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AL Nucleosynthetic Sr isotope variability in calcium and aluminum-rich inclusions from CV
chondrites] &5 & A FAT, LLTFD 6 ETHR SN TND,

% 1 ® [General introduction] TI%. FIHIKEROWEAFHIME DRI & > CHELRYE T 5 HHFRTE
Yem A (CAI) OEAFRIR, BT BROBARERFAMRRTEICOWTE Lo, CAL IEKB RN A
ADB R LTo R T OWE & SN TEY , KERECOYMFMEZRD D E T TEETH D, £z, BAY
BIZR LN D ERERFNM AR X, KERICBIT2WEBEHMIE T n e A2 BT 5 L CHEER bL—1
—Tdbd, LinL, CALIZZ ORI A XO/NE Zn | A BERIRFRN AR R I L Tk T — 2 3%
LTV, & ZTARMZETIE CAT O P THE bAFRI L S fluffy type A inclusion (FTA) IZ¥EH L,
BEAY ARG St ALK 3 5B KB R BRI OWERHML 0 7 v v A ORI %2 BH5 L7z,

% 2 % [Petrological observation of fluffy type A inclusion from the Allende meteorite] Tld, Allende
FEA & RFRIT, AAFJECTHH L FTA O A FRIBE T o/, FORE, AETEREI L7z FTA 1ZKEL 320
R DM EDE - (LA DL WD Z &R ghote, ZOERIIR R DEE TR S E % D CAL
DERLIZARERE B Z B, B0 CAL PITEE O R 722 5 AN ERB R S Q0 2 alfetE 2 R LTz,

%5 3 % [Al-Mg chronology for fluffy type A inclusion of the Allende meteorite] TIX., #2HETHIEL
TZFTAICEEND 32D AU FA MIX L, HHBBEICHNON D Al-Mg FRUEELZEN L. FREETT-
7o 22D AV T A MIFATHIFRD CAT FERAER E —B L7z, D 12D AU T4 M, 2K rERCE
DAERIERAZ RS> TWD Z EBSD o7, THUTE —D CAI HIZRAR DL 7 a¥ A 2RI BEET D 2 & 2R
BLTEY, F2EOMMEEANTH D,

% 4% [Origin and evolution of nucleosynthetic Sr isotope variability in calcium and aluminum-rich
refractory inclusions from the Allende meteorite] Tif, £ 2 FETHIZE L7 FTAIZ/N %, [F U Allende FEA
IZ&END type B, fine-grained spinel rich inclusion (FS) OEA MR Sr R ARE ZRE L, N
F T CAT DRNHLEITIE & S TEMR, KBFFEN G CAT DX A THIZER D Sr AR E R 2 & 45
ICHATRRY & S5 FTAIZZ O Sr RINEARHIRRIC AN Y =—2 a V35 2 & CAl OFF TH iR TEiEd 5 b R o
FEEND Y T MLE N St RINIRER T 273 2 L3 hro Tz, ZORMBHEEONY =—2 3 T RBRN
O BHAZR [FNAREE AL TIERL T & F, CAT TURRFEII R RIRY - ZEMBICRENA RS E TH D Z EBH b ki
77




% 5 % [Nucleosynthetic Sr isotope variability in calcium and aluminum-rich refractory inclusions in
NWA 2364 and NWA 3118) Ti, %4 F & RO FKEERZ NWA 2364, NWA 3118 2B F R &7z type B, FSIZHf LAT
ST, ZEDOFER AT E A E D Sr RN IE Allende D & D & [FEEOFE R A 7R L72 A3 NWA 2364 @ type B it Allende
D FTAICIE W RN R 278 Uiz, ZAUL FTA & type B SERICR R D BRE TR SN TlERL | H4E
TR SN —BEORNAEARLEOP TR INIZ b D THD Z L E2EBRT D,

% 6 = [Synthesis] TIXTINETOREND, CAL ZIERLT 2 H AN ED X 5 ICRNARREEM 2GS L2,
WL OMDET N E N THELR LT, 12 BI% CAT TR FEIR O RN ALK DS K 5% AR DB ALIT R % 12 DOFE
FE L SETOL LTS L TH D, ZOFFATIE, LY SR CERT S e RTA b E RN
B AR o THEE L, IRIRICRDICENTREDESGN TR TN ZERBRAOLND, ZOHE, CALICEEN
DIHNENTNIRIRDERELEEL CND ZERTREND, — ., BT a v AL DM AYEET LT 2
DORIRDET N, TiRbDbHLOBH BRI OBRIMEET V., ROQESWEET NV EEE LT, b
DETIVDOZLYECONT, XV IRWEIE 52 5 720121E, FFRANCHEY R HANL C O ks B RN ST L,
FroBE R ERREEORERLERFR THLZ LR LT,

5% - FCEEIE, 3L 2000 2L 5630 300 §E 4 1R ORI 5, b L<IESE3C 800 iE4 1R LTS 2 E W,
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Nucleosynthetic isotope anomalies in meteorites are useful for investigating the origin of materials in the
protoplanetary disk and the dynamical processes of planetary formation in the early Solar System. In
particular, calcium and aluminum rich inclusions (CAIs) found in chondrites are key for decoding the initial
condition of the Solar System before the accretion of small planetary bodies. In this thesis, we performed high
precision isotope measurements for various types of CAls from CV chondrites with the in situ measurements
of 84Sr/86Sr ratios using thermal ionization mass spectrometry coupled with the technique of micro-milling
sampling. In addition, we performed in situ analyses of Al/Mg ratios and Mg isotope compositions for three
melilite crystals in type A inclusions from Allende using Nano Secondary Ionization Mass Spectrometry to
determine the Al-Mg age to reveal the relationship between stable Sr isotope composition and formation age
of CAI

We determined Mg isotope compositions and Al/Mg ratios for three melilite crystals from the type A
inclusions from Allende. Two melilite showed nearly homogeneous initial 26A1/27Al ratios that were consistent
with that of the canonical CAI, although one melilite showed no radiogenic 26Mg excess.

For Sr isotope analysis, we examined three types of CAls (type A, type B, and fine-grained spinel rich (FS)
inclusions) from three CV chondrites (Allende, NWA 2364, and NWA 3118). We found that the extent of
nucleosynthetic Sr isotope anomaly for CAls from Allende were variable across the three types of CAls. In
addition, we found that Sr isotope composition was heterogeneous within a single type A inclusion of Allende.
The observed isotopic characteristics for the Allende CAls would result from the destruction of thermally
weak presolar grains via nebular thermal processing in 3 protoplanetary disk. In the case of type B and FS
inclusions from NWA 2364 and NWA 3118, the extent of nucleosynthetic Sr isotope anomaly was variable
across different types of CAls. Interestingly, we observed elevated p 84Sr values for type B inclusion in NWA
2364, which was nearly consistent with those of type A inclusions in Allende. This would suggest that the
p84Sr values for type B CAls were controlled by heterogeneous distribution of r-excess carriers in the CAI
formation region.

Finally, we proposed two distinct models to explain the Sr isotope heterogeneity between the types of CAls
and within FTA inclusion; (i) temporal variation of p 8Sr in a single CAI reservoir and (i) multiple CAI
reservoirs with distinct p 84Sr value. In the temporal variation model, the nucleosynthetic isotope anomaly
would be different between the minerals and would correlate with the formation age for each mineral. In the
multiple reservoir model, not only hibonite but also some of the other minerals should retain the large Sr

isotope anomaly. To clarify the physicochemical processes that occurred in the CAI formation region, more




detailed data regarding nucleosynthetic Sr isotope anomaly and chronological information for each individual

mineral are indispensable.
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