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Introduction:  The 26Al-26Mg system has particu-

lar importance because of the short half life (0.73Ma), 
which was applied mainly to Ca-Al-rich inclusions 
(CAIs) and chondrules. The 26Al-26Mg system contains 
a serious problem that the origin of 26Al is unknown 
and the isotope exchanges might be took place after 
formation of chondrules, such as isotopic disturbance 
by instantaneous heating or metamorphism on a parent 
body. The chondrule formation ages, 1.0-3.0 Myr, of 
ferromagnesian chondrules in the least metamorphosed 
both ordinary and carbonaceous chondrites [1] are 
obviously older than previously reported values of 
~5Myr for more highly metamorphosed (e.g. LL3.4) 
chondrites [2, 3]. This suggests a possibility of distur-
bance of the 26Al-26Mg system for the metamorphosed 
chondrites. Chondrules and Al-rich materials from 
higher metamorphosed (LL3.4 to LL6) chondrites 
show lower initial 26Al/27Al ratios than the ratios from 
LL3.0 and 3.1 chondrites, and suggested that chon-
drules were metamorphosed in over type 4 chondrite 
parent bodies [3]. The previous researchers, however, 
have never evaluated the possible disturbances of 26Al-
26Mg systems of chondrules, which might occur on 
even the least metamorphosed type 3.0 chondrites. In 
this study, we examine detailed chemical and petro-
graphic properties of anorthite grains analyzed with 
SIMS [4, 5] in order to evaluate if the measured 26Al-
26Mg systems were disturbed after the formation of 
individual chondrules. 

Mineralogy of Plagioclase: Petrological observa-
tion of plagioclase grains was carried out under an 
optical microscope, SEM, and EPMA. Detailed ob-
servation of each plagioclase was also performed 
with a field emission scanning electron microscope 
(FE-SEM). Plagioclase is divided into two types; 
large eauhedral to subhedral grains (23%) and fine 
(<10µm) anhedral to subhedral grains (77%). Magne-
sium distribution in plagioclase measured with SIMS 
is studied by line analyses with 0.5 to 2µm steps by 
EPMA for thirty-six grains in thirteen Type I chon-
drules in Y-81020. We found that plagioclase shows 
various types of zoning in terms of MgO. Data con-
taminate Mg-rich neighboring phases are excluded by 
careful observations on FE-SEM. The chemical zon-
ing is divided into five types using Mg and Na con-
centration. The varying Mg concentrations of plagio-

clase in chondrules should be dependent on bulk Mg 
content, Mg distribution among plagioclase, residual 
melt and coexisting phases, and cooling rate. Alterna-
tively, the various Mg distribution of plagioclase 
might be explained by secondary diffusion process. 
For example, the zoning pattern where Mg concentra-
tion decrease and Na increase from core to rim shows 
a possibility of incomplete homogenization of  Mg 
diffusion from high MgO core to rim after solidifica-
tion. If Mg moved after crystallization, the Al/Mg ra-
tio of plagioclase changes and therefore, the 26Al-
26Mg system could have been disturbed. 

Magnesium Diffusion in Plagioclase: We calcul-
cated the homogenization time for Mg in anorthite 
with a width of 20µm, which is the maximum size of 
an anorthite grain observed in Y-81020, using ex-
trapolated diffusion experiments on Mg self-diffusion 
in anorthite [6], resulting 6.9 days at 1200°C and 90.3 
years at 800°C. Combining the results from the ther-
moluminescence (TL) sensitivity of plagioclase [7], 
olivine zoning profiles [8] and the partition of Co 
among metal grains [9], the maximum temperature 
that Y-81020 experienced in a parent body is esti-
mated to be 420-550°C. If these temperatures are ap-
plied, the homogenization time of Mg in anorthite of 
20µm size is about 2.4Gyr at 420°C and about 
1.2Myr at 550°C. The time of 2.4Gyr is longer than 
the age of the solar system, and is implausible. The 
time of 1.2Myr, on the other hand, is a plausible time 
scale, which further suggests the possibility of distur-
bance of the 26Al-26Mg system on a parent body. 

Evaluation of The 26Al age of chondrules: The 
estimation of homogenization time of Mg in plagio-
clase suggests a possibility of secondary disturbance 
of the Al-Mg chronological system in the parent body. 
If Y-81020 was metamorphosed by heating on a par-
ent body, Mg in plagioclase would have been redis-
tributed into Mg-rich phases (e.g. olivine or pyrox-
ene) because of smaller distribution coefficient of Mg 
to plagioclase at low temperature, and then the Al/Mg 
ratios in the isochron diagrams would move toward 
higher values. The Al/Mg ratios of plagioclase from 
the least metamorphosed LL3.0 Semarkona have 
ranges from 60 to 80 for Type I and from 40 to 150 
for Type II chondrules [10], and the values from 
more metamorphosed chondrites increase up to 400 
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for LL3.4 Chainpur Type I chondrules [3] and 1300 
to 5300 for plagioclase grains separated from H4 Ste. 
Marguerite [11], because of lower MgO concentra-
tions in plagioclase in chondrites with higher petro-
logic types. The Al/Mg ratios of the chondrules from 
Y-81020 show a narrow range between 20 and 60 in 
all Type I POP chondrules, and the variation in indi-
vidual chondrules is from 1 to 15. These small 
27Al/24Mg values indicate that the chondrules were no 
metamorphosed on a parent body. If chondrite was 
well heated on a parent body to have equilibrium dis-
tribution of MgO between ferromagnesian phases, the 
initial 26Al/27Al ratios of all chondrules would be the 
same value. However, the chondrules analyzed in our 
study have a range of the initial ratios from 
(0.54±0.24) ×10-5 to (1.53±0.34) ×10-5. It is thus con-
cluded that chondrules in Y-81020 were not reheated 
completely on the parent body. If they were incom-
pletely reheated on a parent body, 26Mg-excess of lo-
cally reheated plagioclase, which has higher Al/Mg 
ratio because of lower MgO contents by Mg diffusion, 
should have a lower value than that of primary pla-
gioclase, showing lower Al/Mg ratio, in an individual 
chondrule. The five data from one chondrule, how-
ever, show similar or higher 26Mg-excess increasing 
the Al/Mg raios (ex. δ26Mg = 1.47±0.58 at Al/Mg = 
23.2±0.7, δ26Mg = 2.25±0.54 at Al/Mg = 32.9±0.8), 
suggesting no diminution of 26Mg-excess by incom-
plete reheating. Therefore, our results would be ex-
plained that chondrules in Y-81020 were not suffered 
by neither complete nor incomplete resetting after the 
formation. 

On the basis of the chemical, petrological, and iso-
tope characteristics of plagioclase, we concluded that 
the zoning was produced during crystallization from 
liquid but not during thermal metamorphism in a par-
ent body. The analyzed plagioclase grains ex-
periensed negligible disturbance in terms of the 26Al-
26Mg systems. The obtained initial ratios and relative 
ages of chondrules in a primitive chondrite record the 
formation history of chondrules under the assumption 
of homogeneous distribution of 26Al in the early solar 
system.  
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