHY., LEOEHITIE
ZNSIGEVWAR TEERREZTOMVELNH D, AMATRERBELVRHEOH Y S VEEETCLRESE
—Hy hELTHW:, COXREIHICEAL VS VA (FobIRRE) 2#2ATHY., BREBYHY S
YREDHRHIKERA (FFilolivine-phyric shergottite) ICIEFBITEWV., ZTDRH, AV I VEXPAY S VA
MARAREAWAEEERRICEAR, KEBAICKVEVWRETAY S VAL RIT2EROHELBERIZ L
DNHARETH %,

ERICIIMEMHAREEO—BRRAAESREA W, AROLREFEESHT mmOAKT 1 X7 ICEH
L. AFYLRADIAVTHICGESHTY—47 v & Lz, REUKRIIEZEFEE20~40GPaTIE3I mmMEDR TV
L Z#%&, 50GPaTd2 mmE®DY v A7 viRERBW:, 40EERETV., EEOIEEFEERZYI—4 v bA
DERERORPEBEENSFHEL, FThEh22.2, 28.7. 39.5, 485GPaTH o7, EULIZHABHISE
BB EER L. RAEME. EBERETFHEME (SEM) BR4E21To7%k, £, BANSINERA AV E—LK
(FIB) Ic&WEMAIWHL, ZBARMEFEME (TEM) 2AVLEBRLIT>, AVSVADERICDOW
Tk, ZEICLYEBEBLLEEEH S0, TEMERRICLY F/HFOEEEHRE LT,

SERBRICK 2 E22.2 GPaDERAR P TIHBRAIRIRHELE R L. 28.7 GPall LOREBRFARH TIEH
RAIFETHZIZRELTW, BAYPAY I VAR, REBVEREZZ(F-EE (48.5GPa) THREIKHENLE
BUWEH A VIbERIDHITH o/, £, BHEEN28.7 GPall EORB P TIFHMWERSRRI BRI N
N SESBYIEVWThORABRICERRINAN o5, 39.5 GPat48.5 GPaDBEHBEEDEINAR TIFA VS
VARICS A SROEBIERINE (S XSDIEIF38.5, 48.5GPaTEFNEFN" 025 um, ~ 1 um) . &
DT A ZREBEFBTYWHLTTEMTEERLAZEZ S, FATROEBIIESEEICKRIMBEEI A B EEIC
WIHELTWE, LHL., ZOEIBTASHREBESDOTHY IV ERICHKT /HFIFERSINARL o,

INE TOIE TNorthwest Africa 1950 BFDEB AV SV AII T A SREBOEASTH B Z ENHELSH
IZ72>TW3 (Takenouchietal.,, 2015) , SEIOERTHERINLZAVZVAFRD T XA FTROMERIEZENS
EHELLTWE, LML, COEEIERFT/RTFEEET. REEBAVIVAICRONIFHERI AN o7, =
AWM (2011) TRERAY S VAHREREHWZ40 GPalREDEHEERICL Y AV SV ARICENCF /I
FHERIND ZENBESINTWVE, BVERKREZFOMKIANTELREICERTEHEROREE GV E
EZZbN, T/HRTFOHKRICIEEELITTRL, MARABRTERSND LI BREEIVETHS AN
%, 2FVW, VS VvADERLIZ. BEICKYRMBOESEKRD S X SREBITER I N, SRICE Y DL
BONRETCTH/RFITERINE EVWDBRZWUSTEENASOIDORBRMNSORB I NG, £k, BEEORS
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WKLo TAHAYSVAICRONZ SASTREBOY A XNETEI LN, TDEIRT X TRMEBISEER
DENDERICISATEZ 2AEENH D, REOXEBRATHREINS S X ZRERIZEL 2 umiFETH
), 48.5 GPaDERAM TEHESINALEDITEL., —A. SATOHBERIKERAOANE. KEEBAT
BT /HFEHRESNTWERD, BEDEVWNIASOBEEEZXEL TWSHRBEN H S, TDH., £
DEZEKDERBREZERZIET, RARDAVIVAICERONZ S X TREBOY 1 XEHBBEN SEHERDRE
EENICHNEEZ DI ENARICHS EHHFSIND,

F—T— N : GEER KEBA HVSUA
Keywords: Shock-recovery experiment, Martian meteorite, Olivine

©2017. Japan Geoscience Union. All Right Reserved. - PPS10-14 -



PPS10-15 JpGU-AGU Joint Meeting 2017

Stepwise Heating and Vacuum Crushing Analyses of Noble Gases in
Martian Meteorites
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Introduction: Martian meteorites are valuable and possibly sole direct samples from Mars until future
sample-return. Trapped noble gases in the meteorites are important, because they can provide not only
strong evidence of their Martian origin [1][2], but also chemical and/or isotopic evolution of Martian
atmosphere. However, noble gases in the meteorites are complicated mixtures of several sources; Martian
atmosphere, Martian interior, radiogenic, cosmogenic, and terrestrial air (e.g.[3]-[9]).

In order to retrieve the exact Martian atmospheric records from the meteorites, one needs to know the
trapping mechanism and trapped sites of the noble gases. As the first step, we have conducted combined
stepped heating and vacuum crushing of several shergottites.

Samples: Tissint and SaU 008 are olivine-phyric shergottites. Tissint, fell in Morocco in 2011, is
characterized by its numerous shock-melted glasses with small bubbles (<10 um —ca. 100 wm), which
might contain Martian atmosphere [8][10]. Heating analyses of pairs of SaU008 showed the incorporation
of elementally fractionated terrestrial air (EFTA) in deserts [7][9]. EFTA effects were also observed in NWA
7397, a slightly weathered poikilitic shergottite [8][11]. NWA 10441 is a recently found highly shocked
and moderately weathered shergottite. It is composed of ca. 15% of shock-melted glasses with a lot of
vesicles [12].

Analytical Methods: The noble gas analyses were conducted with a VG3600 at the University of Tokyo. A
ca. 100-200 mg chip of the each sample was separated into two groups; one for stepped heating and the
other for vacuum crushing. The former fraction was heated in steps of 400 C, 600 C, 800 C, 1000 C, 1300
C, and 1800 C. The latter fraction was crushed with 2-10 MPa hydraulic ram to extract noble gases
presumably from bubbles and/or fluid inclusions. The crushed samples were then picked-up and also
stepped heated for comparison. All samples and vacuum lines were baked at ca. 200 C in vacuum for
overnight before the analyses.

Results & Discussion: Neon: Most stepped heating data showed high contributions of cosmogenic Ne,
while all crushing data indicated air-like Ne. This is due to either terrestrial air or Martian atmospheric Ne.
It is difficult to distinguish the two because we do not know the exact “°Ne/?’Ne of Martian atmosphere,
although some plausible values are estimated [9].

Argon: Middle to high temperature heating showed high “°Ar/*°Ar ratios. After corrections for cosmogenic
%6Ar and radiogenic *°Ar, the trapped *°Ar/*°Ar ratios indicate significant contribution of Martian
atmospheric Ar. However, all crushing data were almost identical to terrestrial Ar. This may be attributable
to either (i) expected bubbles in the shock-melted glasses did not contain Martian atmosphere or (ii) the
crushing was not enough to extract gases from the bubbles.

Krypton and Xenon: As similar to Ar, high temperature heating showed excesses in 129%e/"3%Xe ratios,
indicating significant Martian contributions. All crushing data plotted on a mixing line between terrestrial
air and EFTA (or Martian interior) in a diagram of 84KI’/132Xetrapped -129%e/"3?Xe ratios. These data also
support the possibility of absent of Martian atmosphere in the expected bubbles.
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The Difference Acidic Condition of Aqueous Alteration Event of Nakhla
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Nakhlites (e.g., Nakhla, Lafayette, Governador Valadares, Millar Range (MIL) 03346, and Yamato (Y)
000593) originating from the near-surface of the Mars are expected to record a water-rock reaction
(alteration) occurred on the Mars. One of the representative alteration textures is “iddingsite texture” ,
which is observed in and around the olivine grain of nakhlites [e.g., 1]. A nonstoichiometric distorted
olivine-type mineral laifunite [(Fe2+Fe3+)2(SiO4)2], which is one of the alteration products of original olivine,
was formed in the iddingsite texture [2]. The iddingsite was crosscut by fusion crust, indicating that the
iddingsite including laifunite was formed on the Mars before it was delivered to the Earth [3]. A member of
Nakhlites, Y 000593 and MIL 03346, which are expected to originate from the subsurface ("10 min
depth) of the Mars, has a remarkable amount of jarosite [KFe3(S04)2(OH)6]-bearing iddingsite [2, 4]. Iron
sulfates including jarosite were detected on several provinces of Mars’ s surface such as Meridiani plume,
strongly suggesting the existence of surface (or sub-surface) liquid water (probably high acidic brine) at
least one period in the Martian history [5, 6]. These jarosite-bearing nakhlites would become a keystone
for a direct linkage between Martian meteorites and Martian surface materials. Therefore, we have tried to
describe secondary minerals in the Yamoato 000593 for elucidating environment on the Mars during a
wet-period by using a microscopic speciation technique; a FIB-assisted STXM combined with a
TEM/STEM observation.

A polished chip sample of Y 000593 (subsample, 120) was prepared for this study. Iddingsite textures
were observed using a FE-SEM/EDS first. A laser micro-Raman spectroscope was employed for phase
identification. Ultra-thin sections of iddingsite textures were prepared by a FIB system for STXM and
FE-TEM/STEM analyses.

Laihunite, Opal-A [SiO, - nH,Q], jarosite, natrojarosite [NaFe,(SO,),(OH).], goethite [FeO(OH)], and
ferrinydrite [5Fe, O, 9H,0] were identified from the iddingsite of Y 000593 based FIB-assited
STXM-TEM/STEM analyses subsequent to FE-SEM/EDS and Raman analyses. The presence of
natrojarosite, one of the quad phase of jarosite [7], suggests that Y 000593 experienced low pH (= 1-4),
low temperature (80-240 °C), and SO,-rich aqueous alteration process. Iddingsite can form below 500,
and most of them were formed between 100 and 50 [8], which is consistent with the alteration
temperature of Y 000593 deduced from the existence of natrojarosite. The alteration condition of
Nakhala with siderite (FeCO,)-bearing iddingsite texture was estimated to be about mid pH (= 6-8), low
temperature (150-200 ), and CO,-rich fluid [9]. Because Mars rover Opportunity detected sulfate minerals
such as jarosite and natrojarosite, Y 000593 is a better sample than the other near-surface nakhlaites to
understand the late-stage acid-sulfate alteration event. Laihunite (was formed at temperatures between
400-800 in [10]) was only reported from Y 000593 and MIL 03346 in the near-surface nakhlaites,
implying that these two nakhalite might have experience different alteration process compared to other
near-surface nakhlaites [4]. Our STXM-TEM/STEM analyses reveal the alteration process from original
olivine to laihunite; Fe?*/Fe®* ratio gradually decreases from olivine to laihunite, which probably
corresponds to the difference of superlattices of laihunite (2M and 3M phase) [11]. Short time oxidation
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related to formation of the 2M phase [11], suggests that Y 000593 experienced a temporary heating
event. We found mismatch on the formation temperatures between natrojarosite and laihunite. The
discrepancy may indicate that these minerals were formed different alteration events; i.e., laihunite was
formed before the late-stage acid-sulfate alteration event.

[1] Treiman, 2005. [2] Noguchi et al., 2009. [3] Treiman and Goodrich, 2002. [4] Hallis and Taylor, 2011.
[5] Klingelhofer et al., 2004. [6] Ehimann et al., 2016. [7] Papike et al., 2006. [8] Treiman et al., 1993. [9]
Bridges and Schwenzer, 2012. [10] Banfield et al., 1990. [11] Tomioka et al., 2012.

F—7— K : Nakhlite. Yamato 000593. Iron sulfate mineral. Laihunite. Acidic aqueous alteration on
the Mars, FIB-assisted STXM/TEM
Keywords: Nakhlite, Yamato 000593, Iron sulfate mineral, Laihunite, Acidic aqueous alteration on the
Mars, FIB-assisted STXM/TEM
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Formation of silica polymorphs in non-cumulate eucrites as inferred
from crystallization experiment
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1ECHIC V) AEMEIRL2GEREENFRHF T CEREEZ D T23BULDZHZFFD (B, KIE,
2001), fFlAIE. Tridymiteld400CLUTF T, "ARRDOLESFRRER T, BRERFLIBEARRICES
9 % (Graetsch and Flérke, 1991), 7=, ) ASMIEBKERBREICL > TRETEZ I ENELHMSENTL
%, BIZAIEPEAFTIE. Serra de Magé (Cumulate eucrite) HIC&H L 7= QuartzD#AR IE KD 5 DB TH %
EINTW3 (Treiman et al., 2004), ZD & DI, V) WEEMIFERTORBDIBRE P KEERFD ZRERK

DHEAEERTDLTEERIYTHZEEZONED, BEFRTIE [T AH] ELMAEBH I A TWARVWT &
MFEAETH D, HrlE. TNFETICEucritefAICEHR L. Cumulate eucrite & Non-cumulate eucrited
D) WY DHEMBERE DT %EITO T & T NEREVestaDMFEE & REMETOLEEZITVL., KET
DEREKEER R ELESOZRERDERDOEBAZHAAHTE 7 (e.g, Ono et al.,, 2016), HT
%. Non-cumulate eucrite D LREEERICTFRET 22 ) hiMOEAEDOEIEZESHKTHY . TNHD
ERIETBERANZ VN, ZITERAETIE. 2ABR TEucriteBRT ISV HIEMHIED &L S BREAE
hETRET I EEIDZ7-HIC, Eucritex AW ERIEERET o7,

258 - F& ERRICIX. BEIM A EucriteTH % Non-cumulate eucrite®Millbillillie & FA LY
7=. MillbillillieZ10 umBEOMERIRICT W DORL. 125mgDRL vy MIEHELAER. BE7/M4 v—LICE
g, YYadZy MEIBIESRIFHR T, 1300°C T4885EARE - MBI L THNH850CETIC/hrTHAHIL
foo CO,EH,MERICKY, 2EIFT1KE. E&iﬁ&‘ilogl‘o =IW-1& L%k, BoniEHBEZERICLT, %
-*‘:éiﬁﬁa“iﬁﬂtSEMtwt PHESLUVEPMAILL 2RIy EVJICLY ) HEMONEBEEREL. D
#%. EBSDIREMfEBEMS T v DHNICE > TV HEMOHERE%1T> 7.

3MER - ER EBRHSEONAHABICIE. EMRICBRLAMRAEEAI’ERSIN,. ThoOREICE
oY) WM EEL TW e, BRIFELWMERZHNY —=—Y 7% RLTW, EBSDEERE STV RARY
MLOERN S, oY) WYL T R TCristobalite TH 2 Z & MRS Nz, TDERMN S, EucriteBRT Y
IHSESBRETRAICRERET B2 HiiiLCristobalite TH Y, ZDEMH SEGENRANERIE L%
ICHEBLZEWVWD ZENBELMNICR -T2, ThEFH L2 DETHRTHE SN7=Non-cumulate eucrite DY) A
S DB CHAEGHEDERNS, EDEDICLTREDY ) hIBP MR SN A2 U TICERY
%, Yamato-75011DHEREE S B H I X Cristobalite & QuartzDEAEHIFE L. AR TOERIER &
Hackle fracture pattern & (£ % #8%8% (Seddio et al., 2015) I HBNEFEET 2 &h 5, EAKIE
Cristobaliteh 5 Quartz~DEDEERBICL 2 EDTH B EEZ LD, PasamonteDLRAEEFHICIE. ¥
B MDCristobalite, Quartz, BA&RBRDTridymiteh#HFEL TWz, RBRERHM S, FBFDCristobaliteh' &
MR L., AL LBICRATHICE > TQuartz& BEARRDTridymite [CHHERS L - TREMLZ Z SN
%, L T, StannerllIZFAEFDQuartz® A M FE L TWiz, StannernidBZENE A Type 4 & LEEBE L
ZEB, XM L7 Cristobalite "B ZEK %27 T, £CQuartziCHHER L2 &M #RII 1S,

455H AMIETIE. 1C/hrEWS 25BRICBEWTCEucriteBRY /IO S RINCEHT 2 ) Ak
BF DCristobalite THh 3 Z & ZBALMNIC Lz, TORERM S, Non-cumulate EucriteRICEFEE LYY K%
FldCristobalite ™ 5 DHEELFZIC K > T TE D AIREME AT T 2 Z &N TE L, /2. TOHEERIZ. EEDRE
ADOAMEEN C/hrd WEHEWEREEZ 727200, b LLIEBRAEHBREDZRENRICE > TRI 272EDT
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Origin of silica minerals in basaltic eucrites
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mesosiderite parent body

g FAEF ' ILO 52, Lai Yi-Jen®, Wotzlaw Jérn-Frederik®, Schénbachler Maria®
*Makiko K. Haba', Akira Yamaguchiz, Yi-Jen Lai®, Jorn-Frederik Wotzlaw®, Maria Schénbachler®

1. REITERFESRMIKRENER, 2. EXIGAFZEAR. 3. A4 AEHFITRKE
1. Department of Earth and Planetary Sciences, Tokyo Institute of Technology, 2. National Institute of Polar Research,
3. ETH Zurich

Mesosiderites are polymict breccias composed of roughly equal amounts of silicates, which are similar to
HED meteorites, and Fe-Ni metal. This meteorite group has been thought to have formed by mixing of
crustal and core materials without including much of the mantle. Although several scenarios have been
proposed for the metal-silicate mixing, the origin of Fe-Ni metal that was molten at that time and the
mechanism of the mixing event are still open questions. Therefore, a well-constrained age of the
metal-silicate mixing is important information to improve our understanding of the formation process of
mesosiderites. Although the Sm-Nd and Mn-Cr ages of mesosiderites have revealed that the
metal-silicate mixing occurred 20-150 Ma after the solar system formation (Stewart et al., 1994; Wadhwa
et al., 2003), the age still has a large range more than 100 million years. In order to determine a more
precise age of the metal-silicate mixing event, it is necessary to analyze the minerals which had formed
during the mixing event. Also, it is necessary that the sample has remained closed systems for
chronometers throughout the later impact events. In this study, we present the *’Nb-?Zr and U-Pb ages of
mesosideritic rutiles and zircons in consideration of the formation mechanisms of the minerals. The goal
of this study is to determine the age of the metal-silicate mixing event that formed mesosiderites.

Four mesosiderites having different metamorphic grades, Vaca Muerta (1A), NWA 1242 (2A), A 882023
(2/3A), and Estherville (3/4A), were used in this study. Rutiles and zircons were separated from residual
samples after dissolving the metal parts and silicate parts with concentrated acids. Subsequently, rutile
grains were dissolved in HNO,-HF using Parr® bombs. The Nb/Zr ratio and Zr isotope measurements were
performed using a quadrupole ICPMS and a Neptune Plus MC-ICPMS, respectively, at ETH Zurich. Four
individual zircons (70-200 wm in diameter) were spiked with 3-5 mg of EARTHTIME 202p|,_205pp, 233235
U tracer solution and dissolved in concentrated HF using Parr® bombs. U and Pb were separated using a
HCl-based column chemistry and measured using a TRITON Plus TIMS at ETH Zurich.

The rutiles from each sample yielded **Nb/°°Zr ratios of 12.7 £0.8 in Vaca Muerta, 9.9 +0.4 in NWA
1242,1.61 £0.12 in A 882023, and 1.26 +0.08 in Estherville. The *>Nb/°°Zr ratios decrease with
increasing metamorphic grades of our samples from Vaca Muerta (1A) to NWA 1242 (2A), A 882023
(2/3A), and Estherville (3/4A). Since the metamorphic grades of mesosiderites were established during
the metal-silicate mixing event (e.g., Delaney et al., 1981), the rutiles likely formed during this event. The
Nb-Zr data from rutiles are plotted on a single isochron line (Fig. 1), which indicates that the 92Nb-22Zy
decay system of mesosideritic rutiles has not been disturbed by later impacts after they formed during the
metal-silicate mixing event. Using the initial ®Nb/°*Nb ratio of rutiles ((7.5 £0.7) x10°) and the solar
system initial 92Nb/?*Nb ratio from lizuka et al. (201 6), the 92Nb-22z¢ age of rutiles was calculated to be 44
+16 Myr after CAl This age corresponds to the absolute age of 4524 Ma.

According to Haba et al. (2015), mesosiderites have two kinds of zircons: (1) relict zircons that crystallized
before the mixing event, and (Il) secondary zircons that formed through the mixing event. Typical
secondary zircons show quite low U (0.3 ppm) and Th (70.04 ppm) contents because they formed after
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the incorporation of U, Th, and REE into abundant phosphate minerals. All zircon grains measured in this
study have very low U contents, which indicate that they are secondary zircons, and yielded a weighted
mean 2°’Pb-2°°Pb age of 4528.4 +1.4 Ma (2 o). This age is in good agreement with the *Nb-°?Zr age of
rutiles. Therefore, the metal-silicate mixing event that formed mesosiderites is considered to have
occurred at 4528.4 +1.4 Ma.

F—T—R:XVYITFIA M XS ) 54 MREER, REFERRUE. Yav, LFIL
Keywords: mesosiderites, metal-silicate mixing event, radiometric dating, zircon, rutile
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Fig. 1. Nb-Zr isochron diagram for mesosideritic rutiles.
The isochron regression and error envelope (95%
probability) are shown as a dotted line and gray area,
respectively. The data-point errors are 2 o.
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Hf-W chronology of the pallasite Brenham
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Pallasites are stony-iron meteorites consisting mainly of rounded olivine and metal. The formation process
of the pallasite meteorites have been investigated from the petrological and chemical data, but it is still
enigmatic. Two major hypotheses are considered: (i) fractional crystallization of olivine at core-mantle
boundary on their parent bodies and (ii) metal-silicate mixing generated by a catastrophic impact.
Determining the precise age of the pallasites and, more preferably, their constituent phases, are key to
constraining the formation process and the nature of the parent bodies. In this study, Hf-W isotopic
analyses have been performed on metal, olivine, and non-magnetic fractions of Brenham, a main group
(MG) pallasite. Taking into account the effects of neutron capture and nucleosynthetic anomaly, the & '8
W value of the Brenham metal fraction is determined as -3.43 +0.23/-0.30. The tungsten isotopic value of
Brenham metal corresponds to a model age of -0.22 +2.94/-3.34 Myr after the CAl formation. The result
indicates that the differentiation on the MG pallasite parent body had occurred within the first 2.7 Myr of
the solar system history. We further reveal that the olivine and non-magnetic fractions yielded

'82\W value than the metal fraction. Extrapolating an internal isochron using the

substantially higher &
metal and olivine fraction data yields an age older than the CAls. This unrealistically old age would be
attributed to the apparent elevated ¢ '82\\ values of the olivine fractions due to neutron capture. Such
neutron capture effect on the € 182\ values can be potentially corrected by analyzing Hf stable isotopes

in the fractions.

F—O— N : GEEA. HFWERZE, 37-v 2 MLaie
Keywords: stony-iron meteorite, Hf-W chronology, core-mantle differentiation
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Determination of highly siderophile elements and osmium isotope
compositions in metal phases from CR chondrites using micro
sampling technique
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Metal plays a key role in physicochemical processes that fractionate siderophile elements from lithophile
elements in the early solar system, generating variable chemical reservoirs before the onset of
planetesimal formation. Highly siderophile elements (HSEs: Re, Os, Ir, Ru, Pt and Pd) have great affinity for
Fe-Ni metals relative to silicates. HSEs are refractory and exist as gas only at high temperatures. Therefore,
geochemical investigation on HSEs in metal phases for a variety of meteorites can provide an important
clue for understanding high temperature processes in the solar nebula. In particular, the '¥’Re-"®’0s
isotope system gives chronological information regarding the fractionation of HSEs.

CR chondrites contain 40-60 vol. % of chondrules with 5-8 vol. % of metal grains and have unique
characteristics for the coexistence of metal phases with chondrules [1, 2]. Therefore, CR chondrites are
suitable for understanding the genetic linkage between metals and chondrules. Metal grains are found in
three different locations of CR chondrites; chondrule interior ( “interior grain” ), chondrule surficial shells
( “margin grain” ), and the matrix ( “isolated grain” ). Previous studies on CR metals [2, 3] suggested that
CR metals could have formed via melting and recondensation of surrounding vapor, although the details
for the origin of CR metals remains unclear.

In this study, we tried to established a formation model for the series of three types of CR metals based on
their HSE abundances and Os isotope compositions. We prepared thick sections of three CR chondrites:
NWA 801, NWA 7184, and Dhofar 1432. The petrography and the mineral compositions of these sections
were examined with SEM-EDX (Hitachi 3400; Bruker Xflash 5010). We analyzed the abundances of HSEs,
major (Fe and Ni), and minor (P, S, Cr, and Co) elements for multi-spots of these grains using fs-LA-ICP-MS
(IFRIT, Cyber Laser) and EPMA (JEOL-JXA-8530F), respectively. In addition, we determined Os isotope
compositions for two isolated grains in NWA 801. The details for Os isotope analysis using a micro milling
system and N-TIMS (TRITON plus, Thermo Fisher Scientific) are described in [4].

The Pd/Ir ratios in all types of CR metal grains decreased rapidly with the increase of Ir concentration.
Equilibrium condensation of metals from a gaseous reservoir does not account for the large variation of
Pd/Ir. From the HSE abundances in metal grains obtained, we calculated the partition coefficients (D) of
HSEs between solid and liquid metals. We found that the order of D values determined for individual HSEs
were consistent with those calculated from the experimental partitioning data [5]. Next, we estimated the
initial composition of metal phases that fits the observed data points using the fractional crystallization
model. The Ir-normalized initial HSE abundances are all chondritic excluding the Pd/Ir ratio. We speculate
that Pd could have been lost during chondrule formation process before metal crystallization, because Pd
is relatively volatile among the HSEs. From these evidences, we conclude that CR metals have most likely
formed via fractional crystallization.
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We found that two isolated metals analyzed have '8’0Os/'®80s ratios (0.1258, 0.1261) close to that of bulk
Cl (0.1263-0.1265) and CR (0.1253-0.1271) chondrites [6]. Such consistent Os isotope ratios suggest
that isolated grains in CR chondrites have formed from a Cl-like precursor with preserving the original
Cl-like '8’0s/"®80s ratio without substantial Re-Os fractionation. This scenario is supported by the
chondritic HSE (excluding Pd) initial abundances in CR metals estimated by the fractional crystallization
model.

References: [1] Lee et al. (1992) GCA, 56, 2521-2533. [2] Jacquet et al. (2013) MAPS, 48, 1981-1999.
[3] Connolly et al. (2001) GCA, 65, 4567-4588. [4] Nakanishi et al. (2013) LPSC, abstract #2407. [5]
Chabot and Jones (2003) MAPS, 38, 1425-1436. [6] Walker et al. (2002) GCA, 66, 4187-4201.

F—T7—R:3VRZA M XFNUB FRIVLEAE. CRIVRIA b
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Mineralogical and petrological study of plagioclase-bearing lodranite,
Yamato 981988.
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Introduction Primitive achondrites are meteorites that have both chondritic and achondritic features.
Acapulcoite-lodranite clan is the second largest clan of primitive achondrites [1]. Acapulcoites and
lodranites are primarily distinguished based on their grain sizes. Acapulcoites have finer-grained textures
(0.2 mm) whereas lodranites have coarser-grained textures (70.5-0.7 mm) [2, 3]. Acapulcoites have
chondritic modal abundances and bulk chemical compositions. Most lodranites have modal abundances
depleted in plagioclase and/or troilite and fractionated bulk chemical compositions. Several transitional
acapulcoite-lodranite meteorites have been found. The transitional group has larger grain sizes than
acapulcoites, whereas they have modal abundances rich in plagioclase and bulk chemical compositions
relatively similar to acapulcoites rather than lodranites [4, 5, 6]. The transitional group provides us with
the further clues on the igheous and metamorphic processes on the parent body.

Samples and methods We investigated one polished thin section (PTS) of Y 981988. The PTS was
observed by an optical microscope and a FE-SEM (JEOL JSM 7100F). Mineral compositions were obtained
by using of an EPMA (JEOL JXA8200). The lattice preferred orientations (LPO) were measured by using of
an EBSD detector (Oxford instruments AZtec HKL) mounted on the FE-SEM.

Results Y 981988 shows a coarse-grained texture ("0.7 mm) mainly consisting of olivine (43 vol.%) (Fo,,),

orthopyroxene (34 vol.%) (Wo, ,Engg) plagioclase (10 vol.%) (Or, . , ;Ab.g o,), and Fe,Ni-metal (6 vol.%).
Plagioclase occurs interstitially. Some plagioclases partly or entirely enclose olivine and orthopyroxene
grains. The lattice preferred orientations of plagioclase crystals are the same in wide areas up to "6mm
width. The PTS contains a large augite crystal ("7 mm) (Wo,, ,,En.,-.,) that poikilitically encloses olivine
and orthopyroxene chadacrysts. Minor mineral includes phosphate, schreibersite, troilite and chromite
(molar Cr/(Cr+Al)x100 = 14-16, molar Fe/(Fe+Mg)x100 = 51-57). The pyroxene equilibration
temperatures [7] are estimated to be “1120°C from orthopyroxene and “1090°C from augite. These
temperatures are similar to those of other lodranites [2].

Discussion The mineral compositions are within the range of acapulcoite-lodranite meteorites. The
coarse-grained texture favors that Y 981988 is a lodranite. However, modal abundance rich in plagioclase
is similar to acapulcoites rather than lodranites.

McCoy et al. [3] found that plagioclase modal abundances among lodranites are correlated with Fa
content of olivine, except for EET 84302. They argued that relatively large abundances of plagioclase
were caused by low degree of silicate partial melting. They indicated that mafic silicate compositions or
low peak temperatures caused low degree of partial melting. The modal abundance of plagioclase of Y
981988 is not correlated with olivine composition.

These observations indicate that Y 983119 suffered silicate partial melting over the solidus temperature,
but probably did not experience removal of silicate melt. We suggest that Y 981988 is a transitional
acapulcoite-lodranite meteorite.

Reference [1] Weisberg et al., (2006), Meteorites and the early solar system Il, 19-52. [2] McCoy et al.,
(1996), GCA, 60, 2681-2708. [3] McCoy et al., (1997), GCA, 61, 3, 623-627. [4] Yugami et al., 1998,
Antarct. Meteorit. Res., 11, 49-70. [5] Floss, (2000), Meteortit. Planet. Sci., 35, 1073-1085. [6] Patzer et
al., (2004), Meteorit. Planet. Sci., 39, 1, 61-85. [7] Lindsley, (1983), Ame. Mineral., 68, 477-493.
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Hydrogen diffusion experiment of fluorapatite under water vapor
conditions
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TIRF A ME. Cay (PO4),(F,CLLOH)TRE NS LB LRI THY ., B21 4 ¥4 MIF, Cl. OH%Z
B END, HERAIMCPHERAREABICS T 2K-BREEFHADOREBZKZLTWVWEEEZIONTWS
(e.g., [1]). EFE, AP KEHABFDT NS A MERDKZRRACAEEKICEDWT, ZOXREICE T ZKDER
PELEFEIRRLBAICERINTWVWS (e.g, [2][3]). LHL. 7/ 1 MERDKERAEERD, Rt
LEEBRDOY VI DEERMLTWEDN, TheE B’Fuadb&@*?%ﬁ&k K> TITRMICELLIZETHZ D,
ISR TH B, 7/N9 4 NHOKRILHEHNZIBRET 5 2 &1E. TOKFERMAEERIED L S I L TERF
SNFETHEINEZAOMITEIEICDAND. REICH>T, EREOCEHAMICNT 5 7/385 1 MESR
FOKRILERBAA MO THRESINZ[4]. KRR TIE. 7Y A MERPICH 1T 2 KRILEES = & Y FHMIC
BASMNCT 270, REAMESKERTFEDZRITER L KRILHERZIT > <.

EERARICIE, BKEOELRZ ZBHEORAT vRT /N9 1 b DEFEFR(DurangoiE: “500 ppm H,0 [2],
Moroccof: “4000 ppm H,O [5])Z FA\\, DurangoEDiE&AIE. FEREDCEHIC L TT@EY OAFMICTIY H
LTW3. ZhsOEMERAVT. E*@*%%%%Wﬁttthb—#—ﬂﬁ%ﬁ%\am#mmwﬁﬁﬁ
ETTo%k. IB7A7 74 IVOIBICIE, REBRFHEBED RS I EEH W ET(CAMECA ims 4f-E7
SIMS) W=, IR 771D 5, %ﬁnﬁﬂi’@ﬁ?&i#?@ﬁ?ﬁb‘% bh, @BEOHMN—ETHBZ
EDDS, ILBHEELN Y Y TIVRKRAMEORBERIGTH D ZENHALMIA 7. BETEERMORELRD
AROILETOT7 7 AILDHH, ZNETNILEEREE %KD, 500-700CICH 1F 2 KRILERD T L =7 ZRI% K
H1-.

DurangofE7 /N4 4 N DcElICx L TERBE AR DKFRILBUREIE. FITABDOKRIGEFRBICLENT, &
Z5fEEN >z, BKEDREM DMoroccoEDNFERN S 1, KFRLBUCOHDENAKE S FELAWVWI EAR
I, 7RI NOKFRILBDOFEEIRILF—E. SKEYWOKBILEROFE LI RILF—LERET
HDZEDNDH, FLUDIERA DA LEF DI EARBI N, BRI OKFRILEE., ERP TKERIE
FEDEAEYYEZH SEIE XN BGrotthuss mechanism & IEEN B KEEZEEICKD EEZS5hTWL
%(e.g., [6]). TOILBAN=ZZXLIZKDT/INY A MERFDOKRILEZ. 7/389 14 MERPOMBDITIRDILE
EHBEL T, IHEWISELS, FHEIRILF—BNIVWIENELNMIR /2. AFROERN S, 7RI A
MERDKREAAMFHEKD., KRDEDRMICE>T, SKBICHEEEZ IR ELTEIENRSN
fo. KFBRILENIE., HEKRAICH T DT /N9 4 MERDKBRRMAERDOREICEZR&E ZR LABEELH
5.

References

[1] Harlov (2015) Elements, 11, 171-176. [2] Greenwood et al. (2011) Nature Geosci., 4, 79-82. [3]
Usui et al. (2015) Earth Planet. Sci. Lett.,, 410, 140-151. [4] Higashi et al. (2017) Geochem. J. 51,
115-122. [6] McCubbin et al. (2015) Am. Mineral., 100, 1668-1707. [6] Marion et al. (2001) Am. Mineral
., 86, 1166-1169.
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Water Content Analyses on Apatite Grains in H Chondrites by
NanoSIMS : Application of Indium Mounting Method
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EBIVRSA POBREIT—MRICBKTHLEEZAONTEAD, BFHIY RS A4 MO—ERICIEZ/NT
1 MNaCIIDEET B I ENREINTWSB[1][2], COZEIFEBIVRSA MEREXICBITZKOESE %R
BLTW3, TBEIAYRSA FEREDKDEBRICOVWTIEREICE S DD >THELT, BREHIERET BE
ICHEEHEMYRAFTNTUVETELEY, BEOL D BKESORANBREFICEHERE L-TEEIERH LTV
351, ZEBOAVRSA NOKOBREEZELNMITEZEIZMEARGRICBITZIKDNDEFWEIEMRT S ETIHE
BICEETHD, AMFRTIFEFICHYA TV RS 4 MBEB LT,

T7IXF 4 ~Ca5(PO4)3(F,CIL,OHIZOH", F 8L UCI #&L ) VERIESIMTH D, 7/894 MIHOAV KRS
1 MESTEADRICEC RS, KenOsyvREDBREREMEDOBR%ZILHKT 53, E5IC. HOAY RS A
REDTIRYA FND—ERIFZNTA NOHEREFEENH DI EMNERINTEY[2, BRELDKDHBZE
WERZFEIDIVICARZ EHEFSNS, LHL. TRNETHRESNTWBHIAY RSA4 hFDT7 /89 4 DK
EEI£100-1000ppmIZE[2|&1E< . ZOKEEAEENICKD S Z EIFREETH - 7=,

ZDEIBEBEVEEDKE ZDEZAIMICLWEETESEVWI AT, ZRA A VEESHEHSIMS)IFHO Y
R4 MIHBIFZTRIM4 MOKBEDEEICBEVWTEHEMTH S, SIMSICL ZEFRABNOEESHTIE. LIE
LIFER 2T RFIOBBRICEEIEIFEP’AVLONG, TRFVEEIIHABTDOERICAYAATIED S
HIRFUENE L. BADL I BRIEVEXRABZHFEOIBICELTWS, LAL. BEYMTHIHEIHEH DR
ICAYRAL =0, KODITICH L THEBERIFT, BAARICE ISy 7&2IE LD E LEERMNFEELTVS
HEDHNE L, BEICAYRAALBIBICEZFENEL VLD, KEES LUKERMUKDAEICIITAETH
%,

ARARTIIEREEEZEES V0 AICEBOATFERICEB LEM4]5][6]. 17 ALIFREANT56TC &K
K. PHOLNMMILYTVWEETH D, BB VIUIVLIEDAALHABIIREETRIAF OIS S
HEDD, EXRDICKFREEET. AROERICAY ZHITKWED, TRFVEELY EKODFTICHT 58
E DRV, FDRD, KEEHILLEIEL(H207100-1000ppm)ZEEHZ D W T HSIMSE B WIKIEE - K
FZERMUAEDTEITAZ EHFEIND, EBEIC, De Hoog et al. (2014) 4] hERAFEBEDHL 1 BICESE
NadI)avIck L TCameca 4f = FHWTAIE LI, TRFIUEEICIEDAALABOKES >V HHD
Ny P75 RHM165-180cpsTH > 7=DICTH L. A VIV LICIEBDRAALARHIOWVWTIZTI8-21¢cpsT
HolEBRELTEY., EBA VI VALICEDAUFERICEIWKEONY VTS RENSLLTESZEN
HERIhTW3,

AR TIRERRABZERSEENEARDNanoSIMS 505V, 7/ 4 MRBES LAY EV (7Y Y FMSan
CarlosE)RARHZIDWT, TRFIUBAEE A VIV LBERICIEDIAAL S DDKEE S & UKEKRANMEE D
L. E&RET L7z, E5IC. 1 VYV TLIEBDAAFEIT>HHIAY RS54 MDD T NRY A MIHITBKEEDT
ZITW, HOY RS54 MEREFEDKIZSDODWTERL 7=

SE R
[1] Zolensky et al. (1999) Science, 285, 1377-1379.
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High precision Sr isotope measurements for bulk chondrites with
complete sample digestion
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Nucleosynthetic isotope anomalies have been discovered in bulk chondrites and differentiated meteorites
for various refractory heavy elements (e.g., Cr, Ru [1, 2]). In the most cases, the extent of isotope
anomalies is variable across different types of meteorites. These results point to the existence of
planetary-scale isotope heterogeneities, which are most likely due to the incomplete mixing of dust grains
and/or selective destruction of presolar grains during thermal processing in the early solar nebula.
However, the processes that have led to the observed isotope heterogeneity are not fully understood.
High precision stable Sr isotope analyses on bulk meteorites have been conducted in some previous
studies ([3-5]). These studies found isotopic variations of 2*Sr/2°Sr ratios across three types of chondrites
(enstatite, ordinary, and carbonaceous chondrites). However, the extent of Sr isotope heterogeneities
across entire classes of chondrites remains unclear due to the limited number of Sr isotope data with
sufficiently high precision. In addition, not all studies have performed complete digestion of samples that
contained acid resistant presolar grains.

In this study, we revisited high precision Sr isotope analysis of chondrites coupled with a robust sample
digestion technique that confirmed complete dissolution of presolar grains. We also improved the
analytical reproducibilities of Sr isotope measurement from previous studies by adopting the
dynamic-multicollection method with TIMS.

The reproducibilities for NIST 987 standard obtained in a single analytical campaign were 16 ppm for %
Sr/®%Sr ratio (n=7, 2SD), which are two times superior to those in previous studies [3-5]. We investigated
four enstatite chondrites (EH and EL), seven ordinary chondrites (H, L, and LL), and four types of
carbonaceous chondrites (Cl, CM, CO, and CV). Three types of ordinary chondrites possess generally
uniform w2*Sr values* (= -12 £29 ppm; 2SD). By contrast, enstatite and carbonaceous chondrites
possess variable Sr isotopic compositions depending on each subgroup. For instance, EL chondrites show
the lowest u®*Srvalues (= -30 £26 ppm) among all types of chondrites, while EH chondrites show u3'Sr
values indistinguishable from ordinary chondrites (= -12 ppm =36 ppm). On the other hand, a ClI
chondrite (Y-980115) shows u3*Sr values (= 14 +14 ppm) that is resolved from those of CV chondrite
(Allende) showing the highest w3'Sr values (= 36 £21 ppm) among all types of chondrites. The observed
global trend for the wB4Sr value that range from -30 ppm for EL chondrites to 36 ppm for CV chondrites is
consistent with the results of other heavy refractory elements (e.g., Mo [6], Ru [2], Nd [7]), which have
been induced most likely by the selective destruction for presolar grains via nebular thermal processing.
Furthermore, the existence of the local trend observed in carbonaceous chondrites would reflect the
additional processes that may have occurred in the outer Solar System before the accretion to each
parent body for carbonaceous chondrites.

* Parts par 10° relative deviation from the standard, NIST 987
[1] Trinquier, A. et al. (2007) ApJ, 655, 1179. [2] Fischer-Gédde, M. and Kleine, T. (2017) Nature, 541,

525. [3] Moynier, F. et al. (2012) ApJ, 758, 45. [4] Paton, C. et al. (2013) ApJL, 763, 40. [5] Yokoyama, T.
et al. (2015) EPSL, 416, 46. [6] Burkhardt, C. et al. (2011) EPSL, 312, 390. [7] Gannoun, A. et al. (2011)
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Origin of Mo isotope dichotomy between carbonaceous chondrites
and non-carbonaceous meteorites
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The existence of nucleosynthetic isotope anomalies for refractory heavy elements in bulk meteorites
evidently points to the heterogeneous distribution of dust grains with distinct isotopic compositions in the
early solar nebula. Molybdenum is a promising element for the study of nucleosynthetic isotope
anomalies in meteorites; previous studies found that bulk meteorites and their constituents including
CAls, chondrules, and presolar materials had nucleosynthetic isotope variations for Mo [1-6]. Recently,
Warren [7] discovered isotopic dichotomy for O, Ti, and Cr between carbonaceous chondrites (CCs) and
non-carbonaceous meteorites (NCs: ordinary, enstatite, and rumuruti chondrites, differentiated
meteorites). Budde et al. [2] suggested that Mo isotopic compositions for CCs and their components
could be discriminated from those of NCs. However, highly precise Mo isotopic data for NCs are limited so
far because of analytical difficulties. In this study, we provide high precision Mo isotope data for NCs
measured with N-TIMS to better understand the origin of source materials for NCs that represent the
materials existed in the inner part of the early Solar System.

Molybdenum isotope analyses for nineteen NC samples from ten meteorite groups (ordinary chondrites:
H, LL; rumuruti chondrites; irons: [IAB, IIE, IIIAB, IVA, IVB, ungrouped) have been made in this study. The
meteorite samples were dissolved with HF-HNO, and HCI-HNO,. Molybdenum was purified by
employing two-stage chemical separation technique [8]. Molybdenum isotope analysis was performed
with N-TIMS using TRITON plus (Thermo Fischer Scientific Inc., Bremen) installed at Tokyo Institute of
Technology [9].

The extent of Mo isotope anomalies for NCs is clearly discriminated from that of CCs. Most importantly,
the data points for NCs defined a positive linear correlation on the u*Mo— w°°Mo diagram passing
through the origin (i.e., Earth’ s composition), whereas those for CCs deviate from the Earth—NCs
correlation line. An exception is that IVB irons and ungrouped irons (Chinga) have Mo isotopic
compositions similar to CCs, presumably indicating that the parent bodies for these irons have formed
under the physical condition (e.g., fO,) similar to those of CC parent bodies [10-11]. Our observation
suggests the existence of contributor which produced Mo isootpic difference between NCs and CCs. A
possible carrier phase that involved in this difference is the type X presolar SiC enriched in °>Mo and ¥’
Mo [6], although a dominant contributor of Mo isotope anomalies are considered to be the mainstream
SiC [3].

Based on the data presented here, we propose that the observed Mo isotopic dichotomy has been formed
across the formation region of meteorite parent bodies by the time when parent bodies of irons have
accreted. The accretion of iron parent bodies for NCs (IIAB, 11AB, and IVA) and for presumed CCs (IVB)
occurred within 0.3 Myr after CAl formation in the basis of the Hf—W system along with the S contents in
irons [12]. The early formation of the two reservoirs regarding Mo isotope anomalies could be associated
with the dramatic migration of giant planets that ultimately disturbed the composition of asteroid belt
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[13]. Therefore, determination of the timing of giant planet formation is crucial to decode the origin of Mo
isotope dichotomy.
* w'Mo = [(Mo®®Mo) (Mo®Mo)_ —1] x10°

sample std

reference: [1] Burkhardt et al. (2011) EPSL, 312, 390. [2] Budde et al. (2016) EPSL, 454, 293. [3] Nicolussi
et al. (1998a) GCA, 62, 1093. [4] Nicolussi et al. (1998b) ApJ, 504, 492. [5] Savina et al. (2007) LPSC, 38,
#2231. [6] Pellin et al. (2006) LPSC, 37, #2041. [7] Warren (2011) EPSL, 311, 93. [8] Nagai and Yokoyama
(2014) Anal. Chem., 86, 4856. [9] Nagai and Yokoyama (2016) JAAS, 31, 948. [10] Campbell and
Humayun (2005) GCA, 69, 4733.[11] Walker et al. (2008) GCA, 72, 2198. [12] Kruijer et al. (2014)
Science, 344, 1150. [13] Walsh et al. (2011) Nature, 475, 206.

F—7—N:[BA, PBEXER T ITY. BAGEE
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Zn stable isotope contribution to constraint ureilite formation process
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Ureilites are ultramafic achondrites. They are usually considered to be derived from a single parent body
(UPB) now-disrupted. There are mainly composed of olivine and pigeonite. This is already demonstrated
that ureilites are mantle restites. But, this hypothesis is not consistent to explained preservation of the
primitive characteristics such as the O heterogeneity in ureilites [1] and confirmed by the new A'’O data
in our samples. In this study, we report new Zn stable isotopic composition and also 26AI-26Mg systematic
for seven monomict ureilites Yamato (Y) 790981, Y 791538, Y 981750, Y 981810, Asuka (A) 881931,
Allan Hills (ALH) 81101 and ALH 84136 to constraint the ureilite formation by smelting process.

Zn isotope analysis of our seven samples yielded non-chondritic and heterogeneous composition in & 66
Zn signatures ranging +0.61 £0.01%. to +2.68 +0.11%.. This heterogeneity in Zn can reflected the
isotopic signature of the precursor(s). In opposition, Zn is a moderately volatile element, and alternative
explanation already mentioned by previous studies suggested this heavy isotope enrichment may reflect
volatilization process following major impact [2]. This explanation is generally supported by the
correlation between the & °°Zn and the Zn abundance in ureilites. However, this hypothesis is not well
supported by the shock degrees. In our study, we evaluated the possibility that 5%2zn signature could be
produced by smelting process during ureilites genesis like already suggested by [3-4]. To evaluate the
effects of such a volatilization process during smelting, we modeled the Zn isotope fractionation in
ureilites on the basis of the Rayleigh distillation equation, according to [5] when Zn isotope fractionation
was explored during the smelting process in the metallurgic industry. In this model, we made the
assumption that UPB precursor had an initial composition in Zn content and & °°Zn signature similar to a
Cl type chondrite. The smelting degrees of our samples were evaluated based on their Zn content. Based
on this assumption, we show that the observed & °°Zn variability in our ureilites match the data obtained
using the smelting process model.

On the other hand, smelting process can occur only if the UPB precursor starts to melt. During this step,
the ureilite witch is the residues should be depleted in incompatible elements like suggested by the REE
pattern in ureilites [6]. Based on the new REE data [6] and our data, we evidenced correlation between
(Dy/Lu), ratios and the degrees of smelting modeled. This observation suggests that smelting degrees
increased with the degrees of melting (F).

Finally, based on °Al-*®Mg isotopic system, no isochron has been obtained with the &°Mg* and ?’Al/**
Mg data analyzed in our samples. If all these samples crystallized at the same time, the & 26Mg* data
suggest our samples could come from different parent bodies. However, our data set could also reflect
different crystallization ages from a single parent body. Considering the smelting process for ureilites
formation, this hypothesis could be considered since smelting was a local process. Assuming all the
ureilites originated from a single parent body with a chondritic composition, a model age can be
determined. This model age reflects the time when the ureilite common source differentiated from a
chondritic reservoir. This differentiation can be modeled at 1.09 +0.75 Ma after the CAIl formation. [1]
Clayton R. & Mayeda T. (1988) GCA, 52, 1313-1318. [2] Moynier F. et al. (2010) Chem. Geol., 276,
374-379. [3] Singletary S. & Grove T. (2003) Meteorit. Planet. Sci., 38, 95-108. [4] Goodrich C.A. et al.
(2007) GCA, 71, 2876-2895. [5] Mattielli N. et al. (2009) Atmos. Environ., 43, 1265-1272. [6] Barrat J.-A.
et al. (2016), GCA, 194, 163-178
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MC-ICPMSZRAW/E BV RS54 ba Y RIL—ILDOEFEEMgRALIF D
M

High precision Mg isotopic measurement of chondrules from ordinary
chondrite meteorite using MC-ICPMS

B HE', EHME. X% *HERE

Akinobu Hayakawa1, Kohei Fukuda', Tsuyoshi lizuka', *Hajime Hiyagon1
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EEGHAMZETH Al CEREI73RE) 3. REYEOETMAFEREEERT L LETEL<AVDR
T&, RKIBERETDOYWEE ENTWBCa, Al-rich inclusions (CAls)D B ¥EE 2 AI-MgR AL E D # 5 S K5 R
HEAEREDCAI/ZAILIZ5.25 x 10°TH B T ERBALAE RS (1,2, /-, KRMLIBADETEERYE TH
20V RIL—ILOFHRERIE, CAlskY £150-400FFRTHDEINTEL (3], LIrLEFE. BHER
U-PbEMRAIEEN S, OV RIL—ILDFIZIZCAIsEBFHHICER L TW-EDEFEET E I ENATBINE
[4], E5I2. U-PbERADN>TVWBIAY RS54 MNERDA-MgRAAEDHTA SHE L 722°Al/2 AlDR 4t
131.33x10°& WS fEARL. CAls& W EBEICEWMEE R >7= [5]l, ThSDENEREIENERDFE
I3, MEARRICE T BPADBHEICERN ARG —IFE L -TREEETRT 5,

MEAKRERICE T B2CAIDDFHDOMIBIE. A-MgERZDZ LMD T TR, PALZRRE LERE
DHEBRERE, REOEILZERITZLTEETHD, DHEFBMRT D7-DIC. RLABBEAES L UZDE
BB DEEERA-MgBAAESHNUETH 20, FICIAY RIL—ILIZDWTIESHBIN D7, ETHR
BRRBREIAY RS MDY RIL—ILICBRSNTWS [e.g, 6, 7). £ CAMR TIRAEARRICH T
AIDZEBME— 45 EBRTDIEAEMNELT, VILFOAL VY —BOFERE TS AVEES S
(MC-ICPMS) &= AW - SRR EMgRMI A DT FEORFKE T o7z, . ARLAEFEOEEZEI DD
B, KEEIY RS54 NRDCAIEIDHBHICOWM L, E5IC. BFEEINETHOMRBIOAVERI Y R
SARMFOIYRIL—JVICEAL, REEIVRIL—ILEDHEAETI Z&T. PAODTEZHR LT,

AR TIENWA 3118 (CV 3)BBAEDCAIZ 2D, Allende (CV 3)BBADCAIETD, NWA 7936 (LL 3.15)k8
ADIAY RIL—IE6DICDWTMgRMED T AT o 7=s Y TILDOMgBRIIKLLIX, MBABEMEGBERTH B
DSM-3 [8]A S DIREEIY. ppmL N TEHLE (= u?®Mg*) . EOERTH BBCR-2EIB-2ICDWVWT
BEAEToER, ThEThu®®Mg =-59+11.2,2.3+20.0 (20)& WD EERL. E£ITHE (e.g., [9]) &R
EEDHE S BEDHTICHI L, 3DDCAISOT—92AWTT7 A Y AV EBWEER, 2Al/ZAlDH)
K IE(°AI/Z7Al), = (5.08 £0.84) x 10° &R E o7, FFoo 7A V7O VOYIADSIF u?Mg*, = -25 +103
ppmEWIEZTRL, EITHARELVW—BAERIHEREALSK[1,2], 2O e, BIILAEFEOBED
BIHNEHRINL,

62DLLOY RIL—ILD S B5DDLLI Y RIL—ILIE AR (0.10)I23E LW Al/** Mgt (0.091-1.04) 2R L
Teo KERRFBEEDZ°AI/ZAILLS & UMgRGLRE D —TH Y (*°AI/77Al), =523 x 10°, u**Mg*, =-40
ppm). BN SZAI/MEATIE L AN > ERET B &, RIEDARBERICSEVWTAI/ X Mgkt £ D
MEDBIED u>’Mg* ZPAIDFEEDBE SN 50 ppmERT I EAFREIND, LA LAFROER, S,
LLOY RS 4 MEAFOARBMERICEWTAI/ Mgttt 22TV RIL—ILARE S u?Mg* 2 Re T &A%
Mol T, BEDHBEA2HI TCADEATRTI IV RIL—ILERDMNST=. LN >T. XFRDFERIS
TR ABRICBWTPAIDLRE—ICDH L TWTEEN TR I N,

T, EAFRELBLAER. TRBIVRSA MDAV RIL—ILIZREFEIY RSA4 OO Y RIL—ILIC
EARTEW L Mg 2R EDHBEET B2 EMNbh o7, wMg*, =-40 ppme WD E% BV TR RHK
BRICH 1T DHECA/ZAILLEBEH LR, KEEIY NIL—JLIZCAIEEZEE L < 1367%F EEWMEERL
DI L, E@BOY RIL—ILIZCAUCT L T47%IFERWMEE R L, ULEDERNS, ZT@BAVRKSA K
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[1] Jacobsen B. et. al. (2008) Earth and Planet. Sci. Lett, 272, 353-364. [2] Larsen K. K. et al. (2011) The
Astrophysical Journal Lett, 735, L37. [3] Kita N. T. et al. (2013) Meteoritics and Planet. Sci, 48,
1383-1400. [4] Connely J. N. et al. (2012) Science, 338, 651-655. [5] Schiller M. et al. (2015) Earth and
Planet. Sci. Lett, 420, 45-54. [6] Luu T.-H. et al. (2015) PNAS, 112, 1298-1303. [7] Olsen M. B. et al.
(2016) Geochim. Cosmochim. Acta, 191, 118-138. [8] Galy A. et al. (2003) Journal of Analytical Atomic
Spectrometry, 18, 1352-1356. [9] Bizzarro M. et. al. (2005) The Astrophysical Journal, 632, L41-L44.

F—T7—R TRV LRMGK FEFETSIAVEESNE AV NIL—IL, HEREAEY. DPXE

%
Keywords: Mg isotopes, ICPMS, chondrule, CAl, early solar system

©2017. Japan Geoscience Union. All Right Reserved. - PPS10-28 -



PPS10-29 JpGU-AGU Joint Meeting 2017

7 IV TEADNKMCAIZH LN BILYDIERM R & BREMADIEFE
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Crystal growth and disequilibrium distribution of oxygen isotopes of
minerals in an igneous Ca-Al-rich inclusion from the Allende
carbonaceous chondrite
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FEHRICEF N BCAI (Ca-Al-rich inclusion)id, BRILMNOK2, KBRERETDEATH S (Connelly et al.,
2012), CAIZEBNRT 2 DOBRE AL, =HRRAMAR LT, CCAM (carbonaceous chondrite
anhydrous mineral) 24 ¥ ¢ IEN ZIEEERED IR LICTOY NS BRAMEIIEFTELIHEZE DI & A
5N TW3 (Clayton et al., 1977; Clayton, 1993), SLE¥II - SEMIEIC S 1T 2B FRRALLAE DIEFE 2 DRIR
&, ZRA FVEEDTE (SIMS)E B WCARBRIMDBFAHT —9 R EICEDIDE, REFRINTWVS
" (e.g., Yurimoto et al., 2008 and references therein), EERICIEE > TULWAL, BROBADRH, &
METIE, 7ITVTRAEDARKType B1 CAl (TS34; e.g., Clayton et al., 1977) D& 5 DEL R BRI A HE K D
BT & CPAI-PMg ERRIE ATV, CABRMORESRKE, RHIEFENBS ., ThickY, KBECAID
S - YIRS B 1T BERREM A DIEEE DD, CARERIEHD, XL N DOBRFREMAEHEKREILICE Y
Ml &b o7, BFFEAED T, LEBEKRZEDSIMS (Cameca ims-1280HR) T1T > 7=,

NERHRR A £ DTS34 CAIE, EICXVSA N, 779894~ (TIEAICEOEMNER), AEXRILE, DED
7)1 DO B, ALY OBERELAMERKIE, SITHZ (Clayton et al., 1977; Connolly et al.,
2003) & AMMIC, CCAMS A v EICDH LTce RAERILIFHE—ICCOICE TR (A0 = —22.7 £1.7 %,
5m,xua4h@ﬁ—umouzbwﬁmuvb=—28fmwm&ﬁb,%%ﬁﬁ%ﬁmt&mmﬁt@
BEARREOhAW, 77 vyHA MEERIE, TICEOHEBRNSTICZ LWEBRANERAICELRT 5, BELRE
ERERY—= ‘/7“%m¢ BRFREBEAMEEBRDS A > 7O7 74 ILIC&Y, 77 vH 4 bDOEEFREAMRERILIE
BREICHG L ESHAT b AREI N, 77 v YA NOBRERMAEERIE, ZORERENEDICD
N, "POICZ LW (A0 ™ =3 %)h 5 COICETHM (A0 ™ —23 %) ICEE L TW e, ZDBREMI4AE
MDIEDY) I, TS34 CASLYIDOBRENMASHOLEEICHEE TS, 77 v 4 MERKRFP DOERREAAHE
BRDZEAbIE, AU N DBRREMEERD, COICZ LWERNSBEOHEBANETLLTWEZ EERL, AL
NOZIZOICECARDEE A R & OBRKRAMGBTHRICLVEBELEDLEEIOND, MHICHERLAL
OICZELWIZ 7yHA Mg, XVUSA NEEHERBERMAER (A0 -3%)&215, X154 hOfERE
DRTIEL D SHERLADEEDTHZD, —7H, 0ICEH, YFFREIYTH SRR (Stolper,
1982)I1d, —EDRRE - ERILARY N TR R VI THoEEZDIENTES, 7/—H1 OB
KRG AERIE, A0 2% 5-9 %DBICHHL, ZO&HEEIET 7 v A NOBRERLIAIHD HEI—
BICERNT B, 7/ —H A bET 7y A NOBRAMAKEROERIE, 77 vvAM MERREDOMEL S
BHAICANI T, 7/ —HA DT 7984 NEARICHERERRLTWZ L ETREBT 5, L EDTS34 CAIMER
ﬁ%@%&ﬁﬁ@ﬁ%m<mun+®ﬁ$®l6wma1%atﬁﬂmﬁﬁé;mycmtﬁﬁént,ﬁ
MA - B DBRRAMADIEEHESHIL, XL LDERKE, RBEIEFICRIELTWSZ EATRIN
1=o BANEHEBREDL S, FHIABRZRABRKDTS34 CAIOFEMEEICIE, PoIcg Y H—nN—"%0IcZ
LWYHF—NR—AFEELTWEI ENREREINDS, TS34CAIDA Y 5S4 hM&T 7 vH 4 MDPAI-*°Mgsi 7
1V oavi, (°Al/?7Al), = (5.003 £0.075) x 10 " OAIRGARIE L &R L, H/ =ZHILER (Larsen et al,,
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2011) & DHEFERZIZS +2FETH D, AFRICLY, KBREEISHSHFERETIC, POICELY
HF—NR—=E0ILZLVWYHF—NR—B, ABREERICHEEL TWEZELBELAER ST,
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A combined study of Be-B and Al-Mg systematics on CH and CH/CB
CAls
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Beryllium-10, which decays to 9B with a half-life of 1.4 Myr [1], is considered as a key indicator of
irradiation processes in the Early Solar System (ESS). However, recent numerical studies [2, 3] have
demonstrated that '°Be can be produced by stellar processes with neutrino reactions, which rendered
reconsideration of the origin of '9Be in the ESS. In order to further understand the origin of '°Be, it is
important to determine the accurate initial abundances of '°Be in several types of meteoritic components.
Previous studies implied that CH and CB chondrites contain a high proportion of the outer solar system
material based on their bulk Mg- and Cr-isotopic compositions and "5N-rich bulk compositions [e.g., 4, 5].
If this is correct, CH and CB CAls may have information different from CAls in other types of chondrites. In
the present study, we have conducted Be-B and Al-Mg measurements on CH and CH/CB CAls with newly
determined Be/B relative sensitivity factors using synthetic glass standards.

We studied 8 CAls from the Sayh al Uhaymir 290 (CH) and the Isheyevo (CB/CH) chondrites. Be-B and
Al-Mg measurements were conducted with a NanoSIMS 50 at Atmosphere and Ocean Research Institute
(AORI), The Univ. of Tokyo. Seven out of 8 CAls show highly variable initial '9Be/°Be ratios ranging from
1.1t033x10™. They cannot be explained by a molecular cloud origin [6, 7] or a stellar origin [3],
suggesting that they have experienced solar cosmic ray irradiation near the proto-Sun. In contrast to Be-B
systematics, all CAls studied here do not show resolvable excesses in 26Mg. This could be attributed to:
(1) heterogeneous distribution of 5Al in the protoplanetary disk, (2) formation prior to injection of “°Al, or
(3) late formation after a significant decay of 2°Al. (1) is unlikely because CH and CB/CH CAls may have
formed in the same region as that of CV CAls (= near the proto-Sun) as inferred from the Be-B systematics
[e.g., 8-12, this study]. (2) is possible because CH and CB/CH CAls have highly refractory nature relative
to CV canonical CAls. (3) may be a simpler interpretation. If (3) is the case, the transportation mechanism
from near the proto-Sun to the accretion region of CH and CB parent bodies must have existed at least
until the timing of CH and CB/CH CAlI formation.

[1] Korschinek G. et al. 2010. Nucl. Instrum. Methods Phys. Res. B. 268:187-191. [2] Yoshida T. et al.
2008. ApJ. 686: 448-466. [3] Banerjee P. et al. 2016. Nat. Commun. 10, 1038. [4] Van Kooten E. M. M. E.
et al. 2016. PNAS. 113: 2011-2016. [5] Bonal L. et al. 2010. GCA. 74: 6590-6609. [6] Desch S. J. et al.
2004. ApJ: 602, 528-542. [7] Tatischeff V. et al. 2014. ApJ. 796,:124 (20pp). [8] McKeegan K. D. et al.
2000. Science. 289: 1334-1337. [9] Sugiura N. et al. 2001. MAPS. 36:1397-1408. [10] Chaussidon M. et
al. 2006. GCA. 70:224-245. [11] Wielandt D. et al. 2012. ApJ. 748: L25 (7pp). [12] Gounelle M. et al.
2013 ApJ. 763: L33 (5pp).
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