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Introduction:  Most ferromagnesian chondrules 

from primitive chondrites are characterized by 16O 
enrichments which are intermediate between bulk 
chondrites and the extreme values (Δ17O <-20‰) ob-
served in Ca-Al-rich refractory inclusions [1]. It is 
generally considered that these differences in Δ17O 
reflect the formation of these objects from different 
nebular reservoirs (either at different heliocentric dis-
tances or at different times) characterized by different 
16O-contents. The origin of these Δ17O variations re-
mains a fundamental unanswered key question but 
recent analyses of solar wind oxygen implanted in lu-
nar soils [2, 3] and of the solar wind collectors of the 
Genesis NASA mission [4] point to a 16O-rich (Δ17O <-
25‰) composition for the Sun and by inference for the 
protosolar nebula. Accordingly, only CAIs seem to 
have an oxygen isotopic composition consistent with 
that expected for condensates from a gas of solar com-
position.  

Type I chondrules (i. e. reduced chondrules with 
olivines having low FeO contents) from CV chondrites 
have been shown to contain quite systematically relict 
olivines [5]. The relict nature of the olivine can be 
identified from their major element composition which 
is not at chemical equilibrium with the composition of 
the mesostasis [5]. In addition, it has been shown that 
these relict Mg-rich olivines can also be identified as 
relict from their oxygen isotopic composition since 
they often show Δ17O values lower than that of pyrox-
ene and of chondrule mesostasis [6]. One simple way 
to understand this difference of Δ17O between olivine, 
pyroxene and mesostasis in a given chondrule is to 
consider that melting and crystallization took place in 
an open system and that isotopic exchanges occurred 
between olivine solid precursors and the nebular gas 
(olivine precursors having generally lower Δ17O than 
the ambient gas) [6]. Such a process, which will also 
modify the major element composition of the chon-
drule melt, is consistent with experimental simulations 
of gas-melt exchanges showing for instance the feasi-
bility of Si addition from the gas to the chondrule melt 
[7]. During such a process, the unmelted Mg-rich oli-
vine can preserve its original oxygen isotopic composi-
tion. This is clearly demonstrated by the oxygen iso-
topic observations in chondrules [6] and by experimen-
tal simulations [8]. 

Libourel & Krot [9] have proposed, on the basis of 
petrographical observations of type I chondrules from 

CV chondrites, that the metal-bearing olivine aggre-
gates present in some chondrules could be fragments 
of pre-existing planetesimals. This comes from their 
granoblastic textures and from the triple junctions ob-
served between the olivine grains: the olivine grain 
boundaries are dry and the chondrule melt appears to 
be infiltrating the olivine aggregates, promoting partial 
dissolution of olivine.  

One way to refine this hypothesis is to study in de-
tails the oxygen isotopic composition of the olivine 
grains in the olivine agreggates. If these aggregates are 
considered as fragments of a layer made by olivine 
accumulation in a planetesimal which underwent 
metal-silicate differentiation, this planetesimal most 
probably experienced global partial melting. High pre-
cision oxygen isotope analyses of differentiated bodies 
(Earth, Moon, Mars as sampled by SNCs, Vesta as 
sampled by HEDs) shows that an episode of magma 
ocean in a differentiated planetary body should result 
in an homogenization of oxygen isotopic composition 
to within the precision reached by the best analytical 
techniques, i. e. ± 0.015 ‰ (2 sigmas) for Δ17O [10, 
11]. Thus, if olivine fragments produced by the break-
ing of a differentiated body have been distributed in 
the accretion disk and were among the precursors of 
type I chondrules (and if they did not undergo any 
modification of their Δ17O values), then it should be 
possible to find them from their Δ17O values, which 
should be identical within ± ≈ 0.02‰.  

Existing oxygen isotopic data: Existing oxygen 
isotopic data are not precise enough to look for an iso-
topic homogeneity to within ± 0.02‰. Because of the 
small size (typically 10-100 µm) of the olivines, of the 
presence of inclusions and of Fe-enrichments in the 
rims, ion microprobe analysis is the only technique 
which could have the spatial resolution required to test 
the oxygen isotopic homogeneity of relict olivines in 
type I chondrules. A survey of ≈ 200 Mg-rich olivines 
from type I chondrules shows that some grouping of 
Δ17O values around a few modes does exist [12]. These 
few groups might be interpreted as showing the pres-
ence of fragments from a few groups of planetesimals 
(or of families of planetesimals with similar Δ17O val-
ues).  

Fig 1 shows an example of existing data in relict 
olivines from type I chondrules in CV chondrites. If 
these data show clearly that olivines with Δ17O values 
differing by several permil cannot come from the same 
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planetesimal, they cannot be used in the region Δ17O ≈ 
-6.5 ‰, for instance, to make further inferences. 

Fig 1: Δ17O values in Mg-rich olivines from 11 
type I chondrules from Vigarano (data from [6]). 

  
Analytical approach and preliminary results: 

We are developping high precision oxygen isotopic 
analysis with our multi-collector ims 1270 and ims 
1280 HR2 ion microprobes. Our goal is to reach a pre-
cision which would be close to what we already 
reached for Mg isotopic analysis [12] with the ims 
1270 for which a 2 sigma standard deviation of ± 
0.04‰ and a two sigma standard error of ± 0.005‰ 
was reached for the the Δ26Mg (the 26Mg excesses) in 
olivine, pyroxene and glass.  One of the strongly limit-
ing factor for oxygen isotopes compared to Mg iso-
topes is the low count rate (typically a few millions cps 
at maximum) which can be obtained for 17O. This is 
because of the high mass resolution required to get rid 
of possibly interfering 16OH. For such a low count rate, 
variabilities in the background of the Faraday cup de-
tector must be monitored and corrected correctly. Be-
cause this backgroung can vary by ≈ ± 500 cps, these 
variations, if not corrected, would create and error of ± 
0.25‰ for a count rate of 2 millions cps on 17O. Other 
improvements which are explored concern peak shapes 
at high mass resolution which are improved on the 
1280 HR2. 

Fig 2 shows a typical long term reproducibility for 
Δ17O values over one week analysis of Eagle station 
olivine (Δ17O = -4.51 ± 0.02 ‰ [14]) with the ims 
1270 (instabilities of the magnetic field were present 
during this week and all the perturbations induced on 
the data could not be filtered out). Fig 3 shows one 
example of one Mg-rich olivine from an Allende type I 
chondrule: 5 different spots give a Δ17O of -5.93 ‰ 
with a two sigma standard deviation of ± 0.29‰ and a 
two sigma error of  ± 0.13‰. The goal is to reduce the 

error by a factor of 2 to 5. A set of ≈ 25 type I chon-
drules with Mg-rich olivines showing similar Δ17O 
values (within ± 1.5 ‰) has been pre-selected and will 
be re-analysed by the time of the conference with high 
precision to look for the real Δ17O variability and test 
whether they can originate from the same planetesimal.  

 Fig 2: Reproducibility of Δ17O values measured on 
Eagle Station olivine with the ims 1270. 

Fig 3: 5 different spots in Mg-rich olivine from Al-
lende chond #7.  
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