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Introduction:  Recent precise chronological studies of mete-

oritic materials report that chondrules formed 1-3 million years 
after calcium-aluminum rich inclusions (CAIs) formation [1] 
and/or simultaneously with CAIs formation [2]. Many chondrules 
are believed to have been heated multiple times during their for-
mation [3]. The number of times a chondrule was heated, and the 
timeframe over which this happened provide important clues to 
the heating processes occurring in the protoplanetary disk. Mag-
nesium isotopes are an important key to tracking this, because 
they are one of the major elements of major constituents (olivine 
and pyroxene) of chondrules, and contain a radiogenic compo-
nent from the decay of the short-lived isotope 26Al. If a chondrule 
was melted many times, aluminum-poor minerals (olivine and 
pyroxene) in the chondrule should contain higher 26Mg/24Mg ra-
tio relative to those of chondrules heated fewer times, because 
heating will homogenize 26Mg-excesses generated from high 
aluminum phases (plagioclase and mesostasis glass).  

Multiple chondrule heating may provide a clue for the het-
erogeneity of oxygen isotopes of chondritic materials. Oxygen 
isotopes of chondrules in ordinary chondrites exhibit a smaller 
variation than those in carbonaceous chondrites [e.g. 4]. The 
oxygen isotope compositions of chondrules can be changed 
through isotope exchange between chondrule and surrounding 
nebular gas during chondrule melting [e.g. 5]. If Mg isotopes of 
aluminum-poor minerals of chondrules are different among 
chemical chondrite groups, there is a possibility that chondrule 
reheating processes were different in their separate regions in the 
protoplanetary disk, and this can be tied into the degree of ho-
mogenization of the oxygen isotopes.  

Aim and method:  To investigate the evolution of magne-
sium isotopes of chondrules during chondrule multiple heating, 
high precision magnesium isotope measurements of olivine and 
pyroxene of individual chondrules in primitive carbonaceous 
(CO3.0 Yamato-81020, CR2 NWA852, CR2 NWA1567) and 
ordinary chondrites (LL3.1 Bishunpur) have been performed. 
First, in order to determine final solidification time of chon-
drules, Mg isochrons of individual chondrules have been ob-
tained using Secondary Ion Mass Spectrometry (SIMS) after 
petrological investigation. Following that, careful sample collec-
tions from olivine and pyroxene have been carried out using a 
micro-drill system. Finally, high precision Mg isotopes of olivine 
and pyroxene of individual chondrules have been obtained with 
Multi-Collector Inductively-Coupled Plasma Mass Spectrometry 
(MC-ICPMS). A total of 12 chondrules (3 from Y81020, 4 of 
NWA1567, 5 of NWA852) have been found to be suitable for 
SIMS studies because of their primitiveness, showing Al/Mg ra-
tios of 20 to 80. The SIMS results will be presented at the meet-
ing.  
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