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Introduction:  Oxygen isotopes are essential to
unravel galactic processes such as stellar
nucleosynthesis, origin and history of interstellar
dust, origin and formation of the solar system
planetary materials. O isotopic anomalies in solar
system materials are usually attributed to (1)
preservation of nucleosynthetic events in stars prior
formation of the solar system [1], (2) protosolar
chemistry such as UV photodissociation [2] or non-
mass dependant fractionation during chemical
reactions [3]. Here we report the discovery in the
Murchison meteorite of µm-sized grains with
extreme oxygen isotopic anomalies that could not be
related to any of these two families of processes

Samples and analytical techniques: O and Si
isotopes were mapped in insoluble organic matter
(IOM) from the Murchison meteorite with the
Cameca IMS 1270 ion microprobe at CRPG in
Nancy, France. Data were extracted by image
processing. The IOM residue was isolated from the
bulk meteorite following standard acid dissolution
procedures [4] and pressed into a high purity gold
foil. O isotopic imaging was done in 4 different
sessions using different settings to ensure absence of
analytical artefacts : (1) circular cross-over, (2)
rectangular cross-over, (3) peak jumping detection on
the axial electron multiplier (EM), (4) simultaneous
detection of 16O, 17O and 18O on three different EMs.
Measurements were duplicated in the last session.
The primary beam was a 1.5 µm Cs+ beam of 1-5
pA. The mass resolving power (MRP) was ~6000 at
mass 17 to remove interference from OH. Because of
the amplitude of the observed anomalies, all
corrections including instrumental mass fractionation
(IMF) were found to be negligible. A 5 to 10%
precision was reached in ~ 3 minutes for
multicollection measurements. Si isotopes were
measured independantly with the IMS 1270 ion probe
in peak jumping mode using a 2.5 µm Cs+ beam and
a MRP of ~4000. Si isotopic data were corrected for
EM background, IMF and matrix effects. Errors on
individual measurements range from 5 to 20 ‰ (2 s)
after all corrections and error propagations.
Mineralogical study of the grains was done using
field emission secondary electron microscopy (SEM)
and energy dispersive X-ray spectroscopy. The grains
were so deeply embedded within IOM that only
destruction of the organics upon laser treatment

enabled their location with the SEM. This suggests
that they were embedded in IOM before
incorporation in the Murchison parent-body. They
appeared to be SiO2-rich oxides, 0.5 to 3 µm in size.
Most of them show faces and no evidence of acid
corrosion. Transmission electron microscopy studies
are now planned to determine their exact mineralogy.

Results: O isotopes. 31 grains were analyzed for
O isotopes. All of them presented large excesses of
17O and 18O compared to the solar value. All grains
fall on a single mixing line between an extreme end-
member value with 17O/16O ~ 7.7 ¥ 10-2 and 18O/16O
~ 1.2 ¥ 10-1 and the solar value (Fig 1).

Fig 1. O isotopic composition of SiO2-rich grains (red).
Together are shown presolar oxides (blue) and graphites
(green) [5-7]. Standards are yellow. Errors are 2s.

These extreme values represent enrichment factors of
190 and 50 relative to solar, respectively. Whether
the mixing line really represents the composition of
the grains or an instrumental bias due to the overlap
of the ion probe beam with surrounding phases is
unclear. However, duplicate measurements show
some shift along the mixing line, which suggests
overlap between the grains and the surrounding
phases due to slightly different beam sizes from
session to session. Indeed, the grains were smaller or
comparable to the beam size and embedded in
Murchison O-rich IOM. Adjacent spinels and
corundum of solar composition could also contribute
to this analytical mixing in some cases. This suggests
that all grains have the same extreme composition,
indicating a single source for all the grains.
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Si isotopes. Among the 31 grains measured for O,
18 grains were lost during an unsuccessful attempt to
remove the organic coating or were too small for a
precise measurement of Si isotopes. All remaining 13
grains were found to have solar isotopic composition
within errors. Again this suggests that all the grains
have the same composition. The weighted mean d29Si
and d30Si are 9.7 ± 2.2 ‰ and 7.4 ± 3.0 ‰ (2 s).

Abundances. Based on SEM observations, ion
probe maps and IOM extraction yields, a mass
abundance range of 250 ppb to 1.8 ppm of the
Murchison meteorite was determined, with a best
estimate around 870 ppb. This abundance is
comparable to that of presolar oxides [8] but lower by
an order of magnitude than that of presolar silicates
[9].

Discussion:  The O isotopic compositions
observed here are the heaviest observed in the galaxy.
All possible sources were investigated : (1) a stellar
origin, (2) a chemical origin and (3) an irradiation
origin. Among the latter two cases were investigated :
interactions with the galactic cosmic rays (GCR) and
bombardment of circumsolar materials by energetic
particles emitted by the young Sun.

Stellar nucleosynthesis. Such large isotopic
anomalies in meteoritic grains are usually attributed
to the preservation of stellar nucleosynthetic events.
However this seems unlikely here for two reasons.
(1) Conventional stellar models fail to produce both
the correct O and Si isotopes. While evolved low-
mass stars can have solar Si isotopes, they are
depleted in 18O [10]. On the other hand, massive stars
can produce heavy O isotopes but they should also
produce significant Si isotope deviations [11]. Finally
if novae outbursts can theoretically produce both the
observed ratios, no nova model published yet
produces both simultaneously [12]. (2) All grains
come from the same source contrary to what is
observed in presolar grains. Even an unusual stellar
companion for the young Sun is unlikely because it
would have been detected in presolar oxides and
silicates and would have left different O isotopes
signatures in planetary materials than what is
observed.

Protosolar chemistry. Both isotope selective
photodissociation of CO upon self-shielding and non-
mass dependant isotopic fractionation appear unlikely
because they should keep the 18O/17O ratio close to
the solar value of ~5.25 instead of the 1.7 value
observed here.

Interaction with GCRs. Spallation of Ne, Mg and
Si in the GCR can produce O isotopic ratios close to
1 [13]. But both a production by GCR irradiation of

the protosolar molecular cloud core, and/or
implantation of GCR O ions are unlikely. Indeed (1)
calculated irradiation time to reach the observed
values gives an unrealistic value (~200 Gyrs) and (2)
the highest measured O isotopic composition of the
GCR are still almost 10 times lower than the
observed value [13].

Irradiation by the protosun. Irradiation of pre-
existing grains is unlikely because it would also
cause large Si isotope anomalies. Irradiation of
circumsolar gas (N, O and Ne in solar proportions)
by particles with gradual solar flares characteristics
fails to produce 18O/16O ratio above 10-2. By contrast
bombardment by particles with characteristics of 3He-
rich impulsive solar flares produces both O isotope
ratios an order of magnitude higher than those
observed here. While N and Ne are in the gas phase,
O is both in gas and solids. Taking 40% of O in the
gas, one gets an anomalous O reservoir (O*) lying on
the observed correlation. While Si* produced during
the process is mostly diluted in the dominant solar
SiO reservoir by reaction with O, O* could be
selectively preserved by reaction with SiO to form
SiO2 that condenses. Bipolar jets with large SiO
enrichments [14] and high speeds allowing to isolate
the highly energetic O* (MeV range) may have been
the location for this process. Grain may then have
watered the surface of the accretion disk, where IOM
could have formed and coated the grains in
interstellar-like chemical conditions. Details of the
model will be presented at the conference.

Conclusion: We have found in the matrix of the
Murchison meteorite, micrometer-sized O-rich grains
whose isotopic composition suggests that orders-of-
magnitude isotopic anomalies in solar system
materials may not be necessarily due to stellar
nucleosynthesis before the birth of the Sun, but can
also be produced within the young solar system. The
Al/Mg isotopic systematics of 3 of these grains
supports this conclusion [15].
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