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Formation ages and places of hydrated chondrite parent bodies

ey s
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V2w 7 X752 7 Wh5erh
IMax Planck Institute

When and where hydrated chondrite parent bodies accreted is a key question to understand the origin of chondritic water ar
the dynamical processes of the solar system evolution.

The ages of aqueous alteration can be inferred frivin-53Cr systematics of aqueously-formed secondary minerals (carbon-
ates in CM, Cl, and CR chondrites and fayalite in CV, CO, and ordinary chondrites)>*Mme>3Cr ages of carbonates and
fayalite in carbonaceous chondrites (CCs) are similar-3.5 Myr after the birth of the solar system (represented by CAls in
CVs) (Fujiya et al., 2013; Doyle et al., submitted). Fayalite in ordinary chondrites (OCs) seems to have formed slightly earlier
(~1 Myr) than that in CCs. These observations are consistent3##h 26Mg ages of chondrules (e.g., Kita and Ushikubo,
2012). The’>Mn-53Cr ages of aqueous alteration indicate that water activity on CC and OC parent bodies started almost con-
temporaneously, and that the dominant heat source for aqueous alteration is the decay éfiaidiaif-life: 0.7 Myr). Based
on these ages, numerical simulations of the thermal history of CC and OC parent bodies suggest that they aceretddy?.5
after CAls (Sugiura and Fujiya, 2014).

The formation places of chondrite parent bodies in the protoplanetary disk are more difficult to be inferred. The estimated wate
(ice) to rock mass ratios of CCs and OGHX6) (e.g., Clayton and Mayeda, 1999), significantly lower than the solar value (1.2)
(Lodders, 2003), suggest that CC and OC parent bodies accreted near from the snow line. The inferred D/H ratios and O isotop
compositions of water in CCs are likely to be significantly different from those of primordial (molecular cloud) water and/or most
Oort-cloud comets measured so far, indicating that they must have recorded various degrees of isotopic re-equilibration betwee
primordial water and nebular gas (Alexander et al., 2012; Krot et al., 2013). Model predictions on the location of the snow line
2.5- 4 Myr after CAls (e.g., Ciesla and Cuzzi; 2006) and both the temporal and the spatial distribution of H and O isotopic
ratios of water in the protoplanetary disk (e.g., Yang et al., 2011, 2013) suggest that hydrated chondrite parent bodies accreted
the main asteroid belt. | am currently trying to constrain the contribution of C from cometary inorganic ice to the C inventory in
CCs. Carbon isotopic ratios of carbonates in Murchison (CM) suggest that C reservoirs in primitive aqueous fluids were highly
enriched in3C with 613C >70 %o, which provides no evidence for C contribution from cometary ice (Fujiya et al., submitted).
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NWA1232 COFELICE XN B /KEZKDBEYZ /RS 7T A _
Aqueously altered clasts in the NWA1232 CO3 carbonaceous chondrite
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CNET, KELZRRAELOENZ/RT CORAIRIEEACREENTHENT &S, CORIKEIEZ RS A T
R RETHB L EZSNTE, LML, Northwest Africa 1232(NWA1232) &, EZERE DR S 3 DDEM (A,
B,C) H»5x3AMEHIEZERIE LY CO3BATHS L2, oIk, Fikld, NWAL232[EADOEM A NIC, 4
ZERRIE DB E B 2B O/NE Tr ([EE 100-1800um) 7 S A RDMEET BT eZ2RMLE B4 chsn /I A D%l
&, JERICEE RS MEL, B/KEEMZE G ATV S, NWAL232[EEAVRT TN D ORI, CORFRIKDIEHGERICBY
I EHTEEREEZA TR EEZ NS, AT, TNHOEKEMZEET 7 T A MIDOWT, TEAGHEOMR %
HENCHS AT « SEVIE R Rz 7 U STz, FEATE T ORRRERSE - $HK#TICid SEM-EDS TEM-EDS EPMA-WDS
%, WUNIEYI S ESFEIE E 12 1 SPring-80) SR-XRD 7% i 7z,

75 A MEEMH A NDIRWHEIPHIC M L TED, TNH0D 5 BEKIEMZ G E DN KD TH D, HHA DK 2 vol.
WD TWB, 7IAMDEZLIE, B—DaY R a—)LVeZDE07%2Y LOXSICHTHR A< M) w7 AYEah 5
50, K EROIY R a—)b® CAl ZELEDEDEIFET %,

TJIARNRDIAY R a—)Uid, FEAEN Type I THD, AV LU Fe-MgY —=> 7% RE T, Y (CFa)
ThHb, TOXDEFE, BEREDEN CO3.0EAICHULTWS, £z, AV R a— )OIV AZZA M
B A Y AR AD—EE, M/NVx (10-20 nm JEIRT A BREESIY) & DD Fe, Si, Mg ICETIEREMEICRR L TWL
%, ThHOIEREMEICZ, TLADBOMAIE (<100nm 4V BRI+ EENTWVS, TEM BIEROFEE, BIR
TAWEDOIZLE AL, 0.7 mmOERNERT DD, Y—XRUTFo 0 THBEEZILNS, 12720, 1.0-1.1 nmD
JEIbRZ & DARX T ZA MEVEEFIET S, TNSDRIRT A B, HRMNMIZIEREYE L KR TE R0,

—), 7S ARDAYRY a—)VEHIY LIROS Y w7 RiF, T Fe Si, MglcESIEREYEN5xD, Lk
PR 7: (1-2um) 7224 N, MglicgsA ) ey, T A% %A b, fiiki’s (100-500nm AV EY, taA54
b, fuhis (10-20 M =X T4 U EEGA TS, =XV T 0 %, HERWCRIEREME LXK TE RN, &
DOIEREYIEX, SYPARY - LR T > R Y 2 —)biOJEREYICEEIL TV 5,

L EOFERMNS, 75 A MIFVIKEEREZRHR L TWE EEZBND, —/, KEEROFET Y F A bR
MATWENZ EWD, 7T AN, BERIKRO, FBEAVREINCEL USR8 3575 2 5T CKBE AR 25 L 7z
%, ABELERIC K > Tl SBRFEL, SHHANIKIEG LIEEEZBNS, Fz, 7I9A MDY R a—)l, ¥
kU w7 ZDOFEPIEERE - ALAHRRIE, WD THRIER & X% ALHA77307 CO3.06E4 BIICHERIL T b, AN A
BEAVRE S N5,

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

(abstract). [3] Kiriishi et al. (2009), JAMS Annual Meeting (abstract). [4] Matsumoto et al. (2014), JpGU Meeting (abstract).
[5] Brearley (1993), GCA, 57, 1521-1550.

F—7—F: COMA, 7T A b, (L, KEZ K, TEM, SR-XRD
Keywords: CO chondrite, clast, brecciation, aqueous alteration, TEM, SR-XRD
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MgO-SIO2RIC BV 5 JEEEEMEE O/KE 2 i 5250
Hydrothermal alteration experiments of MgO-SiO2 amorphous silicates
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Hydrothermal alteration is one of the important processes for solid evolution in the early solar system. So far, many experi-
ments have focused on reaction between aqueous fluids and meteorite itself or crystalline silicates, such as olivine and pyroxe
(e.g., [1, 2]). Reaction with amorphous silicates is also important because interstellar dust as original building blocks of plan-
etesimals is mostly amorphous [3] and primitive amorphous silicates are present in cometary dust as GEMS (e.g., [4]) and sorr
carbonaceous chondrites (e.g., [5]). Hydrothermal alteration experiments with amorphous silicates were also carried out usin
natural GEMS [6] and synthetic materials with ClI composition [7]. However, any experiments using amorphous silicates in
a simple system have not been made. In this study, hydrothermal alteration experiments of amorphous silicates in the syste
MgO-Si0,-H20 were carried out to understand basic features of hydrous layer silicate formation.

Nanoparticles of amorphous silicates 10 nm in size with nearly enstatite and forsterite compositions (E and F: Mg/Si = 1.15
and 2.02) were synthesized by the induction thermal plasma method as starting materials. Intermediate compositions were al
prepared by mixing E and F (ME, M and MF: Mg/Si=1.25, 1.5 and 1.75). Three types of experiments were made. (1) Syn-
thetic experiments: Starting materials and pure water (water/rock ratio: W/R=5.0) were sealed and heated at 50, 100, 150 ar
200°C or held at room temperature for 0 to 1344 hrs. The run products were dried in vacuum and examined by powder X-ray
diffraction (XRD) and SEM/EDX. (2) In-site experiments: Starting materials mixed with pure water (W/R=5.0) were exposed in
water-saturated atmosphere at6@nd repeatedly measured by in-situ powder XRD (total duration: 9-292.5 hrs.). The final run
products were dried in vacuum and measured again by powder XRD. (3) Swelling experiments: some dried run products wer
immersed in ethylene glycol, glycerol or water and measured by powder XRD to check swelling.

Layer silicates formed in all the run products even at room temperature. Brucite and sometimes magnesite were formed in rur
using F. XRD reflection peaks of the layer silicates are week and broad particularly for the (001) peak suggesting that they are thi
and have low crystallinity. The (001) lattice spacing and the chemical compositions of the run products together with the results
of the swelling experiments indicate that the layer silicates are disordered mixed layer minerals of stevensite (Mg-smectite) o
vermiculite, serpentine and talc. The (001) peak becomes sharper to some extent and shift to Bigbmaller lattice spacing)
with increasing run duration or temperature except for runs using E. The crystallinity and degree of mixing order also changec
by drying process. The experimental results can be explained by that aqueous solutions of high degree of supersaturation wi
respect to layer silicate minerals formed by instantaneous dissolution of metastable amorphous silicate nanoparticles with hig
reactivity, and disordered mixed layer minerals metastably formed from these solutions. The presence of disordered mixed layz
minerals in some carbonaceous chondrites, such as in CI [8], indicates that they formed from amorphous silicates. It should als
be noted that we could not discuss hydrothermal conditions based on the present features of layer silicate minerals in meteorite
as they could be different from those during hydrothermal alteration.

[1] Jones and Brearley2006) GCA, 70: 1040. [2] Ohnishi and Tomeok&@007) MAPS, 42: 49. [3] Kemper et al. (2004)

ApJ. 609: 826. [4] Bradley et al. (1994) GCA, 58: 2123. [5] Greshake (1997) GCA, 61: 437. [6] Nakamura et al. (2005) MAPS,
40: A110. [7] Noguchi et al. (2008) MAPS. 43: A177. [8] Tomeoka and Buseck (1988) GCA, 52: 1627.

F—T— N BKEREEREIE, KEZBAEH, REE IV R I A b, BT 5 X<, ARARES =)

Keywords: hydrous layer silicate, hydrous alteration, carbonaceous chondrites, induction thermal plasma method, disordere
mixed layer minerals
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HIydrothermaI and heating experiments: Implications for formation process of nepheline
in carbonaceous chondrite

HiRr 48 D WS MES L BB fNEE L KB 2
ICHIMURA, Shun'* ; SETO, Yusuké ; TOMEOKA, Kazushigé ; OHI, Shugd

IR KA AR AGERY, 2 RS AR AR A Ze Rt
IGraduate School of Science, Kobe Universt@raduate School of Science, kyoto University

CO. CVBEAICIE, 27V Y (NaAISIOy) YV —XF 1 b (NaAl3Sis01.CD &> 7z NaldESHYIMFAEL, O
¥ R4 MEBEEKICHH LT3 (e.g., Kimura et al., 2014; Matsumoto et al., 2014 115 OFEY)IE A FHO SRV FEX
Z U PHESFRREDMENC LD, BEHD S OEFEEMYI Tl BRELTOKEEKICKDER LTz LRgE
T3 (e.g., Russell et al., 1998; Tomeoka and Itoh, 200Ma cZiE. HFMENE L KOTEENC K D BHICBET S
EWVIFHD S, RERIK LOKBEER T Ot A2 fiaid % L TEER N —Y—Ck%, 72U, EROBARRAER
BEREER L ET. NalcEOIDER U ERBENZIEEA LRV, ZTTAMKETIE, 272 VOHERYE & TN
AV T4 FBIXUOBMEAICH LT, pH DR 4 1A 2 O OKBERERRZ1TO. FBARKIKICEIT 2 /KEE
BGHEFRDRIAZ Hi5 U Tzo

HFEMEICIE, B AY T4 (CaAlLSIO;) BIRURAEDFESA (Nags52Ca.asAly .4sSis 5208) iR ZHW
Too BOSTARICIE. IN-HCI (pH 0). H,0 (pH 7) 0.1N (mol/) -NaOH (pH 13, 1N-NaOH (pH 14 o 4 F%f% FHu,
T HIC SIO2K A MR IZ B ILTINA Tz SVARD Nat & 1 mol/lic7x% K 512 NaClZzZhnA . VA & alRl AR
(W/R) I 10, 100, 1000 F%& U7z, /KEAZEREEERIZ/INEA— R 7 L—T Z[H L. & 200°C. 11§ 15 %L T 1680
MAT> 720 BINGURIOMFEIE « MHBHTICIE. X BREHTEE (XRD), A& 7S X UM E sz v
Too I HIT, FBERYIOBUK « HfEEFE RS MCT BTz, BAER « RAROHT (TG-DTA) FBa7ZzliT-o 72,

AV T A M HREYE E LT WIR = 1000 DHED SIERMED S TIT o 2B TIE,. SIO DD RWGEEIENA
FD?U?\/:L%‘_‘ (C%A|2[5|O4]16[O4H4]13) 75\\/5,5’3?‘ L/TCO S|O2 Eﬁﬁj\f)“%b‘%{a\bi\ T‘j—}l/'}j_’(b (NaAIS|206 * HQO)\
X7 V)N RL—F (Na3A|38i3012 . HQO)\ N—=w o hroIFA b (N38A|63i6024[OH]2 . 2H20) BIUORX
JWET A (CaSigO6[OH]; * 4H,0) MRS NTze 2T 2V UNA RL—beR—=2w T 7 FA ME. IBRD
pH DV EOIE EAEREN S X 2 EMICH S, FTzo WIRZ 1065 (W/R =1000 12 U7232BR ClEHT 722 SRS RRYNE 7 5
Nxholze DD, WIRZ 0.115F (W/R=10 ICULEEERTIE, 7HILYALER—=2w T h TV F A MWVERK Uz,
A (pHO) ZHWVWS L. AU SA MAER L., “XNAEMRERMIER S NG - T,

REAZHEFRYEL LT W/R=100TTT> 72388 TR, BN S ISR O IS W TH 723 RISEREH 5
Nighole DD, HEMEOEZHETTRET FIVT AL, 272V N1 RL—FDERDERSN. 272V 2NNA
RL—HMZBL T, AV T4 b EFRBRIS, pH DEWERIFICBWTERT 2N HR SNz, WIR=101C LT, 4K
YOI A G DR IIED S h > Tz,

BRLTEART 2 A FL—F (B7KE 11wt % ZX5RIc, K5UEH 5 C/min OFHRE#EESEFICHB N T TG-DTA
2T T2 T A, £ 100 Ch SbakHEHRO HaO DHEEL . % 800 C THUKKIGHTET Lize £z, DTA BXT
XRD DFEREN S, T OFRIHESMNTIZKI 800 CTHT = U UANDHEEHNE L %, Fio, BiRMEZZ X THEZRIR
FE B Uy ARSI B R & IR S OBIRZ T LTz & T A, 400 CICHHF S NBREIIC B VT, 272V VNA
RL—t0 56327 2V UNOHERIZ, D & 10 FETHETT 5 20 BRMES Nz, 7 HIVT AL (BkE
8Wt%) IZ DWW TIEARKUEH 2 °C/min DFIHESENT T TG-DTA FER L. B/KEISIZH 120°CHh BRI L. 1 500°C ©
561 Ulze 275< &% 1000°C DOIFHTART 2V EIRREMEICZR LTS T EMNXRD ICKDHBH Lz, 7272 L.
DTA HifRAVR T BEMDEHM T, 2T 2V VOB EIREOMGRZ REE 522 L3 TE R > T,

UEDWRIE, AVTA L - REAE. NaITEOHE~TIVAVBEKRERIST DL, BEXT U VICEKRKT 5D
TR N Ralayad—, X7z UUNA RL—h, 7FHIVTALEVSTZEKIPNCZERT % T EDIHS D
ICHx o7z BRI SiA A VIBEDNEWEETIE, 7Y A LHVER LS L (KNGS AL ICET/NA Fas o
Yag—, X Tz UIUNA FL—FDWERENBEACH D, Tlee 7 FHIVT AL, 2T 2 201 FL— M2t
IKUTERE TR, RN AGIC R T o) NCZ(bT 5 T EMNVHIAL . AWIZEOFERSEME, REEIY RIA4 Lok
KIKICBOWTE TR D S 2BETH S, REEIAVFIA MOXRT 2V E, 2T UIUNA RL— 7 F
WA LIE EOHBIERYZRRH L TIERKE NS Z LR E N,

F=I—=R: 2T 2V, R TA b, IKELR, KRG, KINFATLER, IREEE IV RS54 b
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MAC 88107FEA DAL : C DBEAIEAMICEEBERSD _ _
Microtextures in the MAC 88107 carbonaceous chondrite: Is this meteorite really a pri-
mary accretionary rock?

25 s R ROEE L W YL = e
SAKAI, Midori* ; TOMEOKA, Kazushigé ; SETO, Yusuké ; MIYAKE, Akira 2

LR REAIEEBEANT IR ER R R BB, 2 U E R A R P2 AW TR R 2 e R A s O A B 2 U
IDepartment of Earth and Planetary Sciences, Faculty of Science, Kobe Univéibsipartment of Geology and Mineralogy,
Graduate School of Science, Kyoto University

MAC 88107[Hf11Z, CM-CO % )L—7 DOy E #+5D ungroupedk EE a2 RS54 L TH % M, 7R
BaY R4 ME, YRV a—)Ux EOMKEEERY) & ZNEORZED 24k~ R w7 A 5kD, vy
AFBEAD>30 vol. Wz b5, AU L, MAC 88107[E313~ bV w7 X7zHiz9, K har RU a—)b, CAl,
ACA L ZNSZATY) L6753, VLIZEERTIY RY 2a—)VOXKIIENTE L THERINZE—RKIEZ SN
TH0 2, MAC88107fRA DX SICa Y R a—)b, CAl, AOA LV LORZEMNSE K BMEMAE, RERIE ETABMLSEOME
H7&239, BENSEMULEZOMMEMETZ BEERME) THELINTWV3 B, LhL, Lo B4
T, CVIEAHDOY FY 2—)LDY LTDWT, KL - AL - EI e Vo TERERIKN T OB TIER ENzC &
TR S A MBS E NIz, [3,4] DFHTIE, VLRI RIA R M w 7 ADKEMIZLEZBNT VWS,

) LD BRERIKAN T E N A A[REED RS N2 T & 220, KRifZETld, BEERS & N5 MAC 881078EA DK
WFEZ PR 5 2 & ZHNE LT, FEARBIEE - ot z2tT o 7o, MHRkEIEE, M Hricid SEM-EDS, STEM-EDSE
W, U AHOMUNEYIOFEIC I Spring-80 SR-XRD 7 v 7z,

MAC 88107fEaHdD > K'Y 2—)b, CAIl, AOA ZL Y LE, KERZDHIRL (<1 um) DFIH S50, A& ITHIR
A—=10um) DT FIWATTA K, TUVAZZANDIENMHET 7V ITA N =T XEZA =T UNN—=T v A FOHES
G TS, SR-XRDIIEKR T STEMBIZIN D, U LOMR 0 E IS N EIR T 1 it 2 e IR e E
5k, Fofuc, AV, HHiG, XVNIUEAL N, ITXRZA NEFLENDh 5Tz,

Fiz, VLDOZ Ik (E10um) HH B & MAC 88107[E DRI TH %, IRIZMHAIR (>1um) <7 221 b,
T7XYITA R, NTFTUN=Vv A 5455, Ftrfse U i, coXks%RE, IY RY a—)LHOREHIEY /
V2 — IV E N B BEOEBEIRICLE S ) OB TECIEEZBNTWS, LML, TOHTIE, NEFEY
Ja—IVEEERD CAl DOV LZFEROIRMDEES 5 C & OFHIH L, Tz, HEOSHENEREZIFTEUZE
NEHEXIZEEZS L, BETAEBOIY R a—)V,/ ) LEESIRMIEELTE XTI ZSED, Z0& 5 EiRIEE
LAV, chboc &k, IkiE, T3> RY 2—L ) LORFIERSHICEHRTE Cl-BnEICHR T 2 alfEM 2R L
TW3,

HWICEHET 2D LOMICX, HAIRSTZZA L, 77V I7A4 L, NTFTUN=Uv A b5k, V) LHONRERE
RREEY) « FEREDY K < BL72E (16 5 — 30 um) DMEET %, T DFEIE Krot et al.(2000)! TEHIEENTED, A Z—VU L
LAY —EMEENTWV 3,

%7z, MAC 88107[EAICHE DY R a—VEBL I I A MEET BT xR LIz, 77 A MIER 150 —
500pum OM~KEMEZ L TEY, BEdT2 a0 R a—)l, VLAEEEDLZWEA V2=V LLAV—Z2NLTHELT
W3, ZAMADOIAY R 2a—)Uid, VLAV EZ—=V LLAV—TefFzk0, FEAEDISAIDRMN) v IR
X, 7AMNDOIY R a—)UhRD) LEMEBIY) - D KTV 3E, 2oz ki, aYRYa—iL JLH
AEEEILIC K S TERENTEZI TANTHD, OBITHEMOBRKICER-EL T k>0 DTH S EENZ/RLTWV3,

LI EOFERD S MAC 88107[E/IZEEN 5 DERIL, (1) ABILICKS 7T ARDER, 2)ZFN5 7T X MDidElike
PERE, (3) HEEM L FEIL, DO\EERTVWELEEZ LN,

53| HI>ZHk

[1] Krot et al. (2000) MAPS 35, 1365?1386. [2] Metzler et al. (1992), GCA 56, 287322897. [3] Tomeoka and Ohnishi (2010),
GCA 74, 443874453, [4] Tomeoka and Ohnishi (2014), GCA 137, 18?34.

F—"7—F: MAC 88107/, BEHERA, IREHIA Y R4 b, A, KEZR, 3> Y a2 =)L) L
Keywords: MAC 88107, Primary accretionary rock, Carbonaceous chondrite, Brecciation, Aqueous alteration, Chondrule rims
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POy FoA FHROF ) EVICEENI A5 OA ) B I OHEE
Estimation of the equilibrium form of olivine from negative crystals in an equilibrated

chondrite

HORF REOR 15 R B = s L AR RS B Y B (KA 2
NAKAMURA, Ryuta'* ; TSUCHIYAMA, Ak|ra1 MIYAKE, Ak|ra1 MATSUMOTO Toru' ; OHI, Shugd ;
TAKIGAWA, Aki ! ; UESUGI, Kentard

U HHERRSAR A AR ER R R A, 2 U M s B ERl Aot > 2 —

IDivision of Earth and Planetary Sciences, Kyoto Univergifjgpan Synchrotron Radiation Research Institute

F VB EHIERO KPR 72T TR < FHICE SBNICFE T 20 TH 5, Fub, B FHHEFHRICKOFVE DX
ﬁl%\wﬂé‘—%ﬂ%%zakib ST ViR S A [1]. AR T T O/KEE TIE IS K 5 EBZER T DOKED AR
» [2] Ko TSI K B HIBRO K DRLIEN R SN TV 3 [3]e 70 70 & MG I3 FS MR OmERIC X 220D
0. K /Ht% STUTHNCHRT 2 C LIFHEETH S, RIRTHEMNT 24 EUOFERIZIRIC DOV TRliKkIZH B0, E
HHBEZ R IVF—DRNE E 2 PEEOIRICDONTIE XS D> THnEY, ERSESY U TIIVEEH I RIA4 D
OIS KD, IV R A RO BB umY A XD T 7y R EEDZER (AF) DMEEST ST EHH
Eheixoiz[4le TOXIHAMIEEI Y RTA4 NIRRT T2AEK (ReiiE 800CHE) Ickbh., FHETHB T
EMIRFEN S, TN TR BASD 3 Xt IRZ EBICHIE T 2 FRIZ G- Teh, A4+ E—L4L (FIB) Z
Wiz 7y r7exA 70 CTZHWT, ZOFEDEFEEI N[5l RUFFEOHMIE, FHia> RS54 oty
CNCEENSARD 3XTICIRZEZIMNTIAS I U, ZFO Mgz R, B 1 JRMEIEER KT 2 Lich b,

TuxtuaclEfs (LL5) DR S, AV U HICERICETEH D 2 MBI X b RHE U, 30x30x60unfiED K E X
% FIB (FEI Quanta 200 3DSFHWTYIO HiLTz, V> 7 IVD< A 71 CT iz (SPring-8BL47XU7 keV 7Z17\>, 70.5
nm/voxel T 3 Xt CT 471, CTHBD 2fEbic kb AaFmDOMtiEH ko lz, —/. FRAFDAV EVFERICDWVT,
SEM/EBSD (JEOL 7001F/HKL CHANNELS 7 W\ T /562 ske, CTIC K DRz 3otk et L7z, 3D 7—
2 HRIMICE D, ﬁaﬁ@@?a?&%ﬁ%ibto

SRIOY Vi, 1ZIFE CFl FICEETS % 2-4umDY 1 OGS 7Tl T E i, Thbid, &R
JU [5] &RIkRIC healed crack“CZF)% EEZBND, IXNTOHMIFE—DORE TN ZEDT 72y FORELTED, %
DIIRBFLL Tz, TDT EiE, ThHEDEEDIBIRDEEIBISEWEDTH S T L2/R"% L TWa, (100), (001),
(011) IXHHREICE TE, REFEL TV S MHEIE (100) TH %, CTBROZEMIMREEEN 170 TlZRWH (010) (120), (001),
(011) (102), (34337 7ty FE LTHIHLTWB X HICHZ B, Tz, DL LEEHOBIIAZETHT TV,

R (EZEH0K) Ikd e, THIVATIA FOREIX)VF—IE (010)HiRE /N E RN T (120), (001),
(101), (111), (021), (110PJE L 72> TV 3 [1], ZlEIE 5 Nz &RICIF R T 3L F—DELV (010), (120), (0016 R 51
Hh, BFEELE (L00)IE T+ )bF—n < [6]. 7z (011), (102) BRIV F—DEVHEEADBND, TDH!
e UTiE, MRS 7 I X BRI VF—DZb, £iEHBHI R IVF—OWREREES A 2T 1 v 7%
SHROREEMEN T ENS, & LEERTEHWERI T V=2 DOMmD, HREIANDD T-OREIC KD TR)VF—
MEL 725 95, REMEDEWICK 270 IS DR GHENRIOLEMICRKERZHZRIL TS LIz,
—Ji. THIVAT T4 FOKFEFHEH TOZRFEIBRTIE, ¥ 1400C DL FOIRE T afill /5 mOz&F#HZ I b, clill/7m

DZAFERE X O E/NE L [7]. SEIOBESER L P TH %,

[1] Bruno et al, 2014, J. Phys. Chem. C, 118, 2498.

[2] Vattuone et al, 2013, Phil. Trans. R. Soc, A371, 20110585.
[3] Navaro-Ruiz et al, 2014, PCCP, DOI:10, 1039/c4cp00819g.
[4] Tsuchiyama et al, 2014, MAPS, 49, 172.

[5] Tsuchiyama et al, 2014, MAPS, 49, 404.

[6] Takahashi, Personal communication.

[7] Takigawa et al, 2009, ApJ, 707, 97.

F—7— R: WP, &5, I RS A4 b, AV E Ly, B—FMEHE BTl F—
Keywords: equilibrium form negative crystal, equilibrated chondrite, olivine, Ab initio, surface energy

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

PPS22-07 £3-A02 FFR9:5 5 28 H 11:00-11:15

| BI > RY 2 — )LD SEER _
An experimental study on the formation of the type | chondrules

AU A T IR 1R 2
IMAE, Naoya* ; ISOBE, Hirosht

iR - AT LWRSeRERE  ENT R, 2 BRACK
INational Institute of Polar Researdiumamoto University

T CHIC
OV RY a—)VERFEERIECNETEE UTLEE 1XED IW-0.5 DIEZEDE FTIrbNTER, TOSM T FeO
BMCES N By RY) 2 —)VEERS %, KK TIE. W35 IW-5 TaY RY 2 —)VOHFRERZ{T>72, O
FMETIE. FEORAICZ LW I IO Y FY a— )V 2 KT %, | Ba Y FY 2 — )LD FBIFEERIE Cohen and Hewins (2004)
THABNT VB, BHEBRICESNS, AHZETIE. 100°ChBEOHHBEE T, | BIa >y RY 2 —)LoiE#E « Ak
OFBEZHNE UTHEEEIT> T2,
ey
HFRYIE & LT, (1) AllendefE17 (CV3.2), (2) NWAL465[EL (V' )L— SN THRWVIREE IV FTA b)), BXU
() TV RS A MEROM KGR (BB, Vo AVaAF VY, ZUPZTHELIVAZRZA b, ZFEET /) —
YA, TIHZARVET A TY A R, O 3HEOMABEEAZ Wz, MAREAE, BIOKEFHK I T, &kE
IS 950°CC 10 RINER, 270°C/h OFIE « HBHELEE TIERR LTz a2 Y 2 —)ViBigERIZ, ©— 71T 1200-1550
C. WHIHE X 80-10000°C/h DHIFHT, ATkl EEEZE LEWK IV AT AR ZHOW S HEE. HOEn
&L TIro Tz, HOTFIX, BB HOKRGELL RIS EHIBETRE AR ER T, 2K 100 Pac#RE LTz,
HERRIE, FEIC 1 mmBEOREZHIT =TIV FARBMNIC, 0.2 mmEBEDEY 7T VI A Y —CHRBEEAZ R 5T,
VIR EVBGEIR. BEROEISE Wz, BesNPIEORKTIE. R0 1450°CHAT 1 PafiETh b, 7
V2 FRIOINIIKEN X TEIEZH) 100 PACHIEIT % & 7V FREBPITKEN AZHRA L. BesNil s 2L+
MEFUICRD, TOR, BYEFEIREICK b ¥— 7R (1450°C) TV RN H B OREEDFIZ IW-3 T, YU %
AR IZOERE, IW-4 E3RED, (1) BXT () IFSBIICZ DD E ERE &9 5B T, TNE TICE 531 (&
UAAABD 2314, 7L 30[E), (3)I3&EkEZ ST, 7t 210 (FIREIC 11, 10[8) 17> /2. FERARINE.
WHERICLT, T bay - Ja—7 -4 70« 7F T4 — (IXA-8200) THIFREIS L . FEMKIY). /T2 A,
BXUOIIVT OO AT Tz,
FER - Am
AllendePEf7. NWAL1465[E4 OFEREARZE W2 RZERICE W T, E— RN 1450°C, 1HHBEE A 100°C/h T, AL
RDBHEZMAEIE (THIVATITAR) B UAZRZA FERDPIOEHERAFY T v ZHBEET S 1 BIaV R
U 2 —VICEI T K E kA T 58 E 5Tz, TOMALAAIR.” BIIEVEY” T, RICESHALAAD
2t U7z 529 %7 dusty oliving BXU T A IVAT T A LD 2HDOIBTHRO DAL AAMERTE 2, Thidar
RYU a—)VHRRICE B L TW53, TOME - fHakid. VU AARFEDDH B R THEET, | a2V R a—)Wc k<
3%, ULhL. REEIAVEIA DI EIOY RY 2 —)VIci3@E. 2O 7o RO Eeki+%2 KA 31
T AW TICEFEH, BEEBINCIZZ <RV, 2EMRELZRDIzL TAH, BRI RELSBD LT, BRRES
WKWW' TT VT A XY= NOFT OWIUE, T A Y =W OO SFHIi Lz & T A, 2EHREICENT, 1
HihEW, Lo T, SR IESEKICOETT ST 8%, ZELTWVWE EEZ LN,
TG H VB TIE, E— 27D 1500°CLL BT, BEEkTAR L —BlC & 2 RS 5Nz, 1500°C
A ClE, KBRS, BEETERAT TIEIE—ICom UIh, HMREmR TIESEHKORBEMI A SNz, THFE
REREBEOBBEHENER LIz EEZ BN, TNHSOHRIE. WINERAROIY R 2 — )V E 1F—F LR,
D EOFEEREEET 2 &, @ESEZZTRRE XD &SEIRICZ LORIEYIEN I By R 2 —)VefEo iz
AR S B, LHALGEAS, IREEIY RS54 MO IRy RY 2 —)VICEZHET A2AWRER TFO/REE LT,
IRIARL U e @bl Fld 3> R 2 — ) WRRIRFICANB R DA SNz, 32 FY 2 —)VERRHC D ERIC IR L T
WZRTREMED D B 6
SZHR
Cohen B. A. and Hewins R. H. 2004. Geochim. Cosmochim. Acta 68, 1677-1689.

F—T—FR: YR a—)b, 1 B, ar R a—)UERR, B, ZERITE
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PRE954 108 11 KERAAD T 7?.\ %ﬂ‘fEﬁ:?:JFi’J/ NP Es

Cosmic-ray exposure age and heliocentric distance of the parent body of the rumurut
chondrite PRE 95410

ANEAR BER T i K L iR B L B o 2
OBASE, Tomoyé* ; NAKASHIMA, Da|suke1 : NAKAMURA, Tomoki'® ; NAGAO, Keisuké

AU R AR B A SR AR B, 2 SR UR AR AR PR e R B Mty L =2 SR i %
IDepartment of Earth and Planetary Materials Science, Graduate School of Science, Tohoku UrfiGarsitiemical Research
Center, Graduate School of Science, University of Tokyo

We measured concentrations and isotopic ratios of noble gases in the rumuruti (R) chondrite Mt. Prestrud (PRE) 95410. Thi
meteorite contains high concentrations of solar and cosmogenic noble gases, from which solar gas implantation rate (concentr
tions of solar noble gases implanted per unit time) can be estimated. By comparing the solar gas implantation rates between PF
95410 and lunar regolith samples, the parent-body heliocentric distance of the meteorite can be obtained, as solar wind flux
inversely related to the square of heliocentric distance. Based on the exposure model of solar noble gases and galactic cosr
rays, we calculated the exposure age on its parent body{5524Ma), exposure age in space after ejection from the parent body
(9.5£1.3 Ma), and heliocentric distance of the parent body+£0.2 AU) . The calculated exposure age in space is consistent
with the peak of space exposure age distribution of other R chondrites. The derived heliocentric distance suggests the locatic
of parent body when constituents of the PRE 95410 meteorite were exposed to the solar wind. From the previous studies ¢
mineralogy and chemistry, R chondrites might have formed between the regions where ordinary and carbonaceous chondrit
formed (2-4 AU). Hence the heliocentric distance of the PRE 95410 parent body studied in this work is not consistent with the
formation region. This may imply that the parent body of the PRE 95410 migrated from the R chondrite formation region to the
inner area where irradiated by solar wind before the ejection of the meteoritel(3.81a). Kr isotopic ratios show excesses
of 80Kr and 82Kr produced by neutron capture reaction on Br during space exposure. The minimum radius of the PRE 9541(
meteoroid was calculated as 53 cm from the abundances of neutron-induced Kr.

Keywords: Rumuruti chondrite, noble gas analysis, cosmic-ray exposure age, heliocentric distance
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a2 RS54 MEAD SrlafiARE . .
Nucleosynthetic Strontium Isotope Anomalies in Carbonaceous Chondrites

L P s e AT U Y O R e i
YOKOYAMA, Tetsuya* ; FUKAMI, Yusuke' ; OKUI, Wataru ; ITO, Nobuaki ; YAMAZAKI, Hiroshi !

U LSRR A R R R A I

!Department of Earth and Planetary Sciences, Tokyo Institute of Technology

We present precise Sr isotopic compositions in samples from sequential acid leaching experiments for three carbonaceo
chondrites, Allende, Murchison, and Tagish Lake, together with those in the bulk aliquots of these meteorites. The chondritic
acid leachates and residues were characterized by Sr isotope anomalies with yéfigblealues (10 relative deviation from
a standard material) ranging from +120 to -4700 ppm, documenting multiple nucleosynthetic sources within a single meteorite
In addition, theu®4Sr patterns across leaching samples for individual chondrites differed from one another. The /ii¢Best
values were observed for leaching Step 3 (HG®75 °C) for Allende and Murchison likely because of the incorporation of
calcium and aluminum-rich inclusions (CAIs). In contrast, extremely8hSr values were observed in the later fractions (Steps
6 and 7) for Murchison and Tagish Lake, suggesting the existence of s-process-enriched presolar SiC grains derived from AGI
stars.

A 131Sr<>*Cr diagram was prepared with the CAls and bulk aliquots of carbonaceous chondrites and other meteorites (non:

carbonaceous) that were plotted separately; however, they still formed a global positive correlation. CAls presented the highe:
184Sr ande®*Cr values, whereas carbonaceous chondrites and noncarbonaceous meteorites had intermediate and the low
184Sr ande®4Cr values, respectively. The positive trend was interpreted as resulting from global thermal processing in which
sublimation of highu84Sr ande®*Cr carriers generated the exce8$Sr ande®*Cr signatures in CAls, while noncarbonaceous
planetesimals accreted from materials that underwent significant thermal processing and thus had relafi¥’é§rlande>*Cr
values. Apart from the global trend, the carbonaceous chondrites and noncarbonaceous meteorites both exhibited intrinsic vari
tions that highlight an isotopic dichotomy similar to that observed in other isotope combinatione(€ge>°Ti, >*Cr-Al70).
A plausible scenario for creation of the intrinsic variations involves local thermal processing (e.qg., flash heating for chondrule
formation) caused by additional selective destruction of presolar grains different than that caused by global thermal processing
The existence of such a global positive trend and local variations for two meteorite groups suggests a complicated dynamic hic
tory for the dust grains with respect to thermal processing, material transportation, and mixing in the protoplanetary disk prior to
planetesimal formation.

F—U— R StRAfifk, 7LV —5—Hi T, B —F 27, AV RSA b, TEAR, BT Ok R
Keywords: Srisotopes, presolar grains, acid leaching, chondrites, nucleosynthesis, thermal processing
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ngh precision neodymium isotopic anaIyS|s of chondrites with complete sample diges-

tion

G TR 1 B B L SRk pER Y
FUKAI, Ryotal* ; YOKOYAMA, Tetsuya ; KAGAMI, Saya!

VHGIT ¥R HERSE R RS
!Department of Earth and Planetary Sciences, Tokyo Institute of Technology

A variety of isotope anomalies have been discovered in bulk chondrites and differentiated meteorites (e.g., Cr, Mo [1, 2]).
These results point to the existence of planetary-scale isotope heterogeneities for refractory heavy elements, which are mc
likely due to the heterogeneous distribution of presolar grains (e.g., SiC, graphite) in the protosolar nebula before the onset ¢
planetesimal formation.

High precision Nd isotope analyses in meteorites have been the center of interest in recent cosmochemistry community. One «
the most remarkable results is that chondrites poséelisl/'44Nd ratios~20 ppm lower than those in terrestrial rocks [3]. The
anomaly was interpreted to be caused by the Sm-Nd fractionation via early differentiation of the terrestrial mantle. On the othel
hand, variations in stable Nd isotopes (e!d%;'°°Nd/***Nd) have been documented in chondrites [4]. Although the authors
concluded that the observed variation was due to incomplete digestion of presolar grain-bearing samples, the existence of N
isotope anomalies in bulk aliquots of chondrites remains unclear unless high precision Nd isotope data with complete sampl
digestion become available.

In this study, we revisit high precision Nd isotope analysis of chondrites coupled with a new sample digestion technique that
confirms complete dissolution of acid resistant presolar grains. We also develop a modified dynamic multicollection method
using TIMS to improve the analytical reproducibilities.

We investigated two carbonaceous chondrites (Murchison, CM2; Allende, CV3), five ordinary chondrites (Kesen, H4; Cher-
gach, H5; Saratov, L4; Hamlet, LL4; St.Severlin, LL6). The ordinary and Rumuruti chondrites with a petrologic grade greater
than 3 were dissolved by a conventional acid digestion method usingsHNEF + HCIO, [5]. For carbonaceous chondrites,
each sample was digested using a high-pressure digestion system (DAB-2, Berghof) with HR;+HINGO, to completely
dissolve acid resistant presolar grains [6].

The Nd isotope compositions were measured by TIMS (Triton-plus, Tokyo Tech). In previous studies, Nd isotope compo-
sitions of bulk meteorites have been commonly measured in the “static-multicollection” mode, which may be affected by the
time-related deterioration of Faraday cups [7]. In contrast, the “multi-static” [8] or “dynamic-multicollection” methods can re-
duce the effect of cup deterioration by acquiring Nd isotopes with multiple lines of different cup configurations within a single
analytical cycle. In this study, we developed a modified “dynamic-multicollection” method.

In contrast to the static mode, the dynamic method achieved improved reproducibilities as fottMd44Nd: 2.8 ppm,
148Nd/M4Nd: 4.5 ppm, and®°Nd/**4Nd: 9.2 ppm. It should be noted that improvements of reproducibilities are evident for
18N/ *4Nd and'®°Nd/'**Nd ratios even compared to those obtained in the multi-static method (6 ppm and 19 ppm, respec-
tively) conducted in [8].

All samples have:!*2Nd values 20- 30 ppm lower than the terrestrial value. In contrast, all but one sample (Allende) have
u**8Nd values indistinguishable from the terrestrial value. Likewisé”Nd values in chondrites are generally within the range
of the terrestrial component. Although the data points are limited, this study suggests that stable Nd isotopes were homogenous
distributed in the protosolar nebula, at least for carbonaceous, ordinary, and Rumuruti chondrites.

References: [1] Trinquier, A. et al. (200ApJ, 655, 1179. [2] Burkhardt, C. et al. (201BPSL, 312, 390. [3] Boyet, M.
and Carlson, R. (2005%cience 309, 576. [4] Carlson, R. et al. (2008cience 316, 1175. [5] T. Yokoyama et al. (1999)
Chem Geol, 157, 175. [6] T. Yokoyama et al. (201HPSL, in press [7] Brandon, A. et al. (20095CA, 73, 6421. [8] Caro,
G. et al. (2006)Geochim 70, 164.

F—U— R AR, AR, 32 KRS5A +, Nd, TIMS, 7L Y —5—Hi 1
Keywords: isotopic heterogeneity, isotopic anomaly, chondrite, neodymium, TIMS, presolar grain
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BRIRIFRNAD RN 5ELT % 7 2 T HA F(UN) CAl RiEEPIE Db AR
Chemical composition of a precursor material of an Allende F(UN) CAl estimated from
a mass dependent fractionation

R P T LERAR BE T i A 2 B A 2 AT
FUKUDA, Kohei'* ; HIYAGON, Hajime' ; TAKAHATA, Naoto? ; SANO, Yuji? ; HASHIMOTO, Akihiko?

VGO EIBRER B R AR, 2 SO R RKURERIZET, 3 JLifiiE K i BRI
IDepartment of Earth and Planetary Science, The Univ. of Tok§@RI, The Univ. of Tokyo,?Department of Cosmosciences,
Hokkaido University

Calcium-aluminum-rich inclusions (CAls) are considered to be the oldest solid materials in the solar system [e.g., 1, 2]. Some
CAls show mineralogy, texture, and isotopic signature that have experienced melting, evaporation and recrystallization [e.qg.
3, 4]. These CAls have lost primordial chemical compositions caused by evaporative loss of less refractory elements such &
magnesium and silicon from the melt. Hence, in order to understand the origin and evolution of such ‘igneous’ and isotopically
fractionated CAls, estimations of primordial compositions of these CAls are required.

Estimations of primordial compositions of ‘normal’ igneous CAls have been conducted by determination of mass dependen
isotopic fractionation degrees in Mg and Si [5, 6], but those of igneous CAlsfvaktionation and/nknown Nuclear effects
(FUN [e.g., 7]) have been poorly carried out. FUN CAls are amongst solar system materials with extreme mass depender
isotopic fractionations in Mg, O, and Si. The origin of FUN CAls is still not well understood, but they must have information
about an earliest stage of the solar system evolution. Here we report chemical and Si isotopic compositions of a CAI from
Allende, called AL1B-F. AL1B-F is a forsterite-bearing CAl which shows large mass dependent isotopic fractionations in oxygen
and magnesium [8]. These fractionation signatures indicate that AL1B-F is related to FUN CAls.

FEG-EPMA (JEOL JXA-8530F, the Univ. of Tokyo) was used for petrologic studies. Silicon isotopic compaositions have been
measured by the NanoSIMS installed at Atmosphere and Ocean Research Institute, the Univ. of Tokyo.

AL1B-F is composed of two parts, a forsterite-rich core and a spinel-rich mantle. Among these two parts are filled with
abundant secondary minerals (e.g., sodalite and nepheline). Silicon isotopes of forsterites and Al-Ti-rich pyroxenes in AL1B-F
show a large mass dependent isotopic fractionation of ug2®%./amu.

In order to estimate the primordial composition of AL1B-F, we combined Si and previously measured Mg and O isotopic
data [8]. If we assume that mass dependent isotopic fractionations in AL1B-F were resulted from simple one-stage evaporatio
event,~80% of Mg and~75% of Si must have been lost (evaporated) from the molten precursor of AL1B-F based on the
experimentally determined isotopic fractionation factors [9]. Because of the presence of abundant secondary minerals, it is nc
possible to precisely determine the bulk chemical composition of the present AL1B-F. If we assume, however, that secondar
minerals in AL1B-F are alteration products of primary melilites with Ak mole% of, e.§9, which is a composition of melilites
in the Vigarano forsterite-bearing FUN CAI 1623-5 [10], the estimated precursor composition for AL1B-F woulgibst%

MgO and~50 wt% SiG. The result suggests that the precursor of AL1B-F also have a Mg- and Si-rich composition like C1,
1623-5, and CMS-1 FUN CAls [9, 11].

References: [1] Bouvier A. and Wadhwa H. (2010) Nat. Geosci, 3, 637-641. [2] Connelly et al. (2012) Science, 338, 651-655.
[3] MacPherson G. J. and Davis A. M. (1993) GCA, 57, 231-243. [4] MacPherson G. J. et al. (2012) EPSL, 331-332, 43-54. [5]
Grossman L. et al. (2008) GCA, 72, 3001-3021. [6] Bullock E. S. et al. (2013) MAPS, 48, 1440-1458. [7] Clayton R. N. and
Mayeda T. K. (1977) GRL, 4, 295-298. [8] Hiyagon H. and Hashimoto A. (2008) MAPS, #5128. [9] Mendybaev R. A. et al.
(2013) GCA, 123, 368-384. [10] Davis A. M. et al. (1991) GCA, 55, 621-637. [11] Williams C. D. et al. (2014) LPS XXXXV,
#2146.

F—7— F: FUN CAI, ERIKIEFRINIAR IR, 7r A RFRLA, A A E & HE!
Keywords: FUN CAl, mass dependent isotopic fractionation, silicon isotopes, ion microprobe
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Vigaranob& {5 & Type B1 CAIDEEZE [RINiA /i
Oxygen isotopic distribution of Type B1 CAI from the Vigarano

AR JEEEE S B 1 A TR AR ek
YAMAMOTO, Yoshihiro'* ; KAWASAKI, Noriyuki ! ; SAKAMOTO, Naoyd ; YURIMOTO, Hisayoshi

L bifgE K
!Hokkaido University

FRAICE £ N5 Ca-Al-rich inclusion (CAD &, KRR DA THS. CAlITZ DHBIIN « SEYIRIC BN TR
Y—ix R AN AR Z 5D (e.g., Yurimoto et al., 1998 CAI SO —/xiEERN AR, PIHHAGREEDR
7% 2 BRFNAR R Z & DFEIC I 5, EEIIARL, T, EATH TOEUR EDOB T Tt A, B 5 WIZFBEGRER A
FTOEREEEARICHEENT-EEZ 5N TS (Yurimoto et al., 2008. LA L, & CAl, RIMcHENT, ZD
R FENAR K Z TR D T i B IR T 0 A3 E R 5. AL TR, CAl HORE—ZBEEFRN DN, KD
ICIRE > e ZBRT 272912, CAl MOILHIFIC DTz O RFEMNCEERFINA DN 21TV, AABIEHER & i L 7.

FRHC U VigaranofB A H D Type B1 CAIZ Wz, alRlOBIE L e 7Hid FE-SEM-EDS (JEOL JSM-7000F; Oxford
X-Max 150 ZHW\WTi7o 7. BERNMAIHIE SIMS (Camecaims-1280 HR TfT> 7. XA 4> D %0~, 70,
180~ % 3 DDOMHERTRIKHCMIE T 2~ )VFaL 7y 3 »E— RZHV, 25370 V[ET 40 X 40544 72K 1 mm
fi% 3K, FF 48005 Lz, “RAA VE—RidHiz0 108 O L, LRy &, AT—YB#EED
M, —midiz0 55 TH -7z,

A CAIE, 6.5Xx3mMMDOKRKEZT, FHAITHEIT-7/EZ L TWVA. CAlLE, AEXIL, AUSA N, 7/—HA
k, AFTIICEBA =Y A~ (7oA ) holdar7ie, KAV TA LRSI Y MVEBTHKRES N, H
PHi Wark-LoveringV) LNIZPHENS. TD CALIFKRESKBL T TZOARRDIZIANATH 5. 7V 7L ERI,
—fR7% Type BLCAIDE D & —3d % (Grossman, 19756 XKD, XU 05 OFSEILIEFIEF AL, XU A
k, 7/—YAF, T7vHYA+TH5S (Stolper, 1982.

FH OMEZE R AL =R AK T, CCAMRLICIBWAHR L TWA T b Tz. MEBEY T &Iy
e AT S LE/RD L, AEXIVE A T4 b ZENFN 160-rich (680 =-45/3—3)1) & 160-poor (6180 =11
IS=3)V) DEPICEFRLTWS. 7/ —Y 1 M& 190-rich & 160-poorDifiinZNZFUCE— 2 % & D\, T—X)Vix
DR LTWS. 77 wYA Rd 60-rich DRIEHNZ L, 60-poorfllic 7—IL % & D.

78T LTz CAl OBBRFINASIRIE, POICETAL S, REXI, T7vY A e /—YA K, AVUSAMOIET
HH, AV EHEOREERENDHEIICHIHT 5T LIEARARETH 5. LIz T, A CAl OFBEFENAI ML, —ELU
L OBERIFHAROMEER, L IEMEEELNO T O A TIRETNTWEEZBNS.

F—"U—F: CAl, [, BERFNIK, SIMS
Keywords: CAl, meteorite, oxygen isotope, SIMS
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7 L7 PR Type C CAIDIEZRIANIA 1 & MIEATARED Al-Mg 4K
Al-Mg chronology and oxygen isotope distributions of multiple melting for a Type C CAl
from the Allende

JUiGG A7 s bk T2 G 1E— 3 K EAT Y Ok T 4 A R
KAWASAKI, Noriyuki * ; KATO, Chiz? ; ITOH, Shoich? ; WAKAKI, Shigeyuki* ; ITO, Motod* ;
YURIMOTO, Hisayoshi

LGB R, 2IPGP,3 SERE, 4 R LB RS
I'Hokkaido University?IPGP,?>Kyoto University,*JAMSTEC

FEICT £ % CAl (Ca-Al-rich inclusion)id, #IHIRRZREER TE S IMEVARIZRR LB LIz E SN TW5 (eg.,
Yurimoto et al., 1998) T DT &i&, WIIHAKEGR CEEMEAAL N FEDIRLEE TV &Z2/Rd, CAIHICE,
I 73 J74E T Mg N\ L EZE G B IEHALRE, 25A1 DIEERDOD 5 T (e.g., MacPherson et al., 1995)k - T Al-Mg
AR Z V2 T & T CAlINEAA N b DEQAIED RIRETZY, ZD7DICiE, CAl INENARLERE O 72 B
RETHS, AT, 7V TBEAD Type C CAL EK1-04-2D 574128 & BEZRINIA TS K 2 InEAARIE 7
DFHiliZIT o7z ZHUCHDE, R 2B 3128072 N2 U LT Al-Mg ERIIEZ 1TV, CAL D InEATARD
FERZRDTz,

AR OBIZ L e, FEE T NIfRNT X FE-SEM-EDS-EBSDY X 7 L\ (JEOL JSM-7000F; Oxford X-Max 150; Oxford
HKL) ZHWTiTo 72, B2 - Al-Mg [FIfI{A7#7id SIMS (Cameca ims-1270, ims-1280HR) 1 - 7z,

EK1-04-213%) 2 mmD K E XD CAl T, FICAERIL, 7/ =Y Ak, AV, T4+ T A K55,
EK1-04-21%, RSO ELL S AHRDENMNC KD a7 e~ Y VSR T 5N5, a7ETE, BEOAE RV
MMUFEIORERHICHHENT VS, 7/ —J A4 MEEEN S FAEZRT, AUV EAENSMIEZRL, BEDY
=Y AL, REXINVEHET D, T4 TV A RIMMEZRL, ARV, AV ZHTS, Lizh> T 7 EHORK
S OfEEbEF X, AR, T/ =Y Ak, FVEY, T4 TVA RDIEER%, <2 MVERIE a7 & [ Tk
YA ORI, a7 ENER AR, FESE L U7z & D,

I DOEEZFN AR IZ, CCAM T4 2 ETHHL (680 =-4405+9%0), EK1-04-2HMbEINCIE i TH B T &
ZRLTWD, ARG OICETHK (6'80™-43%) Z&H, —HT7 /=Y A MI S0 Z LK (6180 7+8
%) Z2ED, ATERDA VY Y LA T F T N3 REERRNARR (6180 ™-15%) ZED, Y MVEOAY Y
enAuFr X, a7 HORBEPNCEENT B0 Z LWL (5180 =-1305-4%0) ZE D, #8109 Al-Mg [RINIAS
HroofER, A3V (PAII%TAl) = (3.50.2) x 1075, 7/ —H A M (-14£5)x 1077, a7tV e eraFxy
ViF (1L X 10 DT A Y Ric Ty hENTz, Y MVEOA Y s ad T E, a7 EOESEY X D K0
§25Mgfifi 7z~ L7z,

FARIIET- & S AR B, EKL-04-20DEBGEFEILA DO X S ICEREN S, milk CAl 1E, KBERitEN S
A3 JTFRITIEI UTze FDD75 < & & 160 HHARIC, CANIERVARIL, SBTARIA IV b & D 160102 LWEES
A & DR CHERFNALZHMNE S 57z, 150ICZLW0a 7oAV Er &8 r uF o E T OEDTERA L - Sk
ftU7ze ZDF, Alrich 22 FY 22—V CALICHE L, HUHEDERINEC D, <2 MVEZER LTz, &R, 7
J—YA FOWEFE - T 3T LENRE, 7Y TREARKRAK ETOZRBAERFIC EAR O FRFILEIC X D BB E
Nizo AWIZED S, EKL-04-23 ARG REZ D &8 160 HELLEEY, ZORIC EOIMBARZ B LTIz
Ehbholz, £z, BERE ETOZERIEMICED, CAl OEEEFNAL 260AI-Mg Rix, FEqY A XX > TEDIC
BHILENTWB T EhRENniz,
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Mixing of exogenic impactor materials on the surface of asteroids: Disruption, penetra-
tion, and consolidation

RS 1T 1
NAKAMURA, Akiko *

LR R R AR B A SR
!Graduate School of Science, Kobe University

HED BEAICIE, BB DREE AV RIA I T A M EFL T EARINTVED, BHEK DawnDOBIlIc k> T, /h
R VestaDRIICHEZEIC K > TREE Y R I A4 MIENE 26 SNTEBDRDh - 7. Almahata SittdE (1%,
BRARSZEANIIC 2008TG EFHENB/INKETH -72h, AL A T4 M eEWr LT 2RYEAEETHD, TURAEZXA
FIYVRIAREBEIV RSA L, REEIAV RIA MM ELHEEOEAE NS> TWA. REREE Wild2 DEE,
IHTORER, KEBEFEOEIRME TER S N EEZSNIZYEZGTL T ENHLEMIEI N, DFD, HERIKIZZD
R EEEDNT N DS T, HEBEORZ2YEMEA L. TOXINT/NRIKTIE R 2 EEZ & DOYENE
B9 27O ANEEMC, £z, BOKRLUECEEEZILNS.

FAE IR X BYERSERICOWTHLNCT 578, ERERS>TNREICH LT, EnXkHsxWENEDX
I RS THEZE LG EOREREI NS D, EOREED CTh, BEIEENEMTONT, B/ NRIRRER &5
i & - %?Lgiﬁ%ﬁk&b\afcéié“i I W T BB 21T S T L TNz, ZORER, (1) Yok (i
ZR) OWHEDOIREX, PR EACRYEOBINREDLL Talh TE 52 &, (2) AAEDENEZE LI E FiC
ETHHIIX, WEEEET DL, HEME z%fi R 90 B DIKKIKTHH->TH, BB WVEY A XD 10045 TH B T
&, 122U, (3) ZERZZ L FUISRIE DL, ZERZ2KkS &) 27 aaiiic X 0 2RO E Fh PN T
TRBLE UTHRFELT L, KO RERELS £ TH D c Uﬂﬁ%’lﬁfﬁ&’)% cl, (4) MR 57%% L 3D RO EH
EEZETIE, BOTEEICKAEE FRICKD, RN TFOA RS20V & L3 AR TFOEENBT5T &, H
bholk.

AFETIE, bz, RIKZERER « EZAY A X - H288SICEH LTI L, FRONKEDOBIIFEH & L LEN S
Y B.

F—U— Fr/NRE, #2E, EER, A, LdU R
Keywords: asteroids, collision, laboratory experiments, meteorites, regolith
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Experimental confirmation of ringwoodite crystallization from shock-induced melts
Experimental confirmation of ringwoodite crystallization from shock-induced melts

MUTOU, Daiki! ; SEKINE, Toshimor* ; KOBAYASHI, Takamich? ; MASHIMO, Tsutom¢ ; OHFUJI, Hiroak#
MUTOU, Daiki! ; SEKINE, Toshimor* ; KOBAYASHI, Takamich? ; MASHIMO, Tsutom¢ ; OHFUJI, Hiroak#

IHiroshima University?NIMS, 2Kumamoto University!Ehime University
IHiroshima University?NIMS, 2Kumamoto University?Ehime University

Many high-pressure phases have been identified in meteorites that experienced heavy collisions. The presence of high-press
phase may provide an estimate of pressure condition. However, the dynamic formation conditions may not be equal to those
static pressures and there is no firm experimental report to indicate the ringwoodite formation at dynamic pressures, although the
are Hugoniot data and trials to synthesize ringwoodite by shock compressions. We tried to confirm the ringwoodite formation by
hypervelocity impacts from two powdered mixtures of biotite and cristobalite (sample A) and phlogopite and cristobalite (sample
B) for Fe-rich and Mg-rich ringwoodites, respectively. When we used stainless steel containers for recovery, the container ha
reacted with the biotite melt to form chromite spinels. No spinel phase was observed in sample B. When we used coppe
containers for sample A, X-ray diffraction data on the recovered samples indicated a spinel phase (a =0.8257 nm). Because tl
lattice constant is greater than that of Fe2SiO4 (ahrensite) and significantly less than those of magnesioferrite and magnetite, t
composition can be a Fe-rich ringwoodite. However, detailed scanning electron microscopy indicated no obvious crystals on th
polished surface where there were many spherical voids. Finally the Raman spectroscopy investigations detected spectra simi
to Fe-rich ringwoodite in the voids. We will try to investigate the spinel phase using analytical transmission electron microscopy.

The present experimental results confirm the formation of ringwoodite from shock-induced melts. Further studies need tc
provide Mg-rich ringwoodite formation and the minimum dynamic pressures required to the formation. If such experiments are
extended to the other high-pressure phases present in meteorites, the shock pressure estimation will be more powerful and help
than the present.

F—7— F: ringwoodite, shock-induced melt, crystallization, recovery shots
Keywords: ringwoodite, shock-induced melt, crystallization, recovery shots
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HEZZ5E 7% lingunite DA K
Formation of metastable lingunite

Iy BRI L AR AEH Y i Tt B AR R R 2 BENI 53 Ik fhE 4
FET B2

KONO, Mari! ; KUBO, Tomoaki* ; KATO, Takumi' ; UEHARA, Seiichird ; KONDO, TadasH ;
KIKEGAWA, Takumi? ; HIGO, Yuji* ; TANGE, Yoshinori

LK « B, 2 KK - B, 3Photon Factory*JASRI
IKyushu Univ.,20saka Univ.3Photon Factory:JASRI

Lingunite (hollandite-type NaAISi308) has been frequently found in shocked meteorites with other high-pressure minerals
(Liu and El Goresy, 2007). According to the laser-heated diamond anvil cell (LHDAC) experiment by Liu (1978), following the
decomposition of albite (NaAlSi308) into jadeite (NaAlSi206) plus silica (SiO2) at 2-3 GPa, these phases recombine to form
lingunite in the range of pressure between 21 and 24 GPa, and then it decomposes again into calcium ferrite-type NaAlSiO4 plu
stishovite at pressures above 24 GPa. Similarly, Tutti (2007) observed lingunite as a minor phase at 21-23 GPa and 2273K usir
LHDAC. In contrast to these LHDAC studies, high-pressure experiments using multi-anvil type (MA) apparatus revealed that
the maximum solubility of NaAISi308 component in hollandite structure is limited to "50 mol% at 14-25 GPa and 1073-2673K
(Yagietal., 1994, Liu, 2006) and NaAlSi308 lingunite is not stable at least up to 2273K (Akaogi et al., 2010). This contradiction
has not been solved yet, which makes it dif?cult to understand the shock conditions for the presence of lingunite in shocke
meteorites.

To investigate the lingunite puzzle, we focused on the formation process of lingunite by conducting time-series experiments
We performed high-pressure experiments at 18-27 GPa and 1073-2023K using both LHDAC and MA apparatus. Powders ¢
natural albite, oligoclase and labradorite are used as starting materials. Existing phases were identified by X-ray diffractior
method.

The quenching experiments using MA apparatus revealed that lingunite does not form in 5 min, but forms in 60 min as a single
phase from oligoclase at 20 GPa and 1473K. In situ X-ray diffraction study indicated that oligoclase becomes amorphous witt
increasing pressure and temperature. At 22 GPa and 1473K, lingunite first crystallizes from the complete amorphous oligoclas
in 100 sec, and it decomposes into stishovite and CAS phase in 60 min. These results suggest that lingunite forms as a metasta
phase by solid-state reaction after the amorphization of oligoclase, which might have also occurred with maskelynite in shocke
chondritic meteorites (Tomioka et al., 2000). In contrast, lingunite was not observed when albite and labradorite were used a
starting materials. The amorphization pressure increases with increasing albite component. The pressure condition for comple
amorphization of albite is higher than that for the lingunite formation. No lingunite observed from the albite sample in this
study implies that the complete amorphization is required for the metastable formation of lingunite by solid-state reaction. In the
case of labradorite, lingunite was not formed even after the complete amorphization. This is consistent with the observation the
lingunite with labradorite composition in martian shocked meteorites crystallized not by solid-state reaction but from plagioclase
melt (e.g., El Goresy et al., 2013).
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Shock-metamorphosed zircons from the Jack Hills metaconglomerate in the Narryer Gne
Complex, Western Australia
Shock-metamorphosed zircons from the Jack Hills metaconglomerate in the Narryer Gne
Complex, Western Australia

HLAS I 5 /e
YAMAMOTO, Shinji'* ; KOMIYA, Tsuyosht

VUSRS EiTFeRt

! Department of Earth and Astronomy, Graduate School of Arts and Sciences, The University of Tokyo

An intense flux of extraterrestrial bodies into inner solar system during ca. 3.8-4.1, called as Late Heavy Bombardment (LHB),
has been hypothesized originally from studies of the Moon. Extraterrestrial impacts by meteoritic bodies and comets on the earl
Earth play a significant role for the initial state of crustal, atmospheric and biological evolution. Considering the planetary size,
the Earth should have suffered approximately 20 times the impact flux compared to the Moon. Ancient terrestrial evidence o
impact in the early Earth is, however, scarcely preserved due to surface erosion, sedimentary burial and tectonic destruction. -
date, the oldest impact structure on the Earth is the 2.02 Ga Vredefort Dome, South Africa, and another oldest evidence of impa
is 3.47-3.24 Ga spherule layers in the Barberton Greenstone Belt, South Africa. The impact chronology from these spherul
layers suggest that the impact flux was significantly higher 3.5 Ga than today, but there are no terrestrial evidence of impact pric
3.5 Ga.

Geological information during Hadean era (before 4.0 Ga) can be deduced from detrital zircons as old as 4.4 Ga preserved |
metasedimentary rocks at Jack Hills in the Narryer Gneiss Complex, Western Australia. Previous studies have reported that tt
Jack Hills metasedimentary rocks contain detrital zircons with ages continuously spanning from ca. 3.0 up to 4.4 Ga, but evidenc
of impact, such as shock-metamorphosed minerals, have not been confirmed. In the study we first report shock-metamorphos
detrital zircons from the Jack Hills metaconglomerate, in the Narryer Gneiss complex, Western Australia. A total of 8993 detrital
zircons were investigated for the surface and internal structure using a scanning electron microscope and optical microscoy
with/without acid treatment, and four types of shock-metamorphosed zircons were currently identified; (1) curvi-planar (non-
planar) feature (n = 6), (2) multiple sets of planar feature (n = 7), (3) partly granular (polycrystalline) texture (n = 2), and (4)
fully granular texture (n = 10). Of these four, multiple sets of planar feature are proved for diagnostic evidence for impact origin,
and now observed as annealed (decorated) planar feature, probably due to post-impact thermal heating or regional metamorpl
overprint. Coarse polycrystalline zircon represents several micro-meter sized crystallites in a glasgynZaiOthat may
resulted from shock-induced amorphization and subsequent recrystallization. This grain shows abundant micro-vesicles and tir
ThSiO, phase suggesting incipient melting and degassing.

Shock-metamorphosed zircons are often utilized for impact-dating due to their partly or completely Pb-loss (age resetting)
Therefore, impact age determinations on shock-metamorphosed detrital zircons from the Jack Hills metaconglomerate woul
provide significant clues not only for the deciphering the impact history on the early Earth but also for the verifying LHB hy-
pothesis.
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Shock P-T hlstory of Martian meteorites as revelaed by electron microscopy of "brown”
olivine

Mz saE Y, =N T g 2
TAKENOUCHI, Atsushi* ; MIKOUCHI, Takasht ; YAMAGUCHI, Akira?2

LUK AR AR R i S R RS R R A 3, 2 T M 2
IDepartment of Earth and Planetary Science, The University of ToRyational Institute of Polar Research

1. ZC®Ic KEBADZ IZIEFITHRWEREZIF TE DL REHRERHABE RS, TOHTEHYITHD
HefbidMEBRORFEOEDTH S, TEMICK D lEBIRIC K5 &, BT ADREB(LDRERIE A > T AR &
HUTZER 5 — 20 nmiZ E OB E 2 IFEILDF /i FTH B T LWL NTWS, TNHET /R TIZNETD
BRERIERICKDIERENS EEZ SN TWVAEM, BRSSPI BGEREDFEIC DOV TIERHE SN EZ L, INn6Z
RIS % C & TNETORKRBEZEHGICH T 5H 2 5.2 % T MR ENS, A TR, BEAHV SV AEEETK
B EEE VARG, RMOEREZTIEREIY RI4 Mg, L., Bh VS a0 AGRRE & RS
HZHSEMCT ST & T, KETORKEZRBR O RN 2 RS T & il Tz,

2. iR BlgiTIRNEREG 8D (NWA 1950, LAR 06319, LEW 88516 Y984028 NWA 1068, RBT 04262 LAR
12095 Tissind &MWEERZZIF TS LIV KT A 1D (NWA 4719 %7z, NWA 1950, LAR 06319, LEW
88516 Y984028i3 71> T ARG L TED., MOEATIEEAEL TV iRW,

3. MiREeER HEBIETIE. ﬁ/%/EM¥WTﬁ+um®x7—wT®ng&%@ﬁE6htoit|AR
06319 LEW 88516 Y984028Tlx 3 v 7 A)V MDEFTH > T U ADFR DML SN, ZDOX 5 &M TR A
T UADEBNRSNEZN ST,

HELEBIIES AEEIC R T SEMICE % BSERTHZ WAV I A RERL, 75w 7hvha <, EBSDIC &K
DAEERSEMITIC K % LEERE S BN 572, NWA 19500 R M7 5 VATl TOHZ WEE M NE L > DIRES
KTHo., BT 770 YA XOBRTFDFEET %, TEM & STEMIC X B TR, kDS ki Hicinz
Ty A ZXDOKENHEREIRPT Y RIROFR DR SN, WINE EFEIC SiDEEMIZRSNah o7, F/z, EBSD
ETIRVDMNICK BT E B L BOh YT Az B KEBAICIEY 3y 7 AV RORITY Ty XA N EDE
ESEIDMEER T, 3w 7 X)L HICKIERAIED N VI VY ADMEET S T e b, TO X)L MIERICHEL Lz
EEZLNS,

Behyo vara8EhWkEROGEIY RIA MCBWTIEYa v 7 XU s OFFETEEIDERE NS Tz KA
U MEEEOMITHE - Bt L7z EZ SN, ZOX S AR TIIRANCA VI U ADEBM RNz, ZN5 DT
BB EH VT AT Z RS C e SERROIEEGEREZFF D EEZ SN, Ta v 7 AV ORI T
fEF35cehb, Bk @) /RrOIER) ICZERMOSENLRETH S C LTS, g, Bahr S
VADAE I B ORIE DR — 2 KL TR HTRENZ R LTV 5, RN OISR —I B8 X D 1 FLL
NTHRHEENTLUES I208F /hiFE ZNOEVKEI A — IV TEREN- ¢ E 2 5N 5,

F K FORIFE IS SiOEEMPRSNZNWC L5 YT U ADBEITERROYIC SN 5 o &
EZbN, TOLE, SR FOEGEREIX S TV AaThOBOILENESEST 5 C e MISENTWVWS, LML, hrT v
AT OFRDIEEUTIE RS DA~ KM T E R Wz, /1T A KD SILECEEDEHTEOEFERH (wadsleyite®
ringwoodite kix%bt[ﬁ”ki‘fﬂﬂw‘ﬁuotg ENRETH D, Bl I Aol DIROEAESEREIZE & &
ERIEMHTH A AREMEN D D . ZDHE ., IREDONI—MZ T RKMAEETH 5, AV T U AZETNEEAIZ. B
Eé%@byayE#ﬁFW%%ﬁ%$o&mmmf®%%k—kmkCﬁm@%@nkﬂ%ﬁﬁ%%o%@ﬁyay
Az ZHRAICKS AN A YT U AO R EEHDIHKIE., 2ERNEIRICED 2 a v 7 XU FEEOEHID
ENTslERc Iz E256N7%,

4. K COXIICEOR YT Az GUEAIIEA SR THREMNICRES—AEiREEIRENFE L. 2RI

RICR 2 &5 B RAREENBREZR L, ZUIAEND NS DORBRAZ U U BRI OB 2 R TH -
t%kﬁmbfm%&%zgh% EZSRE T ERED S 0 X EICEEIOFEIC K OHEEDN RSN T2 H, B
h YT A EECEAOZESELYZE EE R0V D 5T X DEWEREZ I e H %, T UTESTELRYIOA
EZ T TRAT LEEROBBIIHEE TE T, FHlABIEICE DV RS HIN A S OHEENEETH S T L 2Rg
LTW3,

F—TU—FKE KERA, &Y, i, Ao a8
Keywords: Mars, Martian meteorite, High pressure mineral, shock, brown olivine
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Pressure dependence of cathodoluminescence spectra of shocked quartz.

WOt L HERR 2 HHT E— 3 BEAR RN L BEAR FIISE 4 PR # 5 ; /)R BiGE ©
CHANG, Yu'* ; KAYAMA, Masahiro? ; TAJIKA, Eiichi® ; SEKINE, Yasuhitd ; SEKINE, Toshimort ;
NISHIDO, Hirotsugti ; KOBAYASHI, Takamichf

VRROR P i, 2 R PR i, 3 BROK SRR MMERE L, 4 IRIER PR i, 5 R LERRER B SARIEEREZET, © WY EA RS
s 4

LEarth & Planetary Sci., Univ. of Toky@Earth & Planetary Sci., Kobe Uni*Complexity Sci. & Eng., Univ. of Tokyc!Earth
& Planetary Sci., Hiroshima Univ’Research Institute of Natural Science, Okayama Univ. of Sciefidational Institute for
Material Science (NIMS)

FAEZUIRGFRICBE N TEENCAEC2BHRTH D, BB SRR RIS OME(L 2 PR d % L THEERKEZ
RI=9 . HER FICTEES 2257 L— 2 — 3 KIKEZEHSROEYITH O, YEREANRMIED S E2ei %% HRd % 120
DOEFERMERNETHZ. £ 0D, EHRLFEVIE O & E BRI R U ERE &M OE T, REAr—)LT
OEZEOYFHRICET 2HAEEGZ2E8DEEZ2 5. TNET, R FOTEESHEYIOO L DTH B AH5E
Tehe 2 B oHeE: (T 218, PDFS MMERINTWVEEDD, ZFDEIFEEEMME. TETIE, WEIC
BRI U Z2BIC B S NA R RTH B Y — RV 2wt~ A (cathodoluminescence, CLOYVEHENTEHD,
FRCAEDFERFEIC OV T REWERICHAFT 5 T e PME SN TS, LM LEDND, TNE CHEBEANK K
Xt & Uz CLIC K 2R/ o R OREHI R ENTWRWY. 7 2 TARIZE T, EERZRRIER M IEOF R
NIF 8 B BINICEHIES 2 721, RMNAEHREMHEERZIT, ZORPGIRO CL AT MVIlEZETT-> Tz

AR SEERIC I, PEM R CREE SN0 2 —BE SR Z W e, A7 2 L ABD RIS ERNICE A LT HITE
AR I HLEE S (BRI KOTSRS FEET 2450 1S LT, MHiZ9difE 0.5 - 1.8 km/sD& gl (7I)V s, X7V L X,
R AT ) ORFMAZEZEEE 5 T LT, 5-40 GPaDEET /12 A dalkHCin A 7z BINGURHERFE R & LT, Ml
PRI T B REMEEIC RIS R Y eda 2 A &8 72 SEM-CL (Scanning Electron Microscopy-Cathodoluminescénce
EHWTHIE—Ri 1T &I CL AXZ MVHPE LTz,

At 102 ORI LT CL AT MVIIEZ T o Te /R, BERIESI1O ERIC > TARY ML — 2 D2
ZEHRED 5Nz, MFEARHIAREFEEICNIE T % 630 nm{iLic 7 u— FARE—7Z8 D8 DD, 10 - 20 GPaDE %
JE7172 I Z T2 [EGEARHS DWW TIE B B T % 450-460 nsiic 71— Ra¥— 27 BN HBIL, M8 E ) oima iy
HOFOCRE NS 22 /R Uz, £z, 20 GPall EOMBT ) Tl & (EIIC 31 2 FOCEEDHEINEN T 5
LRI B EDENDENTZ. —T5, 630 nmFIEDFCIRE IIE R NKEFELT, WINOREICBWLTEZ bIZ
EAERSNIZV.

PR 7 L— R —ICFET B A0 L A DOMEE T B I &SR OB 2 53 e (BIZIX, sS4 5k
E) LBV ONE. £z, BEBRERIEAZZ T A% KR MBI 2R3 HE B2 b 2L F—) B
HLILTWE T ED5D, a-BHHERICEKDELTZRT o —3 W5 (Dauphine twing ICBIET 2 REHFIEICETS LT
WA EEZBNS. —), TEMBIZIC KD AROBREIEGERICBNTE R 7 4 —FWHDHER SN TWS. Lizh-
T, RO TR LN HEEFCGREORME, HRICKDERLTZ BT o — 3 AEICBEET 2 KRGS E O R 3
BERBEN, TOERNGMETTS T & CHIAERENFOMENREL 55 C LIRS N 5.

P — R ISR, R, 7Y — BV Ry R
Keywords: shock metamorphism, shocked quartz, cathodoluminescence
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CBZ A TIREH IV RTA4 b Gujbalc & E N5 @
High-pressure polymorphs in Gujba CB type carbonaceous chondrite.

B ER Y RS A2 e
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One of the most unambiguous evidences for shock metamorphism is a dense polymorph, high-pressure polymorph in ar
around the shock-melt veins and/or melt-pockets of shocked meteorites. Now, the existences of high-pressure polymorphs ha
been reported from ordinary chondrite, enstatite chondrite, ureilite, eucrite, iron meteorite, lunar meteorite, Apollo sample anc
Martian meteorite (e.g., Ohtani et al., 2004; Miyahara et al., 2014). On the other hand, it is widely accepted that carbona:
ceous chondrites were less shocked than ordinary chondrites, implying that high-pressure polymorphs would not be included i
carbonaceous chondrites. However, Hollister et al. (2014) identified ringwoodite and stishovite from Khatyrka CV type carbona-
ceous chondrite. Shock metamorphism in carbonaceous chondrites may be overlooked or underestimated. CB type carbonacet
chondrite is a unique grouplet because it consists mainly of metallic Fe-Ni and chondrtic fragment (Weisberg et al., 2001). Al-
though the origin of CB type carbonaceous chondrite has been under debated, some previous studies propose that it may
formed through a planetesimal collision (Weisberg et al., 2010). In this study, we investigated a high-pressure polymorph in
CB type carbonaceous chondrite, Gujba to clarify its shock metamorphism history and origin using FEG-SEM, EPMA and laser
Raman spectroscope.

We prepared a polished Gujba sample for this study. Gujba studied here consists of metal and chondritic fragment. Shock-me
veins occur widely between the chondritic fragments and metals. The major constituent minerals of the chondritic fragments ar
low-Ca pyroxene (Rs 5, Engg_gs, WOy_g), Mg-rich olivine (Fa _1s, FOs2_g9) and Ca pyroxene (kS13, Eng;_gg, W032_57)
based on EPMA analysis. Many mineral fragments and fine-grained chondritic fragments are entrained in the shock-melt veins
We confirmed the existences of many kinds of high-pressure polymorphs from such fragments and chondritic fragments adjacel
to the shock-melt veins. Raman spectroscopy analyses indicate that olivine entrained in the shock-melt veins transform int
wadsleyite. A small amount of ringwoodite is accompanied with some wadsleyite. Low-Ca pyroxene is replaced with akimo-
toite, majorite or probably bridgmanite. Minor Fe-rich olivine {§-a,y) and albitic feldspar (A§An;30r;) are entrained in the
shock-melt veins. Lamellar ringwoodite occurs in the Fe-rich olivine. The albitic feldspar is replaced with jadeite, lingunite or
maskelynite. We also clarified the distributions of these high-pressure polymorphs in Gujba studied here. High-pressure poly
morphs occur ubiquitously in and around the shock-melt veins, indicating that the parent-body of Gujba was heavily shocked
The metals, which consist of kamacite and minor FeS, show evidence for melting. Alternatively, we can also infer that Gujba is
a part of shock-met veins induced by a collision.
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Symmetry of majorite garnet in shocked chondrites revisited: A TEM study
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Majorite is a garnet-structured mineral with a composition on the join (Mg,Fg}gu®,Fe)Al;SisO;5, which contains Si
in the octahedral sites. Al-free majorite samples synthesized by Kawai-type multianvil apparatus are known to have a tetragon:
symmetry (space groupd,/a) [1]. However, all of natural Al-free majorite samples found in shocked chondrites have been
reported to be cubid4-3d) [2]. Single-crystal X-ray study of a synthetic MgSi@ajorite clarified the tetragonal distortion of
majorite is caused by Mg-Si ordering in the octahedral sites [3]. Subsequent microstructural observations of synthetic Al-free
majorite by TEM concluded that the tetragonal phase is formed from the cubic phase through the cation ordering even upo
rapid quenching (10°C/sec) and the symmetry reduction phase derives modulated and twinning structures [4]. On the contrary,
cubic (Mg,Fe)SiQ majorite in shocked chondrites is inferred to have been preserved due to higher cooling rate than that in
high-pressure synthesis where the cation ordering is inhibited.

Due to very small tetragonal distortion from the cubic phaga € 0.99) and very week extra reflections for the tetragonal
phase, it is difficult to judge the symmetry of small amount of natural majorite samples by powder X-ray diffractometry. For
the symmetry analyses of submicron-sized grains, single-crystal electron diffraction is a suitable method, since the intensitie
of weak reflections to diagnose the tetragonal symmetry are enhanced by the effect of dynamical diffraction. In this study, we
revisit symmetries of majorite grains in shocked ordinary chondrites (Tenham; L6, Y-75100; H6) and also synthetic (Mg,Fe)SiO
majorite by TEM. The intensity 0f101} reflections, which appears only for tthd,/a tetragonal phase, is under investigation
by selected are electron diffraction.

References:
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transition in (Mg,Fe)Si@ majorite. Eur. J. Mineral, 14, 7-14.
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Basin forming event on Vesta: Petrologlc evidence from a diogenite, NWA 5480
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The HED (Howardite, Eucrite, Diogenite) meteorites are the largest group of achondrites, and are derived from the regolitt
and crustal lithologies of asteroid 4-Vesta, which is the only surviving differentiated protoplanet in the Solar System. Diogenites
are considered to have been derived from intrusions from within the curst or from a deep global layer. Some of them display hig}
levels of platinum group element (PGE) concentrations that have been attributed to impact events on the parent body.

NWA 5480 is an unusual olivine diogenite. It has a heterogeneous crystalline texture. Irregular and subrounded clasts of dunit
and fragments of olivine and chromite are set in an igneous matrix mainly composed of Low-Ca pyroxene. In some cases, larg
dunite clasts are intersected by pyroxene matrix. Flow textures are observed near some clasts. Olivine, chromite, and pyroxel
show minor chemical zoning, implying relatively rapid cooling compared to typical diogenites. NWA 5480 contains a significant
amount of PGE (CI x "0.001 for Ir) with chondritic relative proportions. All these line of evidence support that NWA 5480 is an
impact melt breccia from a target composed of olivine and pyroxene-rich lithologies.

Upon heating of olivine diogenites, low-Ca pyroxene is the earliest phase to melt, and olivine and chromite are the last af
>"1600 C. The irregular and rounded shape resulted from resorption, and pyroxene veins and flow textures formed by violenr
mixing during impact melting. The pyroxene matrix crystallized from impact melts. Cooling rates estimated from the shape of
Ca zoning of profiles near the rims in olivine fragments could be several tens of Clyear, corresponding to burial depths less than
few km in impact melt sheet. An impact crater with diametarfew hundreds km would be needed to produce impact melt sheet
>a few km in thickness. Thus, we suggest that NWA 5480 was derived from impact melts from a very large crater of Vesta. The
bulk chemical compositions indicate that the target was an area where olivine and orthopyroxene-rich rocks are largely expose
However, there are no such areas on Vesta except minor olivine spots. Thus, it is likely that NWA 5480 sampled a part of large
impact melt sheet{a few km thick) formed by melting of deep crustal materials rich in olivine and orthopyroxene. One of the
best candidates is the Rheasilvia basin ("500 km diameter), where orthopyroxene-rich materials were observed in the crater floc
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1475m-143Nd and 146Sm-142Nd chronology of a basaltic eucrite, NWA 7188
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Eucrites are achondritic meteorites originating from the Vesta’s crust. They can be petrographically classified into basaltic
and cumulate eucrites. Determination of precise ages for eucrites will constrain the period of igneous activity and the following
thermal metamorphism of Vesta and may further provide insights into its differentiation and thermal history. We investigate
the long-lived'*”Sm-43Nd (T; /5 = 1.06x 10" yr) and the short-lived**Sm-*>Nd (T; 5 = 6.8x 10 yr [1]) systematics of a
basaltic eucrite, NWA 7188 and compare the results with the ages obtained in previous chorological studies on cumulate an
basaltic eucrites. To obtain highly precise age data, we developed the techniques for determining Nd and Sm concentrations a
Nd isotope compositions in meteorite samples.

NWA 7188 was crushed and sieved into four sizes; G1)-500700um, G2) 250— 500 um, G3) 106— 250 zm, and G4)
<106 um. G3 and G4 were separated into pyroxene and plagioclase grains by handpicking. We determite&@hiAé’Nd
and 46Sm-42Nd ages of NWA 7188 using G1, G3-px, G4-px, G3-pl, and G4-pl. These were dissolved using a mixture of
concentrated pure acids (HCJOHF, and HNQ). After the sample digestion, 10% of the solution was removed and mixed
with 149Sm- and'“°Nd-enriched spikes to determine the Sm and Nd concentrations by ID-ICP-MS (X-8eriEsermo). The
remainder of the sample solution was used for highly precise Nd isotope analysis by TIMS (TRITON plus) with the dynamic
multicollection mode. Nd was separated by a three-step column chemistry procedure; 1) major elements were removed b
passing through a cation exchange resin, 2) Ce was removed using the LN resin (Eichrom) by oxidizing&€€e!* using
KBrO; [2] and 3) Nd was separated from Sm using the LN resin. We achieved Ce/N@<10-° and Sm/Nd = 4x107°
with >91% Nd recovery.

The *7Sm-43Nd mineral isochron of NWA 7188 yields an age of 4280 Ma. In contrast, we obtained a much older
146S5m-142Nd mineral isochron age of 45498,, Ma when an initial solar system ratio 6f°Sm/44Sm = 0.0094 at 4568 Ma
was applied [1]. It is presumed that thermal metamorphism on the Vesta has some effectd‘681in&'>Nd age while the
1465m142Nd age represents the timing of the last Sm-Nd isotopic closure. Therefore, we UséShe'42Nd age of NWA
7188 in the following discussion.

The46Sm-142Nd age (4549-%8 ;0 Ma) for NWA 7188 is consistent with th&” Sm-43Nd age for cumulate eucrites (4548
Ma [3]) within analytical uncertainties. This suggests that the parent body processes associated with the last Sm-Nd isotopi
closure were contemporaneous for basaltic and cumulate eucrites. Likewis€3he!*2Nd age of NWA 7188 is not resolvable
from the metamorphic age of Agoult [4]. According to thiMn->3Cr systematics [5], the last global Mn/Cr fractionation in
the mantle of the Vesta occurred at 4564089 Ma, the timing when basaltic magmas have formed in the mantle. This implies
that basaltic eucrites quenched rapidly on the surface of eucrite parent body, but thermal metamorphism may have affected bo
Sm-Nd and U-Pb systematics. No apparent age difference between basaltic and cumulate eucrites implies that both types
eucrites might have experienced similar cooling history as opposed to their petrographic distinction, or more likely that the time
difference is too subtle to be resolved by tHeSm-42Nd system.

References: [1] Kinoshita, N. et al. (2018¢ience, 3351614-1617. [2] Tazoe, H. etal. (200JAAS, 22,616-622. [3] Boyet,

M. et al. (2010)EPSL, 291,172-181. [4] lizuka, T. et al. (2014PSL, 409,182-192. [5] Lugmair, G.W. and Shukolyulov, A.
(1998)GCA, 62,16, 2863-2886.
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Olivine petrofabric and chemical study of Divhoe ungrouped primitive achondrite
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Brachiniteld EIC v I VA SLMRENZZAY RIS A "D 1 TNV —T"TH5H, £ZHFEDIEHERICONTOH
il A TR, brachiniteld J8 9 2 A IXBIFE 30HIZE RO > TWBH, ZNLIMT “brachinite-liké & FEE
% ungroupedDBEA DN K DIMELE L TV 5 (Day et al. 2012; Keil 2014) T NS Id A AR 2 AN AL, M
ECHEAMAR 1T brachinitek OBEMEN R SN B, 5E2ITiE—BE 91T ungroupedt 72> TWVWAHEDTHS. Th
5 DA ZFFHICIFZE L, brachinite& b LT < T & T brachiniteDIE BGHRFE 7 5 & 72 BB LB EABR NS 5 N
5T MRS NS, Divnoeld 19814FEIC 0y 7 THAINZFEA T, brachinitek OREMENERIE N T 5D, BifE
ungroupedZ 77 E N TV % (Graham 1983; Petaev et al. 1994pivnoe (& KM 1 > T VA TR ENT WBH, #
Rkl z2@l5id 5 & T UV ADERTWREED 2R OO R O NS. E%, diogenitehdD > T 2 Ak FD

M ANMECER LRI K > T, ZOBADPRRKICE O TEIRIRREIC & > T RHCEN AR 2200 = 2 EDMERE
NTW% (Tkalcec etal. 2013) 2D XS5 Ic, BEAHFOIMIRSE N2 2 L&, ZOREARE KRS 2 S
B, JEBOBRICHRWTNZE S 2 % 2 EHIRFE NG, Z T TAWIZETIX, DivnoelBH DA > T VAL DS AIE MBS
(crystallographic preferred orientation: CPR)&E H L7z, ¥ CPOXIEMIMHENL 7V — T K > TEF T 2 ke THE
T E5EHBDO D THS (KN 2013) #x0i 7 U —7 IZHIERD FEHER> B~ > MUVICB 50 VT U AaDRE —
RV E AN Z AL TH B0, BOHO CPOZMIERSGHDE D LT % T &1, BEE#%{ZIK“C@H/EEJBE%’:%
AT ETIFRICERETH S (Karato et al. 1986) AffFETld, B L7 BGELEITE (EBSD) Z WV Tl skl 7y
WziTV, 12T AaOERITALONY 2 iRz, Th EFRIFIC ICP-MSZ W e g OMEcRllEZITo 7. LLE
DOFrE L AL AR, £ U TH VT Aok NDERES Z A5 E % T & T Divnoe DFERGEFEIC DN T DFH
/ﬁ%'ij 7z.

Divnoe DV atEHEE UAGF Y Th 6 2R Uiz #11 & #16) 9 AEMBIC X > TEIRZIT-721%, i
RRTEE R W T DIz EPMA (electron probe micro analyzer, JEOL JXA-88@0J\ /z. Z D&, #1100 j# 7% EBSD
DfFu 7z FEG-SEM (JEOL JSM-5900LVE FIWTHILZ, 51T »AORSRANEZ1T> /2. Divnoe DAL
HHREEH GO ICP-MS % W THIE Lz, 798513 Shirai & Ebihara (2004)c#9°%.  #8152% 175 7= Divnoe D& f
WBEICHY T VAN ERENTWAM, HAatbaRoniz. hY I AadBBER1L X 0.5mmTlEAlZchLDE
KEL, LX2mmTHolz AV T UAREIRE 2R Tz, EPMAIC K295, H2T U AOFEIE Forarso
ThHO, ZFHETH oz, EBSDTH YT U ADFERANZHRNS &, FRC [001] (ciil) BEWEMMEZE DT &HY I
binesotz. TNEAY I UADMERME—HLUTED, IR TEERSNTVE KIS TR THERL
BRICELMIMEDER E NIz &E Z 5% (Ando et al. 2003) & SICFEIMNC M, AT Z TV, HERDE AN S D> TV
é@“’\ DGR E LHRZ LTV TE THB. et ih S Divnoe l 38 HEICEMN Cl a2 FZ A1 D 100

O LIBREEMUIAME LTS b o7, BRI Cl Oy FIA FOFSEE L DI ULMKEN RS Nk
Motz SEPIRL TN D CEE — SRS RE M7 £ 5 Divnoe ZERE L EZ b5 D, HEREE L TRBYotRCE
AT ETCVD. TOXIICHBTTHRICEATZERERESICIE, HELAEA 7 MBI HNT s eNEZDS
NB7EBIC, BEIEMOBIERNE 555525 Ak iR 217> TO L RENH 5.
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Crystallization and cooling conditions for the diogenite formatlon in the turbulent magma

ocean of the asteroid 4 Vesta
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The asteroid 4 Vesta has been completely differentiated to core and mantle despite its small size, of which surface materials a
howardite-eucrite-diogenite (HED) meteorites that we know the detailed petrology, and therefor, is a good target for understanc
ing differentiation of terrestrial planets. A new differentiation model for crust formation was developed by taking magma ocean
fluid dynamics, chemical equilibrium, presence?®hl, and cooling into consideration with special care to crystal separation.
The role of crystal size, thickness of the conductive lib, angddf® evaluated as parameters. Large crystals (1cm) settle and form
a km-thick cumulate layer of orthopyroxene with Mg# of 0.70-0.90 in 20 thousand years, which almost agrees with the Mg# of
diogenites, whereas thinner layers are formed if the grain size is smaller.
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A mineralogical and chemical study of primitive achondrite NWA 6704
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Introduction: Primitive achondrites provide unique insights into the early stage of growth and differentiation of planetesimals.
Northwest Africa (NWA) 6704 is an ungrouped primitive achondrite found in Algeria in 2010. This meteorite is composed
mainly of low-Ca pyroxene, olivine, feldspar, chromite, awaruite, heazlewoodite, pentlandite, and whitlockite. The U-Pb dating
of this meteorite shows the crystallization age of 4563t78.41 Ma (1). To better understand the formation process of this
primitive meteorite, we carried out a mineralogical and chemical study of NWA 6704 using SEM-EDS, EPMA and LA-ICP-MS.

Results & Discussion: Seven polished thin sections (TS-1"% 1B0nm; 10<20mm; 9<10mm; 10<12mm; 10<11mm;
15x28mm; 19%<28mm) have been investigated. The texture is best characterized by the existence of many orthopyroxene (Opx
megacrysts up to 1.56 cm in length (FS;2Enss_57Wo3_4). Olivine (Fao_53) typically occur as interstices associated with
feldspar and have subhedral shapes, but locally occur as the vermicular olivine within the Opx. The vermicular olivine share
the same optical extinction position under crossed-nicols and occurs only in one place near the center of each Opx crystal
present. Feldspar (Ab_¢3Ans_Ory_30) occurs in the Opx and the interstices as anhedral cuspate grains with extremely low
dihedral angles and sharing the same optical extinxtion position over up to 1cm, which implies that it's pseudomorph of a melt-
filled interstitial pore. Other phases include chromite (Cr# = 0.90-0.96) and awaruite (78-81 wt% Ni) also occur associated with
feldspar. We estimated ff FMQ -2.6 using the Olv-Opx-Spl oxygen geobarometer (4).

The texture is properly represented by aggregate of large Opx hollow (skeletal) megacrysts with finer interstices. Other phase
such as olivine are present in the hollow cores, and some of them are isolated from the interstices. The contiguity of feldspar i
the Opx megacrysts with or without olivine in three dimensions is clearly demonstrated by the fact that the same optical extinctior
position are shared by feldspar isolated in the megacrysts and those present in the interstices. The distribution of the Opx hollo
crystal and the vermicular olivine are highly heterogeneous. In TS-1 and TS-65.@@xnm across are dominant and more than
five of them include vermicular olivine; in TS-275 and TS-7, Opx megacrysts up to 1.56cm across are common and only a few of
them contain vermicular olivine. The vermicular olivine may be a decomposition product of the precursor pyroxene through the
abrupt heating$1400°C). There is a negative correlation between size of Opx and the number of vermicular-olivine bearing
Opx. Given this fact, a new scenario can be derived: this vermicular olivine and its host acted as nuclei for crystallization of
hollow Opx crystals, and the number of nuclei limits the size of Opx. Thus, more nuclei in a given area result in smaller grain size
as seenin TS-1,6. The abnormally large size of Opx and its hollow morphology indicates that the initial crystallization occurred
under rapid cooling. The SEM images, however, show that some pigeonite contain sub-micrometer-size atigitg \(¥aso)
exsolution lamellae. We estimated equilibrium temperatures of 05@&ing two-pyroxene geothermometry (3) and of 773
°C using Olv-Spl FeMg; exchange thermometry (4). The cooling rate between 1100@%@s estimated to be ~0.02/hr
from the thickness and wavelength of multiple exsolution lamellae (5), indicating significant decrease in cooling rate at a later
crystallization stage. The inferred thermal history suggests high internal temperature of the parent planetesim®lAdue to
decay, which was abruptly heated by impact followed by rapid cooling up to the ambient temperature to sustain slower cooling.

References: (1) lizuka et al. (2013), (2) Warren et al. (2012), (3) Lindsley & Andersen (1983), (4) Ballhaus et al. (1991), (5)
Jackson (1961)
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