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AKX Development of Precise Molybdenum Isotope Analysis by Negative Thermal Ionization Mass
Spectrometry and Its Application to the Study of Nucleosynthetic Isotope Anomalies in Meteorites] &
L. LTO 4 ETHEIS ATV D,

% 1% [General Introduction] TiX., VY 75 v (Mo) REfIADOTFHEHMERLFZASTAIZOWNTHEMN L, Kid
XD BPHZ DWW TIRRTWD, Mo (TR KIS U TE BERTFRORNMNAE S ZE Z 3 5ETH Y, HERE
BREOEEZMATI2EE L ML ——L LTASHWVWDLNTE 7, ITFEOERSITHEMOm EICL Y, BAE
W2 TR IEE ERITFELO Mo RN RINFE R EIND L H 12 -TE iz, ZIUFERICK T DR ARk
BT 2EMAERE THY ., TOMEZ AV CREEBBRCRMER T OMK L2257V Y —F —Ri1 Ol
DRSS NTE T, —FH., ZD X5 7RFEAD Mo RINARE R OFFIEX, WIIRERICBIT 2 ExRFANMAEORLE
DA ERBEL TWD, BBAORAAEREE T Mo UAMIH Ti R Cr & W o 7 BRITHEFR SNV TW DD, Z DRI IFRE
WERARMT AN = XA LFEKE L THEIZR > TRV, & 2 TABFE T, BBA O Mo FINMLARR T 25k XY
EREEE - EHEETHIET S 2 & T, MIHKBROWEEEREAEPA ST ZE2AME LT,

% 2 ¥ [Chemical Separation Procedure of Mo and W] TiX., ARAFZEDHMITLHETH D Mo 7217 T, W
HFSE Ju##f (Ti - Zr - HE) %, [&A A4 L 2HBHE (Eichrom AGIX8) T XV RIFEFZAL 0 EET 2 FIEZ IS Lz,
Sy FIEIC LV BHE O S EREZRE L, AL P OB LB REEIR - B O R % K/NNRICIZ 2 FIEEZRE LT,
ZOLFESEERRRICE Y BAOREBEICL LT, Mo ZhhH & T 5K LEE 90%LL ETRINT 5 Z LIk Lz,

% 3 # [Molybdenum Isotopic Analysis with Negative Thermal Ionization Mass Spectrometry (N-TIMS) |
T, FBAORPMAERT ORI T, N-TIMS {EIZ X 2 ERE Mo [AINIR S HTIEOBZ 21T > 72, Mo 1XR{b
MokEA Ay Mo0,) & LTHRIEIND T2, Mo IZHEA LTV HEEHE RN AR EZ JEMFEICESWTIRET D Z
LT, FAERTFWHEMHELE, o, 44 ALRERNICHIE T v 7 28R L, JIETLED 5 FOREZEBMAT S
LT BB MBI DA A E— L EBROND I EER LT, R LIETEICLY ., EROBEMEAT T
R~ EEHTEF L0 W RZEKY 10ppm) TO Mo RN LT Z FIREIC L 72,

% 4 % [Molybdenum Isotope Anomalies in Non—-Carbonaceous Meteorites] Ti. FERFEIEA (Lw=a o N
FA M VBT RTA b, BBEA) OEREE Mo RILIRGHT 24T - 72, ZORER., BIE SN/2IERFEE =2~
K74 MIAT Mo FMERFEEZ S, ZOMEITEITHRENTFTREE L FT A4 FO Mo R & PRI R
BmHZEEF LI, T, KBEREZEICHEWT Mo R DR D U FN—=3 Dl b 2 FEFET D
TLEEEWT D, $EAD Mo FMREE GIFRBE L FT A M EFECEMAERT R, FISMIIZ IVB SRR3R
FHa I PERUEMAERL, LOBERRERE TR LEZ RN ERoTe, 2D X 57 2 D
U PN—DIF(EIE, Ni « Mo MR E OMAGOENL bFEINSE, VA= X DRI OE L, 72
R OBARIBBOEREFSOEEO T VY —F —hi+7, BREERICBNTENENE R 2 )i bt 2500
722 EEBRBL TS, HIZ Mo » Ru RINLIE R OMAEDLEE VT, ERFEBAORMERE PN E—DT 1L
V=T =R IZEVBERISNZEDOTIERNWI LW LM L, ERFBEBEA 7 V—T 2B T H8EAIC
5305 Mo RINZAREE A3 Ga/Ni th & IEOFIBI 2R Z &0 D, 2D OFEA ORERIKS R L 72 58Ik T, &
FEI LRI FORMERFEZSIERILIZb DL IEIRRZMAADLEOT LY —F =R BFEEL TN D
ERALMNE R ST,

i« FSCERIT, FI3C 2000 F & 3830 300 35 % 1 HRTOHT 52, & L <ITFEIL 800 #5% 1R L T 7280,
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Molybdenum is one of the promising element to investigate chemical or physical
processes in the field, including cosmochemistry. It has seven stable isotopes with small
mass-independent fractionations observed for various kinds of meteorites with the marginal
deviations (<1%o). These fractionations are nucleosynthetic in origin, which are named as
“isotope anomalies”. Molybdenum isotope anomalies for various meteorites provide strong
constrains on studies concerning environmental sciences, stellar nucleosynthesis, and the
origin and evolution of the Solar System, while it remains unsolved problems due to the lack
of the precision for Mo isotope analysis. In this study, we develop sequential analytical
methods, chemical separation and highly precise isotope analysis by utilizing N-TIMS for the
study of Mo isotope anomalies in meteorites.

First, we develop chemical separation procedures of Mo, as well as W, on the basis of
the obtained distribution coefficients. The performance of this new technique was evaluated
by separating these elements from several terrestrial and extraterrestrial samples. Second,
highly precise Mo isotope analyses are estabilished by utilizing N-TIMS. To achieve highly
precise Mo isotope analysis, it is important to determine the in-situ O isotope composition for
each measurement and use the data to correct for the O isotope interferences The
reproducibilities have been improved at the level of 10ppm for *>Mo/**Mo.

Molybdenum isotopic compositions in seven non-carbonaceous chondrites, and five iron
meteorites are obtained. Our Mo isotopic data reveal that carbonaceous chondrites and
non-carbonaceous chondrites exhibit different Mo isotopic compositions, which reflect the
existence of at least two isotopically distinct reservoirs in the solar nebula. Molybdenum
isotope anomalies in non-carbonaceous chondrites are not simply correlated with the Ru
isotope anomalies, which suggest that the Mo and Ru anomalies were not caused by a single
process, but probably coincided with the fractionation of Mo and Ru. The positive
correlations between Mo isotope anomalies and Ga/Ni ratios would reflect the behavior of the

carriers enriched in r-process and p-process isotopes in the early Solar System.
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