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Introduction: The oxygen isotope distribution of 

coarse-grained Ca-Al-rich inclusion (CAI), in general, 
the 16O-rich phases are spinel and fassaite and the 16O-
poor phases are melilite and anorthite [e.g., 1]. The 
crystallization sequence determined by experiment 
from CAI liquid [2] is the order of spinel, melilite, 
fassaite and anorthite. To explain the heterogeneous 
oxygen isotopic distribution among the minerals, iso-
topic exchange between 16O-rich CAI liquid and 16O-
poor gas occurred in a single crystallization sequence 
during cooling stage is not applicable to account for 
the crystallization of 16O-poor melilite precedes that of 
16O-rich fassaite, that is, fassaite must be also depleted 
in 16O. 

Recently, the following crystallization sequence 
has been proposed by the results of O isotopic petrog-
raphy in type A 7R19-1 (a) CAI from Allende CV3 
chondrite with the evidence of coexistence among 16O-
rich and 16O-poor melilite crystals [3]. Initially, this 
CAI crystallized from 16O-rich CAI liquid, which the 
crystallization sequence of the CAI minerals is the 
order of spinel, melilite and fassaite. Secondly, this 
CAI experienced partial melting in 16O-poor gas. Fol-
lowing O isotopic exchange reaction between 16O-rich 
liquid and 16O-poor gas, melilite and fassaite recrystal-
lized from the 16O-poor liquid. The evidence for coex-
istence of 16O-rich and 16O-poor gaseous reservoirs in 
the CAI-forming region in the early solar system have 
been also confirmed by the O isotopic petrographic 
study of other coarse-grained CAIs and fine-grained 
CAIs [e.g., 4]. However, such O isotopic petrography 
has not been evaluated by chronology. The chronogical 
sequence for the O isotopic exchange events in the 
CAI-formation is unclear. In this study, we report a 
high precision Al-Mg isotopic study of coarse-grained 
CAIs from Y81020 CO chondrite and Allende CV 
chondrites, in order to evaluate the chronological se-
quence of 16O-rich and -poor isotope exchange event 
using 26Al-26Mg internal isochron.  

Analytical procedure: The sample used in this 
study is a fragment of type A Y20a CAI from Y81020 
CO chondrite, a fragment of typeA 7R-19-1 (a) CAI 
[3] and a type B HN3-1 CAI [e.g., 5] from Allende CV 
chondrite. The study of O isotopic petrography of 7R-
19-1 (a) and HN3-1 from Allende have been reported 
previously [3, 5].  

Oxygen isotope measurement. The Hokudai isotope 
microscope system (Cameca ims 1270 SIMS system 
and SCAPS ion imager at Tokyo institute of technol-

ogy (Titech) ; originally installed in TiTech and now in 
Hokkaido Univ. (Hokudai).) was used to obtain precise 
two-dimensional micro-distribution of isotope ratios on 
the solid surface called isotopography and in-situ O 
isotope analyses, which the detail analytical conditions 
described elsewhere [3, 6].   

Al-Mg isotope measurement. The high precision 
Mg isotope analytical method of CAI minerals with the 
estimation of matrix effect by instrumental mass frac-
tionation, performed by the Cameca ims-1270 SIMS 
instrument using four faraday cups of the multi-
collection system is applied to determine the excess 
26Mg of low Al-Mg phases in CAI minerals (spinel, 
fassaite and melilite). A 13 keV O- primary ion beam 
for Al-Mg isotope analyses focused to a ~10-20 µm 
with 5-38nA. Analyses were done at the high mass 
resolving power of ~2000, sufficient to resolve all mo-
lecular ion interferences (e.g., 24MgH, 48Ca2+). Secon-
dary ions were collected by four faraday cups of the 
multi-collection system for 24Mg for L’2, 25Mg for C, 
26Mg for H1 and 27Al for H’2. Total of 60 cycles are 
measured. After each sample measurement, we analyze 
the baseline of FC detectors to compensate the baseline 
drifts. The baseline drifts of the FC detectors are less 
than 0.1‰ relative to the secondary intensities within 
analytical session. Russian spinel (SPU), takashima 
augite (AUG), synthetic melilite-glass (åk~40) (Mel) 
and synthetic fassaite-glass (Fas) standards were used 
to correct instrumental mass fractionation for Mg iso-
topes and 27Al/24Mg ratios caused by different miner-
als. The internal and external error of δ25Mg and δ26Mg 
(2σ) for each standards is ~0.2‰ or less for SPU, Mel, 
AUG and Fas. The excess 26Mg calculated using the 
exponential law with a slope of 0.5140 derived from 
evaporated CAI-like materials [7] after collecting in-
strumental mass frationation by matrx effect for CAI 
minerals. The internal and external error of excess 
26Mg is less than 0.1‰ for the standard minerals.  

Results and discussion: Y20a CAI. Y20a CAI 
consists of a single crystalline melilite enclosed with 
fassaite, small patch of fassaite and tiny microstructure 
of spinels surrounded by a rim of Wark-Lovering rim. 
Fassaite are surrounded by åk-rich (30~50) melililte 
with fringe texture resulting from the partial melting. 
Fassaite has been enclosed by åk-rich melilite. Oxygen 
isotopic compositions of fassaite and Wark-Lovering 
rim are enriched in 16O (δ17, 18O=~-40‰), in addition, 
those of melilite are distributed from 16O-rich to 16O-
poor (δ17, 18O=~0 to -40‰) (Fig. 1). Remarkable, the 
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åk-rich melilites surrounding fassaite are likely to be 
16O-poor (δ17, 18O=~0 ‰). We analyzed each phase in a 
Y20a CAI for magnesium isotopic compositions with 
different O isotopic compositions and petrologic tex-
ture. The constituent minerals are devided into 16O-rich 
fassaite, 16O-rich melilite interior, 16O-rich melilite 
outer, 16O-poor melilite and 16O-rich Wark and Lover-
ing (WL) rim. We calculate an initial 26Al/27Al ratio of 
each phase with different O isotopic compositions 
(Fig. 1). 16O-rich Fassaite shows the highest δ26Mg 
excess ((6.06±0.01) x 10-5 (2σ)), and followed as, inner 
16O-rich melilite ((5.25±0.19) x 10-5 (2σ)), 16O-rich 
melilite outer ((4.60±0.01) x 10-5 (2σ)) and 16O-poor 
melilite ((4.59±0.10) x 10-5 (2σ)), and WL-rim 
((3.93±0.09) x 10-5 (2σ)), respectively (forced through 
the origin).  

7R-19-1 (a). The constituent CAI-minerals in 7R-
19-1 (a) type A CAI considering O isotopic composi-
tions are divided into 16O-rich spinel, 16O-rich melilite, 
16O-rich fassaite, 16O-poor melilite and 16O-poor fas-
saite. The 16O-rich minerals seem to be plotted to the 
straight line in the Al-Mg isotope diagram. The 16O-
poor minerals also seem to be plotted to the other 
straight line. We calculate an initial 26Al/27Al ratio fol-
lowed as, 16O-rich spinel, fassaite and melilite; 
(5.74±0.32) x 10-5 (2σ) and that of 16O-poor melilite 
and fassaite; (4.61±0.38) x 10-5 (2σ) (forced through 
the origin). Al-Mg isotopic distribution in each phase 
of 7R-19-1 CAI indicates that the chronological se-
quence of crystallization is consistent with that of O 
isotopic petrography [3]. 

HN3-1. The constituent CAI-minerals in HN3-1 
type B CAI considering O isotopic compositions are 
divided into 16O-rich spinel, 16O-poor melilite, 16O-rich 
fassaite. We calculate an initial 26Al/27Al ratio followed 
as, 16O-rich spinel, fassaite; (5.83±0.28) x 10-5 (2σ) and 
that of 16O-poor melilite and fassaite; (5.49±0.03) x 10-

5 (2σ) (forced through the origin). 
The timing of O isotopic exchange event in the 

CAI-forming region. The Al-Mg model age in this 
study indicates that all of three CAIs having O isotopic 
heterogeneity has been experienced the short multiple 
heating events with fluctuation of O isotopic composi-
tions in the early solar system. Remarkable fact from 
the result of Y20a shows that the dynamical O isotopic 
fluctuation from 16O-rich to 16O-poor, and then 16O-
rich WR-rim formation event occuurrd within just 
~0.45Myr in the early solar system. In addition, the 
relative age of interior 16O-poor melilite and 16O-rich 
outer melilite in Y20a shows that the O isotopic ex-
change events occurred within analytical uncertainty 
(>0.01Myr). This shows that O isotopic flucutation in 
the early solar system sharply occurred from 16O-rich 
to 16O-poor and 16O-poor to 16O-rich. 

The duration of CAI fomation and the beginning of 
16O-poor gaseous reservoir. If we assume the homo-
geneity 26Al distribution in the early solar system, the 
comparison of each CAI with Al-Mg model age sug-
gests that the CAI-formation starts before ~0.2 Myr 
relative to the canonical value (To=5 x 10-5) and the 
duration of CAI formation less than 0.5 Myr. This is 
consistent with those of the bulk measurements [e.g., 
9]. In addition, all of three CAIs indicate that the 16O-
rich gaseous reservoir exists firstly and at least 16O-
poor gaseous reservoir exists in the CAI-forming re-
gion less than ~0.1 Myr after 16O-rich CAI formation 
occurred from the Al-Mg model age of HN3-1. 
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Fig. 1. O isotopograph and Al-Mg evolution diagram in Y20a. 
Color bar denote the scale of δ18OSMOW. Blue means 16O-rich. 
Red means 16O-poor. Fas: fassaite. Mel int.: Melilite interior. 
WL: Wark-Lovering rim. 
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