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Introduction:  Chondrites and chondrules have 
chemical and isotopic variations among chondrite 
chemical groups, such as oxidizing condition, chon-
drite bulk chemical compositions, abundance of chon-
drule chemical types, and oxygen isotopes [e.g. 1]. To 
clarify the origin of the diversities among chondrite 
and chondrule types, we have performed systematical 
investigations of formation ages and petrological prop-
erties of the early solar system materials.  
   The 26Al-26Mg systems of ferromagnesian chon-
drules in least equilibrated ordinary chondrites were 
investigated for two FeO-poor (Type I) chondrules and 
seventeen FeO-rich (Type II) chondrules from LL3.0-
3.1 chondrites [e.g. 2, 3], and thirteen Type II chon-
drules from L3.0-3.1 chondrites [4], of which initial 
26Al/27Al ratios were (0.5-2)×10-5 [2-4], corresponding 
to relative ages of 1.0-2.5 Myr after CAIs with as-
sumption of homogeneous distribution of 26Al in the 
early solar nebula. In carbonaceous chondrites (CC), 
six Type II chondrules in CO3.0 Yamato-81020 were 
studied and the initial 26Al/27Al ratios were from 
(0.24±0.17)×10-5 to (0.65±0.32)×10-5 [5, 6], corre-
sponding to 2.0-3.0 Myr after CAIs. To determine 
formation timing of common Type I chondrules in CC 
(>90%), we measured Al-Mg systems for fourteen 
Type I chondrules from CO3.0 (Yamato-81020) and 
the initial 26Al/27Al ratios of the chondrules were from 
(0.71±0.19)×10-5 to (1.27±0.34)×10-5 [7], correspond-
ing to 1.4-2.0Myr after CAIs, which show similar 
ranges of those of ordinary chondrites. The initial 
26Al/27Al ratios of aluminum-rich (Al-rich) chondrules 
were obtained from some type3 chondrites (0.1-1×10-

5), but they contained data from slightly metamor-
phosed ones with large errors [8-12]. To determine 
chondrule formation timing among chemical chondrite 
groups, we have examined 26Al-26Mg systems of chon-
drules in primitive carbonaceous chondrites (CO and 
CR). In the present study, we focused the age studies 
of Type II and Al-rich chondrules, because less num-
ber of the age data was obtained. 

Mineralogy and Petrography: Three Type II and 
two Al-rich chondrules in CO3.0 Yamato-81020 (Y-
81020) have been measured for 26Al ages up to now.  

Type II chondrules: Chondrule Y56, 120×280µm 
in size, consists of olivine phenocrysts (Fo50-66), pla-
gioclase (An31-56), high-Ca pyroxene (Wo47En30), and 
one large metal/sulfide with irregular outline. Porphy-

ritic olivine chondrule Y58, 190µm in size, consists of 
olivine phenocrysts (Fo48-70, 10-60µm) and interstitial 
plagioclase (An41-57). Some olivine phenocrysts show 
strong compositional zoning from FeO-poor core 
(Fo81-90) to FeO-rich rim. Fine olivine grains (‹ 10µm) 
occur at the rim of the chondrule. Rounded to irregular 
metal (3-20µm in size) and troilite (~20µm in size) are 
present. Chondrule Y46, 420×300µm in size, consists 
of euhedral FeO-rich olivine, high-Ca pyroxene, anor-
thite, and spinel. Some olivine grains show composi-
tional zoning from FeO-poor core to FeO-rich rim. 
Rounded to irregular metal exists both inner region 
and periphery of the chondrule. 

Al-rich chondrules: Chondrule Y23, 180µm in di-
ameter, consists of fine (~10µm) euhedral anorthite 
(An99-100) and anhedral high-Ca pyroxene (Wo49-66En30-

60) in almost equal amounts with some rounded olivine 
(Fo97-99) mostly in the periphery of the chondrule. No 
low-Ca pyroxene and only one metal are found. Y175 
is a fragment of an Al-rich chondrule, 400×260µm in 
size, and consists of low-Ca pyroxene phenocrysts, 
subhedral to euhedral anorthite, high-Ca pyroxene. 
Mesostasis is intergrowing of plagioclase, high-Ca 
pyroxene and Si-rich glass. Low-Ca pyroxene contains 
round to oval metal grains (5-20µm). Fine grained 
(<5µm) euhedral FeO-rich olivine, pyroxene, and Si-
Al-rich glass made a rim (10-40µm in thick) on the 
fragment periphery.  

26Al-26Mg results:  26Al-26Mg measurements were 
performed by SIMS (IMS-1270) at Geological Survey 
of Japan, AIST [7, 13]. Fig. 1 and 2 show 26Al-26Mg 
isochron diagrams of Type II and Al-rich chondrules, 
respectively. Type II chondrules, Y56 and Y58, have 
clear 26Mg-excesses, of which initial 26Al/27Al ratios 
are (0.75±0.18)×10-5 for Y56 and (0.71±0.36)×10-5 for 
Y58, respectively, corresponding to 2.00(-0.23/+0.29) 
and 2.06(-0.43/+ 0.75) Myr after CAIs on the assump-
tion of homogeneous 26Al distribution. For Y46, oli-
vine or pyroxene was not analyzed, and the model 
isochron is (0.57±0.22)×10-5, 2.28(-0.34/+0.51) Myr 
after CAIs. Revised 26Al age data of Al-rich chondrule 
Y23 from the previous our results [13] show a scat-
tered isochron (MSWD=1.6) with the slope of 
(0.50±0.14)×10-5. The data is translated to relative age 
of 2.42(-0.26/+0.34) Myr after CAIs if the slope of the 
isochron represents the initial 26Al/27Al ratio. A model 
isochron of Y175 without olivine/pyroxene measure-
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ments has the initial ratio of (1.01±0.15)×10-5, corre-
sponding to 1.69(-0.15/+0.17) Myr after CAIs. 

Discussions: The initial 26Al/27Al ratios of the 
chondrules including results of Type Is [7] in Y-81020 
are summarized in Fig.3. The ranges of the initial 
26Al/27Al ratios of Al-rich chondrules did not distin-
guish from those of Type I and Type II chondrules in 
the CO chondrite. Type I chondrules have peak initial 
26Al/27Al ratios from 0.8×10-5 to 1.0×10-5. The initial 
ratios of Type IIs are relatively lower (0.6-0.8×10-5) 
than Type Is (0.7-1.3×10-5). The present results of 
Type IIs are consistent with the upper limit of the ini-
tial 26Al/27Al ratios of Type IIs from the same chon-
drite (Y-81020) in literature (0.2-0.7×10-5) [5, 6], al-
though the analytical errors are much larger than those 
in the present study. Thus, Type II chondrules in CO 
chondrites could be formed slightly later than Type I 
chondrules. Comparing to ferromagnesian chondrules 
in the CO chondrite, the initial 26Al/27Al ratios of Type 
Is in LL chondrites did not distinguish from those of 
Type IIs, although the number of Type I age data in 
LL chondrites are small [2, 3]. It is concluded that the 
formation age difference between Type I and Type II 
chondrules in the CO chondrite suggests a possibility 
that the redox states of the CO chondrule forming re-
gion had changed from reducing to oxidizing with time, 
but those of the LL chondrule forming region had not 
changed with time. 
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Figure 1. 26Al-26Mg isochron diagrams of Type II 
chondrules. The solid line is the initial 26Al/27Al ratio. 
 

  
Figure 2. 26Al-26Mg isochron diagrams of Al-rich 
chondrules. 

   
Figure 3. Summary of initial 26Al/27Al ratios of total 19 
chondrules in CO3.0 Y-81020. 
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