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Introduction: Meteoritic chondrules are consid-

ered to be a product of high-temperature transient 
events taking place during the very early evolution of 
the solar system. Although a nebular setting is gener-
ally favored, the exact locale and formation mecha-
nism of chondrules are still being debated. A determi-
nation of the time and duration of chondrule formation 
is an important step towards understanding the origin 
of this enigmatic component of all chondritic meteor-
ites. Several efforts focusing on the use of the short-
lived nuclide 26Al as a chronological tool and the 
analysis of plagioclase or plagioclase-rich mesostasis 
in chondrules from unequilibrated ordinary chondrites 
(UOCs) for their 26Al records have already been made 
[1-5]. These studies revealed the following important 
features: (i) the highest initial value for 26Al/27Al 
[(26Al/27Al)0] in UOC chondrules is much lower than 
the canonical value of 5×10−5 seen in CAIs in these 
meteorites; (ii) (26Al/27Al)0 values in UOC chondrules 
vary from ~10−5 to <5×10-7. While the first observation 
is generally attributed to formation of CAIs prior to 
chondrules, the large variation in (26Al/27Al)0 in chon-
drules from UOCs has been attributed to both differ-
ences in crystallization age of more than 3 Ma and Mg 
isotope redistribution accompanying metamorphic 
processing. Recent studies of chondrules in carbona-
ceous chondrites having varying degree of thermal and 
petrographic alteration records tend to favour an ex-
tended duration of chondrule formation [6-8]. We have 
initiated a systematic study of unequilibrated chon-
drites of various metamorphic grades to get further 
insight in this regard. In this paper we present our ini-
tial data based on studies of chondrules from the un-
equilibrated (LL3.2) ordinary chondrite Adrar 003. We 
note here that this meteorite was bracketed with the 
unequilibrated ordinary chondrite Bishunpur belong-
ing to the LL3.1 group based on the abundance of 
presolar grains that may also be used as an indicator of 
thermal metamorphism in meteorite parent body [9]. 

Sample and Experimental Approach: Two pol-
ished sections of a fragment of Adrar-003 were 
scanned using a SEM equipped with energy-dispersive 
X-ray detector to identify regions within mesostasis 
with high Al/Mg ratio.  Studies of Al-Mg isotope sys-
tematics of such regions were carried out using a    
Cemeca ims-4f ion microprobe. The presence of Mg-
rich micro-crystallites within the mesostasis makes it 

difficult to find suitable areas for isotopic studies. We 
have obtained ion images of selected areas to identify 
specific regions with high Al/Mg ratio and then used 
suitable field apertures to collect ions from such re-
gions that are typically 5 to 10 microns in size. Lake 
county plagioclase and anorthositic glass were used as 
standards.  We have also analyzed pyroxene and oli-
vine present within the chondrules prior to and at the 
end of each session of measurement. Standard proce-
dures were used for Al-Mg analysis [10]. Multiple 
analysis of the same region was conducted as long as 
the Al/Mg ratio remained relatively stable. Out of 
more than two dozen chondrules, thirteen were se-
lected for detail studies of Al-Mg isotope systematics.  
In three of these chondrules we could identify and ana-
lyze regions with Al/Mg ratio varying over over a rea-
sonable range that allowed us to construct Al-Mg 
isochron and infer (26Al/27Al)0. In the rest of the ana-
lyzed chondrules the Al/Mg ratio was <15 that did not 
allow a meaningful estimate of (26Al/27Al)0 in these 
cases. 

Results and Discussion: We show in Figure 1 the 
results of Al-Mg isotope systematic in one of the 
chondrules analyzed by us.  The data yield a value of 
(4.2±2.1)×10-6 for (26Al/27Al)0 and an intercept consis-
tent with the normal  26Mg/24Mg ratio within the limit 
of our measurement uncertainty. The data for the other 
two chondrules suggest (26Al/27Al)0 of ~10-5. However, 
in one of these, the spread in the Al/Mg ratio is rather 
small (8 to 22) and the error associated with the in-
ferred (26Al/27Al)0 is high. In the second case, the in-
ferred initial 26Mg/24Mg ratio is significantly below the 
normal value (0.13932) and if we force fit the data 
using the normal value, we obtain a value of ~6×10-6 
for (26Al/27Al)0 in this case. The presence of excess 
radiogenic 26Mg in the analyzed chondrules is readily 
evident from the distribution of δ26Mg for individual 
analysis conducted in the two chondrules with signifi-
cant spread in Al/Mg ratio (Fig. 2). However, there is 
no evidence for (26Al/27Al)0 value >10-5 even when we 
consider individual data points for a given chondrule.  

There is a general consensus at present that the 
lower (26Al/27Al)0  in chondrules relative to the CAIs is 
due to late formation of chondrules. This is also sup-
ported by U-Pb isotope systematics of CAIs and chon-
drules [11]. On the otherhand, several suggestions 
have been made for the spread in the (26Al/27Al)0 of 
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UOC chondrules.  These include: (i) a metamorphic 
imprint, (ii) an extended duration of chondrule forma-
tion or (iii) a large scale heterogeneity in 26Al in the 
chondrule formation zone [1-5]. The absence of 26Al 
records in UOCs of higher metamorphic grade is a 
strong indication that thermal metamorphism affected 
the preservation of the 26Al records. However, the 
spread in (26Al/27Al)0 seen in chondrules from both 
UOCs as well as carbonaceous chondrites cannot be 
solely ascribed to metamorphism. The presence of 
plagioclase- and glass-bearing chondrules in both Se-
markona and Bishunpur with low (26Al/27Al)0 ratios 
(~3.5×10-6 and <7×10-6, respectively) have been re-
ported [3; also I. D. Hutcheon, unpublished data]. Fur-
ther, it has also been pointed out [see, e.g. 4] that the 
sluggish rate of Mg diffusion in anorthite [12] requires 
time scales of tens of millions of years to create distur-
bances in the Al-Mg isotope system. The distribution 
of (26Al/27Al)0 in chondrules from Adrar 003, Bishun-
pur [3,5] and Krymka [1, 4] that are considered to have 
experienced similar low grade thermal metamorphic 
history (based on thermoluminescence studies and 
abundance of presolar grains) spread over the range of 
~1.5×10-5 to ~5×10-6 and suggest a minimum duration 
of 1 Ma for chodnrule formation. Obviously this 
spread cannot be attributed to thermal metamorphism 
in the parent bodies in these UOCs of low metamor-
phic grade. The proposal that individual chondrule 
experienced varying degree of thermal metamorphism 
following their formation in a pre-parent body envi-
ronment appears ad-hoc and we believe the Al-Mg 
isotope data for chondrules in Adrar 003 and other 
UOCs of low metamorphic grade are suggestive of an 
extended duration of chodnrule formation lasting ~1.5 
Ma. Such a suggestion was also made in some of the 
previous studies [1, 4, 5] although the proposed dura-
tion of chondrule formation varied from ~1 to 3 Ma.   
An extended duration of chondrule formation will 
have important implications for nebular dynamics and 
time scale for accretion of small objects leading to the 
formation of meteorite parent bodies in the early solar 
system. 
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Fig. 1. Al-Mg isotope systematics in Chondrule#8 
from the LL3.2 meteorite Adrar 003 
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 Fig. 2. Distribution of δ26Mg values in individual 
spots within mesostasis in two chondrules from 
Adrar 003. 
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