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Introduction: The knowledge of precise time-
scales for processes having taken place early in the 
solar nebula   provides strong constraints on evolution 
models of the protosolar nebula. This has been one of 
the major goals of planetary sciences for the last 40 
years. The discovery in 1976 of 26Mg excesses in CAIs 
due to the in situ decay of 26Al [1] demonstrated that 
short-lived radionuclides, like 26Al, have been present 
in the young solar system. With a half-life of 730 000 
years, the 26Al-26Mg system is potentially the chro-
nometer offering the most precise time resolution for 
objects, such as Ca-Al-rich inclusions (CAIs) and 
chondrules, formed in the first 5 Ma of the solar sys-
tem history. A prerequisite for that is, however, that 
the Mg and Al isotopic compositions were homogene-
ous in the accretion disk before (or at the time) of for-
mation of the earliest solids. Recently, we have been 
able, for the first time, to measure precisely enough the 
Mg isotopic compositions by ion microprobe at the 
micrometer scale to determine both the slope (the 
26Al/27Al ratio) and the initial (the 26Mg/24Mg0 ratio) of 
26Al isochrons in chondrules [2]. These results can be 
used to test the hypothesis of homogeneity of Mg and 
Al isotopic compositions in the accretion disk by com-
paring the data to a theoretical growth curve of Mg 
isotopes calculated assuming homogeneity. The com-
parison  shows that the data are in agreement with 26Al 
and Mg isotopes being homogeneously distributed, at a 
level of ± 10% in the inner solar system at the time of 
formation of type B CAIs [2, fig. 3].   

From experimental and petrological studies [3, 4, 
5] it has been suggested that porphyritic type I chon-
drules are complex objects, resulting from the partial 
melting in the nebular gas of a precursor FeO-poor 
olivine component. The composition of the mesostasis 
and of phases (e.g. pyroxenes) crystallized from it is 
understood as resulting from the partial melting in an 
open system (exchanges with the gas are evidenced by 
the addition of Si to the chondrules) of precursor oli-
vine and of the dust accreted to the chondrule. Oxygen 
isotopic studies provide evidence for this open system 
process [6] and show that unmelted precursor FeO-
poor olivines preserved their original oxygen isotopic 
composition during chondrule partial melting: they are 
thus obviously relict from their isotopic composition. 
The variability in oxygen isotopic composition of the 
relict olivines can be inherited from earlier generations 
of chondrules or from preexisting  planetesimals which 
were differenciated and broken by collisions very early 
in Solar system history [5, 6, 7].     

If relict olivines have preserved a 16O-rich signa-
ture then they likely also preserved their Mg isotopic 
compositions. Because olivine does not contain Al, the 
Mg isotopic composition of relict olivine will be that 
acquired during its cristallization in an earlier genera-
tion of chondrules or of planetesimals (depending on 
their exact origin). Thanks to the fact that 26Al and Mg 
isotopes were homogeneously distributed in the inner 
solar system, this Mg isotopic composition can be used 
to calculate model ages for the formation of olivine 
from theoretical growth curves of Mg isotopes calcu-
lated with the appropriate Al/Mg ratios. Thus we tried 
to take advantage of our high precision ion probe pro-
cedure for the measurement of the 26Al-26Mg systemat-
ics [2] to study the Mg isotopic composition of FeO-
poor olivines from the Allende carbonaceous chon-
drite, for which relict olivines with strong 16O excesses 
are quite common.  

Analytical techniques: Mg isotopic compositions 
were measured with the CRPG-CNRS ims 1270 ion 
microprobe according to the procedure described by 
[2]. An external reproducibily of ± 0.004‰ (2σ) can 
be reached for δ26Mg* determination in the olivine 
standard San Carlos (fig.1, 2). In FeO-poor olivines 
internal errors for δ26Mg* were ranging from ± 
0.030‰ to ± 0.092‰. Here we report preliminary 
analyses of the Mg isotopic composition of FeO-poor 
olivines from 2 chondrules and 2 isolated olivines 
from the CV3 chondrite Allende. 

Results: After the analytical session we paid spe-
cial attention to the chemical composition of the ion 
probe spots in order to select exclusively the analyses 
made in the most FeO-poor (by inference the most 
pristine) olivines. Fig. 1 shows an example of Mg iso-
topic compositions measured in olivine from a type I 
chondrule. Olivines from this chondrule clearly show 
deficits of 26Mg in comparison with the terrestrial oli-
vine San Carlos. As shown in Fig. 2, the 4 analyzed 
samples have δ26Mg* deficits in comparison with the 
terrestrial standard, with variations from ≈ 0 to ≈ -0.03 
‰. These compositions are consistent with the range 
of δ26Mg* variations observed within the inner solar 
system sampled by Allende CAIs, Semarkona chon-
drules and the Earth [2]. 
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Fig. 1. a) Backscattered electron image of type I chondrule 
from Allende containing relict FeO-poor olivine surrounded 
by mesostasis and Fe-Ni metal. b) Mg isotopic composition 
obtained from 6 ion probe analyses (red circles in Fig.1a). In 
light grey is the average and the 2σ error among the 6 meas-
urements. 2σ error for each point.  

 
Fig. 2. Mg isotopic compositions obtained for FeO-poor 
olivines of chondrules from Allende. The Mg isotopic com-
position of Allende CAIs was determined by [8]; The error 
corresponds to the ± 10% heterogeneity of the Mg isotopes 
distribution within the inner solar system [2]. 2σ errors 
 

Discussion: The simplest way to explain the 
δ26Mg* deficits found in relict olivines is to consider 
that they crystallized very early in solar system history. 

Their Mg model age, if they formed from a reservoir 
of chondritic composition (27Al/24Mg = 0.101), would 
be as young as ≈ 0.4 Myr after CAIs (Fig. 3). It is im-
portant to stress that because these Mg-rich olivines 
are relict and because, by analogy with oxygen iso-
topes, they have preserved their pristine isotopic com-
position during chondrule melting, this age of 0.4 Myr 
after CAIs can be very different from the age of chon-
drule formation. It is also important to stress that the 
calculation of a model age is strongly model depend-
ent. For instance, if we consider the growth of Mg 
isotopes in a planetesimal enriched in Al relative to 
chondritic (e. g. by a factor of 2 with 27Al/24Mg = 0.2), 
an olivine with no detectable δ26Mg* deficit 
(δ26Mg*=0) would have a model age of ≈ 0.8 Myr (and 
not of more than 5 Myr for a chondritic growth curve). 
However these first results are promising and show the 
potential of this approach. We are testing if other geo-
chemical signatures (e.g. Δ17O) correlate with the ob-
served differences in Mg model ages.   
   

 
Fig. 3. Solar system growth curve of Mg isotopes anchored 
by the (26Al/27Al)0 and δ26Mg*0 of bulk Allende CAIs (red 
square, 5.23 (± 0.13) × 10-5 and -0.040 (±0.029)‰) [8] and 
calculated for a chondritic 27Al/24Mg ratio of 0.101. The red 
field corresponds to the ± 10% heterogeneity. Potential 
model ages of refractory olivines (solid arrows) are calcu-
lated from their Mg isotopic compositions (black squares). 
2σ errors. 
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