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Age-cytometry : new approach for meteorite anatomy
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The chronology for meteorite samples has played an important role to decode the early sequence of the solar system. Amoil
the chronometers based on the radio-active decay of long-lived nuclides, because of the high time resolution of the resulting ac
data, the U-Pb chronometry has been widely used to define the timing of formation of refractory inclusions or to understand the
formation sequence of the chondrite parental body. The high time resolution on the U-Pb chronometers was achieved by th
small contribution of the analytical uncertainties in the isotope ratio measurements onto the resulting age data, and also becau
of the well-defined decay constants f6fU, 23°U and232Th nuclides. Moreover, the U-Pb isotope systematics has further
advantages of evaluating of system closure since the sample formation or crystallization of minerals, and therefore, reliability o
the resulting age data can be rigorously tested. Using the U-Pb chronometer, the resulting time-resolution can become as sm
as 0.2 ? 1 Ma range for chondritic materials, but this could not be high enough to understand the planetary formation during th
runaway growth or to understand the timing of the core formation. To overcome this, we are trying to measure in-situ 238U/235U
ratio from individual minerals by means of combination of two ion collectors. Details of the instrumentation and operational
conditions would be demonstrated in this talk.

Cytometry is the quantitative analysis of cells and cell systems. Cytometry measures optical properties of cells, and mos
often uses fluorescence to measure specific antigen molecules, intracellular ions and DNA/RNA using antibodies, indicato
dyes, or nucleic acid-specific probes. Cells may be live or fixed, depending on the application, and individual cells can often
be physically sorted. ? Advantage of the cytometry are the analysis speed, detection sensitivity, the ability to measure man
parameters simultaneously, and the ability to sort individual cells, and therefore, mechanism or process of elemental metabolis
could be precisely evaluated based on the extensive humber of cells (e.g., Benfall et al., Science, 2011; Bodenmiller et al
Nature Biotechnology, 2012). This approach can also be applied to understand the solar system evolution based on the numerc
number of age data. In recent ten years, we have demonstrated the unique study approach using the distribution pattern
sample ages based on the series of precise age data collected from large number of samples (i.e., age-cytometry) [e.g., Rinc
al., PEPI, 2008; lizuka et al., Geology, 2008; lizuka et al., lizuka et al., Chem. Geol., 2009; lizuka et al., GCA, 2010]. With
the high-time resolution age data obtained by present analytical technique using the LA-ICPMS, further precise and quantitativ
discussion could be made on the solar system evolution through the age-cytometry. The newly developed high-resolution ar
high-throughput age determination system using a laser ablation-ICP mass spectrometry has a potential to become a significe
tool to promote an age-cytometry.

Keywords: meteorite anatomy, cytometry, solar system evolution, multiple collector mass spectrometry, laser ablation-ICPMS
ICP-mass spectrometry

1/1



Japan Geoscience Union Meeting 2014 /0 d ;,

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

PPS25-02 2155213 FFR:5 H 2 H 09:15-09:30

KR EL—7 A b Juvinadc 3513 % 147Sm-143NdE & 146Sm-142NdEAX
1475m-143Nd and 146Sm-142Nd chronology of a basaltic eucrite, Juvinas

SRR DI T Bl P
KAGAMI, Saya'* ; YOKOYAMA, Tetsuya

U T MR R S
!Dept. Earth and Planetary Sciences, Tokyo Tech

Eucrites are interpreted to have originated from the asteroid 4-Vesta which differentiated into crust and mantle. The chronol
ogy of eucrites is important to understand the formation and differentiation of planets/ planetesimals in the early Solar Sys-
tem. The combination of two chronometers, short-livétSm-14>Nd system (T,,=6.8x107yr) and long-lived'*”Sm-43Nd
(T1/2=1.06x 10'yr), is useful to decode the thermal history of the eucrite parent body, because they have the same closure
temperature [1]. To obtain precise Sm-Nd ages for eucrites and other achondrites, it is indispensable to develop highly precis
Nd isotope analysis.

We investigated thé*”Sm-43Nd and'46Sm-42Nd chronometers for a brecciated basaltic eucrite, Juvinas. We examined
samples of whole rock powder (W.R.), 400 mesh grains, plagioclase (Pl), and pyroxene (Px). Plagioclase and pyroxene grair
were obtained by handpicking. Samples were dissolved using a mixture of concentrated pure acid HHC#dd HNQ) and
heating at 195C. About ten percent of the solution was removed and spiked Wit8m-4°Nd in order to precisely measure
Sm and Nd concentrations by ID-ICP-MS (Thermo X-series Il at Tokyo Tech). We separated Nd from the rest of the solution via
a four-step column chemistry. Nd isotope ratios in W.R., 400mesh, PI, and Px were analyzed by TIMS (Thermo TRITON-plus
at Tokyo Tech) with the dynamic multicollection method.

The '47Sm-43Nd mineral isochron diagram of Juvinas, yielded an age of 4@81® Ma. In contrast, th&*6Sm-42Nd sys-
tematic for Juvinas yielded an initi&t*Sm/44Sm ratio of 0.015#0.0074. This gives ?4618263)"(+38) Ma for the age of
Juvinas when an initial solar system ratio'$fSm/44Sm=0.0094 at 4568 Ma is assumed [1]. The self-consistency &t t&e-
144Nd and'6Sm-42Nd ages for Juvinas supports early crust-mantle differentiation on the eucrite parent body as was proposec
by previous chronological studies on basaltic eucrites (e.g., Pb-Pb, Al-Mg, Mn-Cr, and Hf-W; [2-5]).

It has been suggested that cumulate eucrites provide internal isochron ages younger than basaltic eucrites due to a long
history in the deep crust or late thermal disturbance during later meteorite bombardment event(s) [6]. Because of the limitec
Sm/Nd variation in the meteorite components analyzed, the Sm-Nd ages obtained in this study have uncertainties several timi
larger than those in previous studies [6]. THESm-43Nd age and the initial*3Nd/*44Nd ratio for Juvinas are consistent with
those obtained by the mineral isochrons of three cumulate eucrites within analytical errot-846%8 [6]). However, our
146S5m142Nd age is older than the propos€dSm-“3Nd age for cumulate eucrites, indicating that the crystallization of basaltic
eucrites predates the timing when the Sm-Nd systematics for cumulate eucrites reached a closure temperature. It should be no
that Juvinas is a brecciated basaltic eucrite which may not record a correct Sm-Nd age. Further investigation is required to obtal
more precise Sm-Nd ages utilizing unbrecciated basaltic eucrite to reveal the thermal history on the eucrite parent body.

References: [1] N. Kinoshita et al., (2012) Science, 335, 1614 [2] S.J.G. Galer and G.W. Lugmair, (1996) MAPS, 31, A47. [3]
M. Wadhwa et al., (2003) LPSC XXXIV, 2055. [4] G.W. Lugmair and A. Shukolyukov, (1998) GCA 62, 2863. [5] T. Kleine et
al., (2004) GCA 68, 2935.

[6] M. Boyet et al., (2010) EPSL 291, 172.
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7 LT FEf Type C CAID Al-Mg iV 7 4V 71y
Al-Mg mineral isochron of a Type C CAI from Allende

JUlET eds e s e T2 O TR 3 R SO 4 R BT AR
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PRI & £ 5 CAl (Ca-Al-rich inclusion)ld, 45.67(&EFERTICIEE Nz KRR DAL TH S (Amelin et al., 2002)
CAl 51, P 73 J74E T 26Mg N\ & 284 2 1R 20A1 Y, ZRICEENTWZEBID R D> THD (e,
MacPherson et al., 1995)Al-Mg fHXHERRZMHATE 5, AW TIE, 72 TEAD Type C CAL EK1-04-2 (Ito et
al. 2000 DFEM S AT L R FEN AT, Al-Mg ERHEZETTV, CAl DIMBAROFENRERD =,

R ORRE e, ASS T AIfRNT X FE-SEM-EDS-EBSDY A 7 L\ (JEOL JSM-7000F; Oxford X-Max 150; Oxford
HKL) Z W T 1o 7z BBRFINASHT & Al-Mg ERHIE X SIMS (Cameca ims-1270817 5 7z,

EK1-04-2i3% 2 mmD K E XD CAl BT, EICAERI, 7/ =P Ak, AV, T4+ TV A RHhEKS,
TREEHOXRT )V, V—=EIA N, BRCETA -V v A MBS TRLENS, EK1-04-21F, WERIEYIOELL &
(L HHR DBV X a7 e < > MVERIC DT b5, 78T, HIEOAE VMUY OFSSICHEN TV S,
7 /=4 NIAEN S EAEZRT, AU EREAENSMEZRL, BEDT /—Y A F, ARV EET S,
TAA T A R ZRL, AEXI, AV EVEHT, Lizh> Ta 7 Mo ofsabiERZ, A, 7
=Y Ak, AVEY, ToATYARDIEL TS, ¥ MUV 7R &R CHYHA G DD, AERIVDOED
a7EHE 0D, MEEZRTRAERIVET =Y A DAL N, T4 AT A RPMgICEATIICZ LWL EW SR
DEWHIH %,

HERBEY DL Z AR X CCAM T4 > T4 Lz (deltal®0 = -4470 5+9 /78— 3 )L), A )LIZa7 - 2 b
JVERH /5T 160 IS E T (deltad®0 ™-43/8— 2 V) —T5illiliz & > T\ico —/HTY /—P A MEay - < MV /T
TH—IC 01 Z LV (deltat®0"8/8—3)V), AV VT oA 7Y A Rid, a7~y MVERTERZ 2Kz R L
Teo ATEDAV Y ET 14 X TY A RIIE—GHBERM AR ZRL, AERVET /) —Y A FOHEOEZ/RUTZ
(delta!®0 ™-15/3—)V) B, IV MIVEOAV & T o AT A Riga7Hfosn X b 90122 UL ZDRNMAH
RIS TEE TH - 7z (delta®0 = -130 5-4 73— 3)L), DX b, BERNAHEHENS RS E, T CAlIZAEX)VDRE
fbVEH, a7HoxV ey e T A TY A FOMEUER, ¥ MUVEOA Y Er T 14 751 FofiabrERIC
KlEn, IV RVEOA ) B & T 04 7Y A R EIFHEWI ORI T,

Al-Mg D7 AV 7ayRN G, a7 EOAE 3 )VIE 25A1/27Aly = (3.52£0.15) x 10°° DEE ZFOf EIc T ay +
INBN, arHOLIEy, FoATHAR, T =P A ME2OAIZAlG = (5+5) x 1077 DIEE ZFFOR Eic
FENTz, TOMEE DRI 460 TEOFNREICH YT S, —/5T, Y2 MUFOXV VT4 Y1 Ridaris
DAV, TA4FTHAR, 7/—UA " 5E2EMO NS Ty b I N,

DL OB L BERENA DD S, TTEIFRDOE S IR ENZEEZ 5N, COICEBHKEE DAY
TV G AUTZ EK1-04-21i5R CAl DN TARZ 5 Ulze ZD X)L R & 160122 UWWIEAKPGREEH A & O TR
PRDASHNEL T O, HOVERM AL RS 0IcZLWA I Y, T T AR, 7/ =91 "D EREREL, CO
HTAREA XY DI RAERIVIERD B 460 JTHEZICEE T D, TARNRZIZH 1600K TH > 7z, RIC, TOEDIT Al-rich
IRV 2—)bD&H7% 0012 LK delta? Mgy DKW PIENVDEATE L, HUERDTAR L B X2 2R L
Teo 7 /=Y A FETHERDE P0I1CZ LWEBEFENAEKZ & DD, 0 CAID T TV TFEARRIKICED ANz
BRI S TEBERIFHOMR L EZ BN S,

AWM D, T CAlFIFEIARFGRMEET TLE< L 19 460 T ERIE > TH D, ZOMICHEERIOMETARLA N>
R 2R L T2 &b o7z,

F—"7— R: Al-Mg, CAl, SIMS, BBZE[FINIA, FIHHKRGREE
Keywords: Al-Mg, CAl, SIMS, oxygen isotopes, solar nebula
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LL4-6 5@ R A MEAHY VBRI O/K & A 8 N O/KE RN
Water contents and hydrogen isotopic compositions of phosphate minerals from LL4-€
ordinary chondrites.
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London

HIERD/KDRRIZ. THE THRAKRIZRICK D, HEOMIHGENEZ 5N TE T, EOMEEN SEHGE Nz
Zikamd HBRIC, AKERNMAHEDEEE LTESHVLGN TN 5,

BRI, KOBGIREOE N O—DTH %, A —)V FERFEOHRII D FEMEEKTIEKT 27 BV T 7 X
KZ2RFL TS, B FEMBEE TR, 4 V0PRSS K > TEKRICESIKDIER E NS TH, £ OEHRE
WV DH 7z fi> T2,

HiERICIE, ER2UNOHERNWIE ETRKT %, HEIY RI A MEAIE FEAD9EZEH2E - 8H b SN
BBOTHD, T, BARFKIKTH S SEVNKED, K2 EAREDMICH Z/NEER O K b AflloHEZ HR LT
BO., MO/NRE &g U THIEERIOE W HEZ 5Oz Th %, HlaY FI A MEAIZ, EEOSDFERICK> T
H. L. LL O 3FHHICHEEI NS, LL OV FI A4 MEAD S B, HFE O BE R EZIF T EW Semarkona (LL3.0)3 &
R ARG TS, TOEIRT A BEHIC DV T, Deloule and Robert (1998%. fthod KR5RMIE & Ll L Tk
FIANIAFHEK (+4600%0 ? 6D ? +3300%0) ZHFDC & &R Uiz, iz, H51%, T OKERNAHKOLED, HEDX
5 IS RIS TR E NIOKDIEZ KL TV 5 T & 2R LTz, STUNSSEDNHIERIGEVHEZF > Tnb T &M 5,
LL Y FI A FEODOKERRNAMEMIE, HEGLEEEE THENE 2 L Z2ENMNT S AREMND D 5,

ZITHE@AIY FIA MEAIKERL, HBRNALKZZ 72 L 32 FZ A FEAD Mocs (L5-6) & U Ensisheim
(LLG) ICEENS Y VEBESY) (7732 A S RO AV T4 +) OKERNIAHRZRIE Lz, ZOFERE, Mocs (L5-6)id 6D
= 0+ + 100%0 CHUBROD /K & [RIFEEE DK E RN AR Z /R LTz, —/5. Ensisheim (LL6)i&?17000%0 & JEH I 5\ > DIH
bR Ulz, lbE& D, E@aY R4 MEADHTE LL 32 RT 4 MEAIE. &V DM RS, BEREO &S LL
OYFIA4 MEAE DHEDKRZEVWEEZEZOSNS, LML, BERENEWE @I Y FZ A FEAD H20 GARIF KW
T2, 2NV CIRRE/KIC K B8N REL, MO LL 22 FF A FMEAHEW DIH tLLZF O DM I RIAE - 72,

AW TlE, BEREDRRZ 4DDLL OV F5 4 MEAICEENSD Y VBIEIYICDONT, ZRA 4 VEHEDH
71 (SIMS) & FlW T2 ST RN ATIC & O HIBRODIKIC K 2 15RO F 87 b ix < U TKERN AR Z JIE Lz,

AL T, LLA-6 ICFHE N TWV 2 BRI A O @ > R 1 FEA (Soko-Banja(LL4)., Tuxtuac(LL5).
Bandong (LL6). Ensisheim(LL6)) DFEATEN ZH Wz, U VBRI ORRE N CEREHICIE, BERRHEERS
FUEMSE (FE-SEM JEOL JSM 7000-F 2 U3 )L F— 778U X #ikiHids (EDS Oxford INCA Energy ZHW ez, F7z,
) VRS D H20 JE B M CIKAERNAADHTICIE, KA A4V EE7HEEE (Cameca ims-1270 SIMSZ iU 7z,

) VBRSO H2O BRI, EDY 2TV TE 100 ppmll FEW D iz /R Uz, KERNAHKITWVI N E FHK
FICEATEL, D, YU IVFICE G > Tz, FFHIC Ensisheim (LL6YD U »EEHHEMIO 6D fiEild. AT 23000%0
LWV D KIGRYIE & L U T & IEFICE W DIH R Uz,

Soko-Banja (LL4)K U Tuxtuac (LL5)D V) > &SRV > DIH LRI @ik &Kk & OFEEAIGIC & D AT B 7KkE
T ZDERIC K D HIARRETH %, L Lah'S, Ensisheim (LL6)K U Bandong (LL6)D V) V&SI DOIEH I K E W
D/H [tid, TORIIC K ZEEDH LV, LA > T, LL6 O/KERNAAFHRDORAL, ZWRBICERD K S S ftho K
RICEKDETEEENT EZRBL TV,

F— — R RERNK, KA F EEME, VU VB, 73 % A b
Keywords: Hydrogen isotope, SIMS, phosphate, apatite
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Fx 5 CafTilkZ DR 7 A A~ O RILHCEEE)
Oxygen diffusion in perovskite with different Ca/Ti ratio

R ARZET 1 I BT i et s R R
HASHIGUCHI, Minakd* ; SAKAGUCHI, Isad ; HIROSE, Sakyd ; OHASHI, Naoki

L) VL - APRIDTZEREAE, 2 (FR) B SRR

INational Institute for Materials Science (NIMSMurata Manufacturing Co., Ltd.

<ECHIT> RFEH T FTA MEATO Ca, ANCETHHEFEMETAEY) (CAI) &, KGR TRE HTWERZRTEAT
Ho, AVFA L, AR, T /=P Ak, XBTZXhA b (CaTily) R EDIYHh SRR E NS, CAl Sivk, =ik
FFNAK LI B THEEITKT LIEWEE 1 OERICIA S 28172779 [Clayton et al. (1973)E &5, FIHIKRRA D
BERFANAREOEIRZRIEL TWD EEZ LN, @EmhMThN T3 [Yurimoto et al. (1998); Itoh and Yurimoto (2003);
Katayama et al. (2012); Park et al. (2012)F L C, CAI #i¥id, EEFRPEARKE LTRICK 3ZEM 2L TW5
EEZONDY, FSYOBEIHCEEE 2 iR 5 080 H 5.

N T AAA FEhD CAlHEY) K O & BMrR E WIBRILEREZ 7~ 9 [Gautason and Muehlenbachs (1993); Ryerson
and McKeegan (1994); Sakaguchi and Haneda (19980728, X7 XA t OBEEFRNAHKIZ, CAl SEYIORE L
g 2 FiR S 5 A D 7% [Ito et al. (2004); Park etal. (2012)] LA L, BT ZAHA b OEEELBUREOH ]

WL, iz, SATHIEOMGEICIZN LFFOE DD S, AWK TIE, BRILEZEEHZZLIE2EKE LTXa
7 "AAA bO CaTithicERH L, CaTilkDRE2 07 A h A S OBAILBGREZ RO 2728, B0z b L—P—&L
72 73 A-EHAR DRI AAATLBGER 217 - 7z

<REEFE> SHIED CaCQ, TiO, MAZHHYIE L L, Ca/Titth 0.098-1.00DEAMAEIER LTz, 0 LE
b2 a=7 (PSZ)r— )L\ e R—)V U Z T 1214, MikZ S — MIRICIE L, K&H 1350°C T 2 IRFfEBERK
L, CaTitkOREZRa T A hA E2iEREZEZ. HLU, R—)VI)UMIREIC Zro, DMEA T S A[REMEN D 5720
Ca/Ti LLiZMmRIEARD 55 0.001-0.0015 N5 & EZ H5N5.

ARHE, BEMIHEIC X B8 LR, BHEX XA —YZBRET 578, R&XH1200°CT 1R =— )b z2fio7. &
5IC, 180y HAHICHWT, 750-1050°CHHE F TR Y —=— )L &, A4+ VEHESH#E (Cameca ims-4ff
WTBORETOT 7 AV 2RUG L, BRILEREUZ KD 7.

<SEREFHR> TNICECRNO T AN A FE2FEMATIE, BERIDSHE 2908 BLECA), £ 100 nmOEIS H S if
F BYLE (BB B) DIF(EDHERR S Nz, BRI &5 100 nmiC B3 % XA F U BRICHE W T, B0~ 3RS LT
B, 2DODWEIG EE L EREILRTHZ LHEZENS. CalkBUERT T ANA M TlE, TDXIH7% 2 DDILHSA
BRLENEM -7, LA, B EB5ICBNTE, XBT AN A b OBEEAREILBRRE CaTiltic k> TREZ T N
S iz, 950 CRAUE NICHU 2 ILEREIE, CalTittz 1.002% UTHERK L 7zadkl Tld 7x1071° cn?/s, CalTilt%z
0.098& U THERL L7zitEl TlX, 7x10713 cni/s (BEEL A), 1x107 't cn?/s (H B) TH O, & TORKIOILEIR U,
72 D5 [Gautason and Muehlenbachs (1993); Sakaguchi and Haneda (1096)f & W Ml TH - 7=.

REE IV RS A FEAD CAIICEWNT, 0ICZ LW a7 AAA1 F [Ito etal. (2004)]& 0 ICELXTT AH
A I [Parketal. (2012)pREETNT V5. §iElE, BERK THBRAMAHBKNZIL LD THS EEZDN, —7,
BEIBERZINTEDTH B EEZEZLBNTVS. HERBROKRZEN S, RO T A1 S OFEERNABIE, CAl
DA U Te BB IR 2 K L T2 EEZ BN, ARORRN D, BIIEIC K > TR T XA Ak OEEFIL
WHEDEHN T 2 XA LAT—)IVE, TNETEZLONTWEED BERMTHSRENND 5. £z, X7 AhA
~ DOEEEILEAEN 2 PR % 7= DI CalTi Lk ZARDRENH 5 T Lo 1z

%1%, NanoSIMSzHW 2oz, X7 A4 b O CalTitb W BEILEEEEI 22 S8 2 A =X L, BXU T
IKEEROT AAA M 2 DD (A, B) BWRBNFHERZEHL TWEWEEZ TS

F—T—F: RXOTAHA b, BERBEEL
Keywords: Perovskite, Oxygen diffusion
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U Al/Mg b 779 FUN BSR4 MalaYIoF A
Newly identified hibonite-bearing FUN inclusions with low Al/Mg ratios

T WO Y PR B AR FIE L =N S L S B 2wl B S R A S AR s
FUKUDA, Kohei'* ; HIYAGON, Hajime! ; SASAKI, Shogd ; MIKOUCHI, Takashi ; FUJIYA, Watard ; TAKAHATA,
Naotc® ; SANO, Yuji® ; MORISHITA, Yuichi*

VRS EGFARIIZERE, 2 < 7 A TS 2 ZAL A5, 8 RGO R KRR ZET, 4 SRR A R AP 5ok
!Graduate School of Science, The Univ. of Tokyblax Planck Institute for ChemistryAORI, The Univ. of Tokyo,*Graduate
School of Science, Shizuoka Univ.

SRR AEY O—FETH % FUN(Fractionation and/nknownNuclear effectsi® & R b (CaAl;2010) WHYIE. 71
WD LRFZ Y DLERNARIC BT 2R & ORI 26A1 OEZEJRTH % 2Mg DBEIDHEZRE T NiZ0EON
FIET %0 ZERNMKICEE ZRT T e D, TNEDOEEYNIFENAIE LN T U TWAERWEHE, DF DI
PR DEALEFRIC 38U 2 IAIHERBSICTE R LIz T DAl 2 %, F iz, 20A1 DIEBIVMHR S NAV T ik, chbod
YA, TEEEFED Al WRGRICHEBAENS AT, & L UIKERATO A1 DAL E—L T NN E N iz
AlREMEZ R 9 %, > C. FUNWEYIRP R MaEYNCET 20281, KinRxgIAOELL 2t < L cHEHE
TH5,

AW TIE KGRI OVIEE(L., FRCEM A~ b7t Rz 52 % T L2 HNE L, Murchisonf8 4305
TEELTZ3 DD RF A FEEYNTH LT HD XA F ARESHEF (Cameca ims-1270, NanoSIMS 60z iV =<
T L, VeI L, FRY BRUOBRANAI N ZITo72. Al-Mg 8K T Ca, TiFRNIASHTOREER, KExER
HAFZRNIAA R (~B5%/amu) & #14 25AI27Al tEA T, E 51 CaB kU Ti DLERNAKICH 2 8E (~1%) %
£ D, FUN BRI 1 MY 3D (MC037, MC040, MCO03 R L7z, CTHUIDE O 3 DOWUHEYIHYIEIR S EFLHk
FHICIERR U mTREM 2 R IHE R TH B, Fiow AWIEICENTRDD > 72 FUN @AY DO RF A bd. PERmE X
NTWZUTHART AlIMg HEDSIERIS/NE WV, R MCO40IC B L TG S N TV BT E AR D RINLAS I %
RUTEDICEED 5T, AIMg FRIZZNSITEERT 12 H7hE W, Zhud, RGN TV FUN e R+ haf
PN, 3 D0 FUN WEYIORIERIEN X D Mg ICEA TWIZAIEENZRE T %, £, BRFENAHRIZA 170 =
~-23 %o DE BAIRIFEFEINIAZHIESRR Fic oy b ENiz, o T, 3 DDOEEYONIERYIE I — R B A T
H3 CAl ERZHDOFK (§ 17180 =~-50%0) ZEHi>TWizC EMNALM R o7z, EHIC, HBBZROME, 2mdh
TSGR RTEONH D TEREEOIEA « HHBEFRICH 7250 7% 5 2 2 [ REMED H %, FUN @BV DI BGEFCIZER]
EXBECE AT SN Z 0D, RIS K > TRIBKYIE O S CIC N RE OFEE, £ 72hER - IBEERIC OV T
X 5B DR S Nz,

F—T—F: FUNAEY), e RFTA b, ZRAF VEBEDHEE <7 322 LEGHE, V2D LB K TF 2 VENE, B
[SEIVAY
Keywords: FUN inclusion, hibonite, ion microprobe, Mg isotopes, Ca and Ti isotopes, oxygen isotopes
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NWA 3118 (CV)[E15 igneous rimf1d O-16IC FLsA4 Y B
O-16-rich olivine in igneous rim from NWA 3118 (CV)

FRFH S 1 5 A TR 2 5 IAA ¢ 8
MATSUDA, Nozomi'* ; SAKAMOTO, Naoy& ; YURIMOTO, Hisayosht

VAGHEE R ER AR AR E SRR A, 2 A LA BRITTFERAE, ® ALHEE 2 B AT IR A AR
INatural History Sciences, Hokkaido Universitf;RIS, Hokkaido University}Natural History Sciences, Hokkaido University

FEA O FERERY ©H 2 HHEFRMEEAY) (CAD BXUay R 22—V, BEICKE LEWBERM AR 28D
(Clayton, 1993. —f&lC CAIZ O-161CFH, IV RV a—/UZ 0-16IcZLWEeEZ 5N TE . 4, CR2OV RS A
FMEADOY R 22—V LH5 O-16ICEL AV B R T O ENRE S NUEDTIH D (Takeda et al., 2002; Nagashima
etal., 2013, a2 RV 2 —)VEBIBICIFAEL TV 23> R Y o —)URTERYIE OBERFRIN RO RZ (405 L T 5 nfREM:
WRENS., £z, YR a—)LY LD O-16ICEL AV EVIE CRRZEMCE ENS SV LTV ADNHISEN
TV, ARIFETIE, AR K CHRNMABEMEEZ W BEAN AL A—2 2 71Xk D CVv3aY RF 1 hME
ADAY FY 22—V LD O-16ICESWEDIMiZHEMMCT 2 2 e Z2HNE L.

ARHTIE, NWA 3118 (CV3)HD >y RV a— )Lz, MEEEs K I AHHs 7 Hrid FE-SEM-EDS (JEOL JSM-
7000F; Oxford X-Max 150%, #&&4/5hif@HTICid EBSD Y A7 L (Oxford HKL) MWz, BEEFNAA X —JIFFENL
TREEMBE (Cameca ims-1270 + SCAPE) U 7z,

BRULEaY R a—)UE, EER 143 A=)V O Mg-rich (ZA7°1) porphyriticaI> RV 2 —)LCtH5. AV
RU 2= iE Mg ICEB AV EY, low-Cali i B I UEABEBRAVARZ Y ATHKEN TS, a2V FY a—)L) Ll
KSERZRER LT LB XA DN S e PRz R L, mA 40031 70 X— MLOMEZRD, a¥ RV a—)Lekz
HATWS. a2 RV a—)L) L Felc B4 VD ERDIMITH D, low-Calfifs, High-Cakififs X Uiy
MFET S, TDFellELA Y BN T Fe-MgDIL2EHR Y — = Fhid 6 h, BOHRIK ETES - 722K IE
FIC & Feln D EARIERIC K > T Mg L faLizd D e EZ 5N,

FEEFINIAA A=Y T OFER, ) LI O-16ICETA ) B R 2 TR Uiz, Y7 X1E, 10-30% 1 710 A—
MUVTH -7z, EHIC, O-16ICELHEIIK 2K TId AL, =27 Tho, O-16IcZLWA Y EVICHEN T,
BT Mot £, BRANMAORNIEH EALZHKSHIE L TR o7z, ThEOBIEMRIE, O0-16
WKEBAV 2 E LT O-16IcZ LAY EVhA—/NN\—F a—A LT L 7Z/RT.

CVIAVRIAMBADIAY R 2a—)LULICE O-16ICELA YV BN EET AT M5, TV RY o —)UERKGHEE
I O-16ICETMHEB LT O-161ICZ LWWED A IMFEL TV EAVREENS.

F—=U—=F: AV RV a—)V) L aY RV a—)b, BERMAHK, REEI>Y R4k, SIMS
Keywords: chondrule rim, chondrule, oxygen isotopes, carbonaceous chondrite, SIMS
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I FY 2 —)VONEGHRE & T DORA _ .
Internal structure of chondrules and their possible origin

(L S L N
TAKAHASHI, Eiichi'* ; NAKAMOTO, Taishi'

VRO LSRR AR B LA e Rt R R R R A I
LEarth & Planetary Sciences, Tokyo Institute of Technology

In order to clarify 3D shapes and internal structure of chondrules in Allende chondrite, we have separated 180 chondrules grair
and investigated them with X-ray CT apparatus (Scan Xmate-D180RSS270) recently installed at the Museum of Natural History
Tohoku University (Tsuda et al., JPGU 2013). We also developed an optical device to measure 3D shape of chondrules or othe
spherical objects (Nishida et al. JPGU 2013). Our results revealed that chondrules shapes show wide distribution consistin
of true spheres, prolate-spheres and oblate-spheres. Chondrules with porphyritic textures distribute in all shape categorie
Chondrules with barred olivine texture (quenched from super-heated melt) show a distribution between true sphere and oblat:
shape. Implication of the 3D shapes and internal texture of chondrules are consistent with the shock-wave heating model (e.c
Miura & Nakamoto, 2002, 2008).

Due to the density contrast, textures of Fe-FeS phase are most easily observed by X-ray tomography. By melting, coagulatic
and growth of Fe-FeS phase occur in chondrules. In some chondrules, coagulation resulted in mini-core formation (driven b
surface energy minimization, see Fig.1). It is suggested that duration of heating episodes could be estimated by coagulatic
textures of Fe-FeS. If chondrules were formed by shock heating mechanism (e.g., Miura & Nakamoto, 2002, 2008), separatio
of molten silicate and coagulated Fe-FeS droplets would have taken place during acceleration and slow down of chondrule:
Accordingly, significant chemical fractionation took place by dynamic processes during chondrules formation.

In X-ray CT images, many chondrules are surrounded by 50-200 micron thick rims. Coagulation and growth of Fe-FeS
grains are observed in chondrules-rims as well as inside of chondrules indicating that temperature may have exceeded ~100(
(eutectic point in the Fe-FeS) in the chondrule-rims. The common appearance of growth texture of Fe-FeS grains support
high-temperature origin of chondrule-rims rather than metasomatic origin. Clear textural distinction between chondrules anc
their ambient rims may correspond with presence or absence of melting in silicates. Most abundant element that volatilizec
below 1000C is sulfur. It is suggested that sulfur would have acted as a glue to coagulate dust particles onto molten droplet
(chondrules) during shock heating episodes.

F—U—FR: A, 3V FY )b, il B XRNET ST 10—
Keywords: meteorite, chondrule, texture, origin, X-ray CT

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

PPS25-09 2155213 5 H 2 H 11:15-11:30

INER - 2 IR K B TR U NPRA D AT

Artificial cosmic spherules produced by heating and quenching experiments

MERRE S b RS i
GONDO, Takaaki* ; ISOBE, Hirosht

L RRARAE R AR F AR AT SR B AT

LGrad. Sch. Sci. Tech., Kumamoto Univ.

FEfICIE, Foa NFEDHIBR ETEONERE G, D OREBENZEEYENZTEN TS, HADI by F A—
M VYA XL RO NERI 7255, UNEA (MMs @ micrometeorites &9 . HIBRICTRSET B/ A DR, BE
AE XD B EFIICZ <, FRK 3T FBHERICIE TEBLTED, TONVIT—ra YEIERHICEETHS. T
DIz, WNBAIZKBGERDBENYIEOMS 2175 ETIFRICEETHS. MNEAIE, HIERICRR T 25, K&UE
ICBWTEMITIEE N, ZO®%RAMEND. TOEREIE, HNEAOME, ASHNCERIKFT 5.

i{ﬂi%kﬂJa_‘é“% B OBAIE, MAXNLEERTET T L—ya vick->Thbhn, ERbE® X o WIS AR
DB EZFT TOEWEORIREOERZHREFELTWS. LML, M/NEG TR TFDIERI/NI Wz, tnEo

%b‘*J?WjBLL&/U’Cb\ZDT EMENH B, ZDIs, FREINIMNEANEN EDRREDIEADZE 2T TV 5
0)73‘73’:%[1%) T &E, HIERE FRiOM/NEAAROMEZM2 L TEETHS.

Z T T, AWIZETIE, kﬂbuﬁ\kiéﬁmﬂ%ﬁb‘t&%KEh%ﬂj@éﬂ’]ﬁfﬁid\ﬁaE@*ﬂi“(%% %100 p mAEED
RTICDWT, REZEADBEDOINE  1mHEROHRZR A2, FERCIZ, AllendeBEfs (CV3), MurchisonfEfi (CM2),
Zaglefs (Ha> Ro4 ) %ﬁﬁb‘tﬁﬁ%%%ﬁo Tz. LT, TNSEEBERY L RKIROWUINEA & 72 Lhifig Ungic
KBMNBEANDOFE L, ZOREVEICOWTOME 21T 7.

KEROFER, ZTNETNOHFEMET L TENTNRRZ N T— 3 VICETR BRI NIz, FEERYI ORI
ICBWTIX, SERICTAR UBRIEIC R o ki v (BUINEA DO HTHRRIC cosmic spheruleg FEENLS & D) ICHS T 2 ERIED
K ACHER UBIS 2 T T2, ENENEAOWEZ W 2FERIC I T Cryptocrystalline S-type spheruléd Barred olivine
spherules Porphyritic olivine spherulés & K58D cosmic spheruleT# 5 & TV 2 fRRIC IE R IS Bl R 7 O FEIC BRh
L7c. ThUCKD, HERPEL AT 2 REMBNIEICDOWT, ZORFEZHEET 5T EMNARETH 5.

F—TU— RN UNEA, REEIY RIA M HAY RIA b, RENE, AXI v 7 X7 2)b—)b
Keywords: micrometeorite, carbonaceous chondrite, H chondrite, atmospheric heating, cosmic spherule
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O RV 2 —)V KU CAl MMIFHRR O P BISEER: 8 e ) ATHIEEIC K2 7 7Tu—F
Experimental reproduction of microtexutures of chondrules and CAls by reducing-gas
levitation technique

U IS e TR AR RN A 2 A T 2 R B 2 R EE 3
SETO, Yusuké&* ; ICHIMURA, Shun' ; MATSUNO, Junyd ; TAKAHASHI, Ryohe? ; TSUCHIYAMA, Akira? ; KOHARA,
Shiniji®

VIR R - Bt « B, 2 RUAORSY: - Bt - BE, 3 s ED R A v 2 —
IKobe Univ. Sci.2Kyoto Univ. Sci.,3JASRI

Chondrules are the most abundant component in chondrites. They are mm-sized round (or irregularly) shaped particles main
composed of silicates, which formed by the rapid cooling of droplets of molten or partially molten rock in space before they
accreted. They show unique and diverse internal micro-textures (e.g., porphyritic olivine, barred olivine, radial pyroxene, etc.),
even if they have same bulk compositions. These internal textures, therefore, should reflect not only stating material compc
sitions, but also nebular conditions, such as gas species and their partial pressures, heating and cooling rate. CAls are anotl
major component in chondrites, which are also known to show the evidence of molten and quenching textures. The condition
of chondrule formation, however, remain poorly constrained, because the reproduction of the chondrule formation processes in
laboratory is experimentally difficult, especially in terms of container-less arrangement and reducing {jawitlent. In the
present study, we conducted gas-levitation and laser heating experiments in order to reproduce micro-textures of chondrules a
CAls, and constrain their formation conditions.

As stating materials, we used (i) natural olivine {f)ofrom San Carlos, USA, (ii) matrices of Murchison CM meteorite, and
(iiif) mixed compounds of melilite (GaAl ,SiO;) + spinel (MgALO,4) which are analogue to CAls. The molten-quenched droplets
of these samples were obtained using the gas-levitation and laser-heating experiments, which avoided both contamination of tl
molten samples and heterogeneous nucleation by crucible surfaces, at SPring-8 BL04B2. 1-2 mm-sized droplets were heated
a continuous-wave CQaser, and were levitated in 96% Ar + 4% Igas to achieve reducing ambient. The temperature during
heating was monitored by a pyrometer. Surfaces and internal textures of the recovered samples were analyzed using SEM-EL
and -EBSD (JEOL, JSM-6480LAll and JSM-7100F).

(i) As a result of experiments using San Carlos olivine, olivine was re-crystallized under any condition. They show micro-
porphyritic texture consisting of fine grained (1 ta:&) olivine, which are equal in composition to the starting material. Mag-
netite (FgO,4) or hematite (FeO3) was completely absence, which suggests the low(iDleast MFQ buffer) was maintained
during the present experiments. (iii) The recovered sample of Murchison CM chondrite shows barred-olivine like texture. The
platy (10um thickness) olivine crystals (kg 40) are embedded in a FeO-Si@ch glass. Idiomorphic fine (m) magnetite are
also observed in the glass. EBSD analyses revealed that most of the olivine plates are normal to b-axis, and the crystallograpt
orientations in a parallel platelet domain are identical. (iii) As a result of experiments using melilite and spinel compounds,
dendritic spinel was always crystallized from surfaces to core irrespective of sample size and cooling rates, and they are embe
ded in Al-rich glass phase. The demonstrations of the present study show that reducing-gas levitation experiments is a powerf
technique to simulate the molten-quenched texture of early solar materials.

F—U—F: aY RV a—)VBR, IEEEEHAR, MiskR, BEAERINENE, kA v
Keywords: Chondrule formation, Molten-quenched texture, Crystal growth, Containerless heating, Barred olivine
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NWA1232 COFEA FHDEZERLE D \73 ahzatsal _
A unique lithology in the NWA 1232 CO3 chondrite containing clasts of different meta-

morphic grades

FnAR 7 s RERE RIER 2 0 MEAY 2 LR AR 2 MBI X072 S s 3 TR K 4
MATSUMOTO, Megumt* ; TOMEOKA, Kazushlgé : SETO, Yusuké ; YAMAMOTO, Yukiko? ; UMEHARA, Mariko? ;
MIYAKE, Akira® ; HAMANE, Daisuke'

VIR KA o 2 —, 2 R ER AR B AR, 3 UK AR A BB ARt 4 SRR AR 22T
LCSREA, Kobe Univ.2Graduate School of Science, Kobe UniGraduate School of Science, Kyoto UntSSP, Tokyo Univ.

Northwest Africa 1232 (NWA 1232) is a CO3 carbonaceous chondrite consisting of three lithologies (A, B, and C) that went
through different thermal historids?). Kiriishi et al. [* found that lithology A contains many small clasts (100-400 micron
in diameter) scattering throughout the lithology. These small clasts typically consist of one chondrule surrounded by matrix
and show little evidence of thermal metamorphism. Such unique lithology has not been known in other CO3 chondrites anc
potentially provides new insights into the formation of CO3 chondrites. Here we report the results of detailed mineralogical and
petrological study of NWA 1232. The study was performed using SEM-EDS, TEM (STEM)-EDS, EPMA, and SR-XRD.

The thin section of NWA 1232 studied consists of lithologies A (738%nB (624 mn?), and C (196 mr#) that are sepa-
rated by sharp boundaries. In lithology C, olivine phenocrysts in type | chondrules have relatively homogeneous composition:
(Fas_13) and exhibit weak Fe-Mg zoning; these correspond to metamorphic grade 3.4. The matrix consists mainly of fine grained
(100-500 nm in diameter) olivine that is relatively homogeneous in compositiBag(). In lithology B, olivine phenocrysts are
more Fe-rich (Fa_42) and exhibit distinct Fe-Mg zoning; these correspond to metamorphic grade 3.7. The matrix is mainly
composed of relatively coarse-graineg500 nm in diameter) olivine that is very homogeneoud,).

In contrast, chondrules and matrix in lithology A exhibit considerable chemical and textural diversities. Olivine phenocrysts
in chondrules vary widely in composition from £t Fa;3. Most of Mg-rich olivine phenocrysts in Mg-rich chondrules show
almost no Fe-Mg zoning; these are similar to those in CO 3.0 chondrites. Their surrounding matrix consists mainly of very fine-
grained Mg-Si-Fe-rich amorphous material. On the other hand, most of Fe-rich phenocrysts in Fe-rich chondrules show distinc
Fe-Mg zoning and their surrounding matrix consists mainly of coarse-graing@d0(nm in diameter) Fe-rich-(Fay) olivine;
these are similar to those in highly metamorphosed CO 3.7 chondrite. There are also many other chondrules whose olivin
phenocrysts have compositions intermediate between the Mg-rich and Fe-rich olivines described above. The matrix surroundir
these chondrules mainly consist of fine-grained (100-500 nm in diameter) Fe-rich olivine similar to those mildly metamorphosed
CO chondrites.

The chemical and textural heterogeneities observed in lithology A cannot be explained by thermal metamorphism of a single
lithology. The results suggest that lithology A is composed of many clasts that underwent various degrees of thermal meta
morphism in different locations of the parent body. The results further imply that CO chondrites had once experienced various
degrees of thermal metamorphism in different locations in the parent body and subsequently went through extensive brecciatic
and mixing.

References: [1] Kiriishi and Tomeoka (2008), JMPS, 103, 161?165. [2] Umehara et al. (2009), JAMS Annual Meeting (ab-
stract). [3] Kiriishi et al. (2009), JAMS Annual Meeting (abstract).

F—7— F: CO chondrite, thermal metamorphism, brecciation, clast, chondrule, matrix
Keywords: CO chondrite, thermal metamorphism, brecciation, clast, TEM, SR-XRD

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

PPS25-12 2155213 FFR:5 H 2 H 12:00-12:15

AllendeBE Ao DIKENERERER @ R RERAAD/KEBRETOfEIA% Hi5 L T

Hydrothermal alteration experiments of the AIIende meteorite

B fEz o RN FOE T U REST !
IIKUNI, Tsuneyuki* ; TOMEOKA, Kazushigé ; SETO, Yusuké

LR REER B E IR

!Graduate school of Science, Kobe University

lECHIT: IRFEEIY R T A M, (b2 - ERENICR B BIFENEYE TH 2 L EZ 5N —HT, ThoDE i
FEATRERAR ETKRBIC X B AR EZ I TR 2 U TV 5, FHCK &S OF BAER NI IEE O Y B b 72 Sl
LIEBEREBIEH EEZ DN T WS, IKEERICEK > TERI NS “RINIBEGDILZEN 2 A T T Liciixb, 2D
c &ciﬁaal%zl:@kéﬁaf* (R, ZE R pH, KPS T, BB E R &) OBVWEKM L TWE EEZ6NS, ThE

REEIAY FIA FOFEREKIYI TH 5 51> A aIc B LT, IKEA IR 1o, IARFES pH &K
W@@B@%komﬁ&iéhﬂ\% FI=#2 T, REEDRFEE Y FTA b RHWTZH #3 13700, ARWFZE T,
IREEAY RT A FOHRTEIKICK %ﬁﬁkiﬂ%‘ﬁb\ CV3 2 A 7D AllendefBZHiIRMEL LT, REZEIAV I A b
RERIRZ B U 72564 T, KB IR IR 21T 5 Tz,

EER: HREME L LT AllendefBEAZ 70y 74K (2.5 mmX 25 mmX 6 mm)ic v b Licd DEM Wz, KIGTAR
B E DR #4 2512 LT ,H.0 (pH 7),3.1X 10~% N-NaOH (pH 8.5), 1.0x 10~* N-NaOH (pH 10), 1N-NaOH (pH
14) ZRH Wz WEIRIA AL (WIR) IZRERIAEREEE LTE X5 % 0.5°,2 88 Lz, idBFAMBRE LTAT VL AED
MEAFICE A LTz PTFERSRD XTIV A TR )L (JVER: 25 ml, NAEs: 1 mD) ZHVWz, AESCEBEFELVEILVE
DI TAXITLBRUOHZEA L Hy HAZREETE S T & Tl ENZ @ tHFHAICR o T 2RI, X TRE
200°C. HE1%7 155U (200 °C CTOKDEIRIZELE), Wi 168 R DS F T 720 BIUGRENE, AEHE X SR IEIHT 2
(SR-XRD) = HW TR EEAHIEIE 21T\, EA T FBEMEE (SEM-EDX) 7 FHW CAIFHRR OB B X U O 21T - T2

HEREER pH7H D WIR0S5DEMNZBRN 2T RXTDEETT MY / I AN =RV T ¢ VIVER LTS T &
MHERE NIz, =XV T 0 VIE< RY w7 2HhOA) © Y OREZFET 2 XS IERLTHEY pHIVEL KB1FE
P—RUT 0 VOERENKEL RBEIN RSN, Xz, s8iEE (pH 14) WO WIR EE (0.5) DEMETIE A AT 2 A
N OERE RS NI, (EIXTRTOEMT, ik Calcite(CaCQ) AERK L TH D ,H,0 (pH 7) & W /23288 T D
& Anhydrite(CaSQ) WK L T 7z, AllendeBRf7z HFREME & U THWIARMZEDORERIZ, 71 >F Va~oliaz HFHY
B e UTHWIREDOWSE & T, FUigAHEIRD D PEATRSEAT TE T Ic BRI LD T 2 2 L Z/R LTV 5,

#1 Ohnishi and Tomeoka (2007) MPS, 42, 49-61. #2 lishi and Han (2000) Neues Jahrbuch Fur Mineralogie-Monatshefte

2:49-59. #3 Jones and Brearley (2006) GCA, 70, 1040-1058. #4 Zolensky et al. (1989) Icarus, 78, 411-425. #5 Clayton ant
Mayede (1998) GCA, 63, 2089-2104.

F—— R REEAY RS b, KEVERIZER, F/kaip, Allende
Keywords: carbonaceous chondrite, hydrothermal experiments, hydrated minerals, Allende
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Electron Holography Reveals Nanometer Scale Magnetic Structure of Framboidal Mag
netite and its Formation Process

AR A ik R 2 A R R B L R DG ORISR
KIMURA, Yukl I+ SATO, Takesrﬁ ; NAKAMURA, Tomok| ; NAKAMURA, Norihiro! ; NOZAWA, Jyur? ; TSUKAMOTO,
Katsud ; YAMAMOTO, Kazuo*

VLR REGH A Z R 2, 2 (B YA 77/ ao—X, 3 BLRER BRI, 4 77 A 25 3y
DA Z—
Tohoku University?Hitachi High-Technologies Corporatiofifohoku University}Japan Fine Ceramics Center

Small solar system bodies were formed as agglomerates of dust and ices 4.6 billion years ago. Several million years afte
asteroid formation [1], the ice melted due to radioactive heating inside the larger asteroids [2] and/or highly energetic impacts
[3]. Then, water plays several major roles in the chemistry of asteroids, both in mineralization and in the formation of organic
compounds. Currently, bulk liquid water no longer exists in meteorites. We see only the signature of water in ancient aster.
oids as veins of hydrothermally deposited minerals [4] or water trapped in salt crystals [5] in meteorites. The Tagish Lake
meteorite, which is a unique Type 2 carbonaceous chondrite, has a signature of aqueous process in the matrix that is abund
micrometer-sized polyhedral particles of magnetite [6]. The framboids are three-dimensionally ordered colloidal crystals of mag-
netite nanoparticles. The uniformity of the size distribution and the similar morphology of the magnetite nanoparticles in each
of the colloidal crystals suggest that they were formed through homogeneous nucleation from a highly supersaturated isolate
solution in a single nucleation event.

Here we show evidence of how magnetite nanoparticles assembled into periodic structures based on a nanometer scale pe
omagnetic method using electron holography in an examination of the framboidal magnetite in the Tagish Lake carbonaceou
chondrite [7]. An attractive force such as magnetism never contributes to the formation of colloidal crystals [8], but the repulsive
force caused by the surface charge of the magnetite is able to work. To overcome the repulsive force, the density of magneti
nanoparticles in a solution must be sufficiently high in an isolated solution as a water droplet parches in microgravity. We usec
electron holography to visualize the magnetization of the meteoritic minerals for the first time and found that magnetite grains
in the framboid have no external magnetic force, i.e., they have a flux-closure vortex structure, which allowed the formation anc
preservation of the colloidal crystals. We conclude that these framboids formed in tiny water droplets with pH of 7-12 containing
ions such as Ca and Mgt at levels of 104-10~15 mol m~2, just before exhaustion of water during thermal alteration in a
hydrous asteroid.

[1] Fujiya, W., Sugiura, N., Hotta, H., Ichimura, K. & Sano, Y. Evidence for the late formation of haydrous asteroids from
young meteoritic carbonateAlature Communication3, 627 (2012).

[2] Endress, M., Zinner, E. & Bischoff, A. Early aqueous activity on primitive meteorite parent botlasre 379, 701-703
(1996).

[3] Rubin, A. F. Collisional facilitation of aqueous alteration of CM and CV carbonaceous chonds#eshim. Cosmochim. Acta
90, 181-194 (2012).

[4] Tomeoka, K. Phyllosilicate veins in a Cl meteorite: evidence for aqueous alteration on the parenvbag.345 138-
140 (1990).

[5] Zolensky, M. E.et al. Asteroidal water within fluid inclusion-bearing halite in an H5 chondrite, Monahans (19e&nce
285, 1377-1379 (1999).

[6] Nozawa, J. et al. Magnetite 3-D Colloidal Crystals Formed in the Early Solar System 4.6 Billion Yeardohgoal of the American
133 8782-8785(2011).

[7] Kimura, Y. et al. Vortex magnetic structure in framboidal magnetite reveals existence of water droplets in an ancient aster-
oid, Nature Communicationg (2013) 2649 doi: 10.1038/ncomms3649.

[8] Philipse, A. P. & Maas, D. Magnetic colloids from magnetotactic bacteria: chain formation and colloidal stabititynuir
18, 9977-9984 (2002).

F—I—RXTREA N BRI TT 0 —, 2F 2 LA I EA
Keywords: Magnetite, Electron holography, Tagish Lake meteorite
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C-XANES analyses of carbonaceous solid inclusions from Monahans halite
C-XANES analyses of carbonaceous solid inclusions from Monahans halite

ZEE| B 1 1 5 Zolensky Michadl ; Kilcoyne David® ; Rahman Zid ; Fries Maré ; Cody George
KEBUKAWA, Yoko* ; ZOLENSKY, Michaet ; KILCOYNE, David® ; RAHMAN, Zia* ; FRIES, Maré ; CODY, Georgeé

URBE RS REZBHEASEse HRRRI A ER IR > X7 LB, 2NASA Johnson Space Centék,awrence Berke-
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Monahans meteorite (H5) contains fluid inclusion-bearing halite (NaCl) crystals [1]. Microthermometry and Raman spec-
troscopy showed that the fluid in the inclusions is an aqueous brine and they were trapped®@efl].25 heir continued
presence in the halite grains requires that their incorporation into the H chondrite asteroid was post metamorphism [2]. Abundar
solid inclusions are also present in the halites. The solid inclusions include abundant and widely variable organics [2]. Analy-
ses by Raman microprobe, SEM/EDX, synchrotron X-ray diffraction and TEM reveal that these grains include macromolecular
carbon similar in structure to CV3 chondrite matrix carbon, aliphatic carbon compounds, olivige {59 high- and low-Ca
pyroxene, feldspars, magnetite, sulfides, lepidocrocite, carbonates, diamond, apatite and possibly the zeolite phillipsite [3]. Het
we report organic analyses of these carbonaceous residues in Monahans halite using C-, N-, and O- X-ray absorption near ed
structure (XANES).

Approximately 100 nm-thick sections were extracted with a focused ion beam (FIB) at JSC from solid inclusions from Mon-
ahans halite. The sections were analyzed using the scanning transmission X-ray microscope (STXM) on beamline 5.3.2.2 at tt
Advanced Light Source, Lawrence Berkeley National Laboratory for XANES spectroscopy. C-XANES spectra of the solid inclu-
sions show micrometer-scale heterogeneity, indicating that the macromolecular carbon in the inclusions have complex chemic
variations. C-XANES features include 284.7 eV assigned to aromatic C=C, 288.4-288.8 eV assigned to carboxyl, and 290.6 e\
assigned to carbonate. The carbonyl features obtained by C-XANES might have been caused by the FIB used in sample pref
ration. No specific N-XANES features are observed. Various degreesofebsiton shown in the C-XANES spectra indicate
that the solid inclusions contain macromolecular carbon which experienced various degree of thermal processing. The natures
the macromolecular carbon in the solid inclusions observed by C-XANES are consistent with the previous studies showing tha
the solid inclusions have not originated from Monahans parent body [1-3].

References[1] Zolensky et al. 1999. Science 285: 1377-1379. [2] Fries et al. 2011. 74th MetSoc #5390. [3] Zolensky et al.
2013. 76th MetSoc #5200.
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3D shapes of Itokawa regolith particles: comparison with lunar regolith particles

ol B b RS R 2 AR 3 R R4 RN TR L S ER 3 A2 ORI O TN RN BOR AR 5 KT
FO A BT AR 2 O R E S PR HE 8

TSUCHIYAMA, Akira* ;: MATSUSHIMA, Takasht ; MATSUMOTO, Tort® ; NAKANO, Tsukaséd ; MATSUNO, Junyé ;
SHIMADA, Akira® ; UESUGI, Kentar® ; TAKEUCHI, Akihisa® ; SUZUKI, Yoshi@® ; OHTAKE, Makika® ; NAKAMURA,
Tomoki” ; UESUGI, MasayuKi ; YADA, Toru® ; NISHIIZUMI, Kunihiko®

VRSP RABAIIERL, 2 BURK 2 AT DSR2 EERL, 3 RIRR AR ABTHAIISER, 4 BRI, 5 A7V 78,

6 S 2L S R T E R AR, T ROER ARG ARZERL, 8 AV T 4 )V = 7 R R AT

LGraduate School of Science, Kyoto UniversitGraduate School of Systems and Information EngineefiGgaduate School
of Science, Osaka UniversityAIST/GSJ,>JASRI/SPring-85JAXA/ISAS, "Graduate School of Science, Tohoku University,
8Space Sciences Laboratory, University of California

Regolith particles were returned from the surface of asteroid Itokawa by the Hayabusa spacecraft. The sample analysis el
cidated a variety of surface processes on the asteroid (e.g., [1]): (1) Formation of regolith by impacts of small objects, with
selective escape of the finest-scale particles. (2) Implantation of solar wind into the uppermost particle surfaces and formation c
space-weathering rims. (3) Grain abrasion, probably due to seismic-induced particle motion. Processes (5) and (6) might ha
been repeated. (7) Final escape of particles from the asteroid by impact within the past 8 million years (1-3 million years [3]).

During the course of the analysis, 3D size and shape features of the Itokawa particles were obtained by SR-based x-ray ir
crotomography to understand the origin and evolution of the regolith particles on Itokasvaurface [2,3]. In particular, the
particle shape distribution with respect to their three-axial ratios was obtained and compared with that of fragments formed by
high-speed impact in laboratory experiments [4,5] and of lunar regolith samples [6]. The 3D shapes of the lunar samples hav
been examined by tomography [6] but not grain-by-grain as performed for the Itokawa samples. In addition, the procedure fo
measuring the three axial lengths was different between the regolith particles and the impact fragments: the former was obtaine
from 3D external particle shapes by ovoid approximation [2,3,6], while the latter by bounding box method using a calliper [4,5].
In order to make strict comparison between them, lunar regolith particles were examined by the same method as the Itokawa pe
ticles, and the three axial lengths were measured from the tomography data by bounding box method that was newly develope
in the present study.

The 3D shapes of 70 particles from 105-24 sieved fraction of Descartes highland (60501) and 74 particles £&rbhmmm
sieved fraction of Mare Tranquillitatis (10084) were obtained by microtomography at BL47XU of SPring-8. Furthermore, the
3D shapes of new 24 Itokawa particles (3 of them are from Dr. M. Meier, personal communication) were also examined in
addition to the previous 48 particles [3]. The three axial lengths were measured in the orders of short to long and long to shor
axes to compared with the data of [3] and [4], respectively. The shape distribution in a Zingg diagram was compared using the
Kolmogorov-Smirnoff test.

The shape distribution of the Itokawa particles cannot be distinguished from that of the impact fragments of [4] but can be dis-
tinguished from that of [3]. This may suggest that the Itokawa particles resulted from mechanical disaggregation, as a response
impacts with a specific condition. In contrast, the shape distribution of the lunar regolith particles can be distinguished from that
of the Itokawa particles and the impact fragments although lunar regolith is the product of impact on the lunar surface. The luna
particle shapes are more equant than the others. The both lunar samples examined are matured (Is/FeO = 80 and 78 for 60¢
and 10084, respectively [7]). These regolith particles should become equant from the shapes similar to the impact fragmen
by mechanical disaggregation or abrasion due to repeated impacts during a long residence time in the regolith layer although
specific process for the shape change is not known.

[1] Tsuchiyama (2013) Elements, 10: in print. [2] Tsuchiyama et al. (2011) Science, 333: 1125. [3] Tsuchiyama et al. (2013)
Meteor. & Planet. Sci., 1-16. doi: 10.1111/maps.12177. [4] Fujiwara et al. (1978) Nature 272: 602. [5] Capaccioni et al. (1984)
Nature 308: 832. [6] Katagiri (2010) Proc. 12th Internat. Conf. Engin., Sci., Constr., Operat. in Challeng. Environ., 2547259.
[7] Morris et al. (1978) Proc. Lunar Planet. Sci. Conf., 9th, 2287.
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Surface micromorphology of regolith particles from Asteroid Itokawa: Implication for
space weathering of regolith
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MEMZEMICE B ENTERKKDIENRIARE Tl FICHNEAOEZE & KEROISIC K D REOIEAYIMENZE
DORKFARY IV T 5, TS DBREFHBEUL L XN, U7 FRIKTIE T/ SR DR HA &
EAbN, BD S KERHOVENIERZRE2 L Z2H L EETWVD, /NEERmICBWTE, KGRI - /0
FEAEZEC X5 FH LA EZ 5N T2 D [1]. BRI TFHE L O @2 B d 5 7o DI/ NRE Y > TV
MARRRTH B, 20104 SEUNKSE A M AT EEL DL TV Zhi 1 (NS LG OMEHIRL 1) 72 [ U 7z AT 5

EIMHERICHE LTz A M A TRFOFANHICE O KEGEDOF] BIAFH DTSR, K72 I RF ARSI EE A
I 2 ) BMbL 2 U T HEULY LB E NI [2-4], —/5 T —HBORFIVEIRAAZH T, £ OXREMHIFEGZ
& B/NRERE TR C 2 L BN 2 EREHZ 2T TRBENBIZ SN TS [5][6]. AWFFETIE. 1 M A TR FOEEE
VT A0 Y—ITHEH Uz, FHCKIFRNGE ORI - izt L e i, TRy LOBEZITS5 T LT,
INEREREOL IV AR OEH & /NEREOFHELEE & OBIEMEZIASMNCT B & RikA T, £, 19D A
M A TR ONT XA 7 MBS ST 4 — (CT)IC K % 3 XoTHME DR - EARE M (FE-SEM)IC X %%
MRS ORISR 21T > T2 ZOREHR, L3V Akr&miE, LIV AR AsEs U IFAERZICHEN Lzm, L3
1) AR BCRTD matrix/regolith breccid D ZERR T D7EFE « FHEIC K O AR LI TE S T EMHLE M & x5 Tz,
F7z CT+ FE-SEMAOHA 5. NS5 DOXREOFEICEGRR L. BERIERAEZ ) I WA EH O REDEET % T &V
Molee HNWT, 1 DDA MATR IS U TEEE F#MET (TEM/ISTEM) Z W 2528 B b U LD Wrikd 5z
1T, FE-SEMIC THIZR U 7= £k & DLl 2 7> 7z, TEM/STEM TEISE L7z FH)EUE Y LNERICIZZEBRMFELE L.
ZERO—EIERmE 2 L LT, REZE T nmD 7 X2 — (k&< *LH:(D) KEEZ I L Tz, T ORI FE-SEM
BIEIC K > TRIMOMIKMEIE L U TRERTE 5 2 EMIHL MR > Tz TV AXZ—2E5 U LEA ATk FO5H
BV LS55, s ERRARGRICRBZ T NWER LY LEEZSNTHED (103-10" 4 [4]). KiFOXREBIZEDOIH TH 1
R OFHE(LOREZ W TES T LR Uiz, AW TR, RFRmDOT Y A2 —nfh 5/NKREEREDO 71t X
CREH U7z SEUNKEOFHE(L 7T B2 AT DNWTERE Lz, ik SEVNEEDOFHE(L T 1t R (AT MIVELL) &
KIS EIRET (L0F 4F) & 2 hucks < MIBATEZE (10° 4E) 0 2 DD 2 XA LA — IV THEITE 2 LREE TV [7].
FHE(LZZUT e A FATEREOL TV AGOFNRE 106 FRETH S (8], —/HT. A MATRFOFHIEILY LDFE
EiX, 10310 FRETETT S EA NS, TOXA LAT—IVOR—R 2 ARIEOBIER N SER LIz, £97
AR =504 ERLTF-OABCHBETEDN WD 5 FEFEERIE. KRREIRS Tld 7 <. HEEEHC K 2K 7F-L O
FIEEFEDRTREMED & < . FHEUEY LD K D EEVWE A LA — )V TR ZHRTH 5 L ERKUT, AR
FHELY LOMEZG X T EEZENS, —HTLIY AR TFOMC X 2 FHEEEmOEH., LIV Akt
ONERYE - BB Z RS 57U A X—0HORNI—UIBIRE Nz, A FATYOFHBILDZ A LA — NV E2EZS
&L L2 DL IV KT ORI RIS KFREERSHC X > TR D LAY 10310 FRETHREL T, A bAY
EKETOTOE X (LAY AR O, BEFE, DEREEE)ICKD, A MUK EEZEZ L Z2DAXRT MVDOZEE
BIRLZITHEITL, IREEBWVIGE T 10° FFFEE TR 5 LW O N E 2 5N %, [1]Clark B. E. (2002) Asteroid , 585-599.
[2] Nagao K. et al. (2011) Science, 333, 1128-1131. [3] Noguchi T. et al. (2011) Science, 333, 1121-1125. [4] Noguchi T. et al.
(2013) Met. Planet. Sci.27, 1-27 [5] Tsuchiyama A. et al. (2011) Science, 333, 1125-1128. [6] Matsumoto T. et al. (2013) LPSC
XLIV, 1441. [7] Vernazza et al. (2009) Nature, 458, 993-995. [8] Busemann et al. (2013) Hayabusa 2013: Symposium of Solar
System Materials.
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Extraction and Identification of Primitive Grains Driven by Magnetic Volume Force.
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UG EMATERA a7 a— T2 B E L TN ED 5N TS, L L, BAEERERD in-situ 7341 T, KR
T2ENEHETE A MEEHILNT LERV. TODIEEIH ORI & UT, BOZHRT 21084 Ok 1727 # - 3%
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AR E TICRA e BIE, WSAEIC X B EES) 2R H LT, BRIt ZA S R0—OoWEOLZE S 5 77k
2L L, CHUTHEDSWEIFED iEZRE Lic. BAARICIIM/NE /IS T T, R BaRi I 9 % 22 )
WPERL T2 R L, NS DS T O A S 2 @S2 fi#frd 2 C & T, WbRZMIL L. EROEIIEK
HRNCHRKR T 2728, WS mME—DEE, WO T ORI E SR FERICKFE T, YEEA OIERD A
A7 5. > T OREmEEZREST S & T, Hi ?M&Lk&k#ﬁ@&f%%

Loty b7y 7T, Bk OEMZBGAR T O— TR LI5S, 8BGO TR HdE O T LIkl 4
DEMNTEEL TS 2 Z ENWIFENS. é%k%lgk@ﬁﬁ#%@k#%@mbiﬁﬁa%hﬁégkk&b
Y ORI JERE TRk S % C LIV T&E 5 [1-3].

FRIDFEICED &, S, MHEYE vs ERME, B X OB vs ERIMEIAD 8 - 38523 Tz, BRI,
WEMEE LT ST 74, SICBXUTaT 2L, AEELELT, RV TnELYy, KYXFLY, RYZFLY
DR FRAERZMER L, TOnMZT>7. Ri7id 50-100p mOKEETHS. —7, ﬁMﬁ%Maﬂm%%®\%f
&, KEEWADT ST 74, EARABRUBR T ANVATIA M e, WHEAOY >V a Xty ey oki1z59
T2 ENTEE.

WUNE R EIFEEE, BAREONEE TS v T FEHOWTRAES BT, % N 1.8m NS kw1 0.5
WTH%. FHREEEIZ 30 X 30 X 20emDESFERDE TRy 7 AWICIE LTz, 05 0DHEEI, NdFeBlgAB O
[ﬂ%@<08ﬂ HH) T 7T 2 T— R =2 LTe B2 T v 23—, SRRV X —RiE 52 E%E, MRV ¥—a
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