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Introduction:  Recently, NASA's Genesis mission 

has clarified that the sun has a very different oxygen 
isotopic composition than the earth, planets and mete-
orites [1]. The observed isotopic composition of the 
Sun is enriched in 16O (60-70‰) relative to terrestrial 
and planetary compositions, which supports self-
shielding models for the origin [2, 3, 4, 5]. This value 
is generally believed to be representative of the solar 
system because greater than 99% of the mass of the 
solar system has been concentrated in the Sun. How-
ever, self-pollution of the convective zone of the Sun 
might have occurred via the infall of planetary em-
bryos during the planet formation epoch of the early 
solar system [6] because the solar photospheric com-
position is enriched in metallicity relative to nearby 
Galactic neighbors [7].  

Oxygen isotopic compositions of planetary em-
bryos are close to the terrestrial value [8]. This means 
that the oxygen isotopic composition of the solar pho-
tosphere may not be representative of the solar system, 
and the interior of the Sun should be more enriched in 
16O than the convective zone if self-pollution occurred. 
Furthermore, the oxygen isotopic composition of the 
solar photosphere would become more 16O-rich with 
time because the metal-rich convective zone would be 
diluted by deeper layers with solar evolution [6]. This 
self-pollution model of the solar system can be tested if 
we determine oxygen isotopic compositions of the 
solar photosphere during the planet formation epoch 
[9]. Here we report oxygen isotopic compositions of 
solar wind trapped in meteorite during the planet for-
mation epoch.  

We studied the NWA 801 carbonaceous chondrite, 
which is extremely enriched in noble gases of solar 
origin [10, 11, 12]. The noble gases are observed in 
matrices and also in chondrules that trap the gases with 
concentration of up to about 10-4 and 10-6 cm3STP/g 
for 20Ne in the matrices and chondrules, respectively. 
The solar wind oxygen is expected to be at ppm levels 
if solar abundances were preserved during trapping.  

We measured oxygen isotopic compositions of 
metals embedded in the matrices and in chondrules by 
secondary ion spectrometry [9]. 

Results and Discussion:  In the metal grains, oxide 
inclusions less than 1 µm are common (Fig. 1). Char-
acteristic X-ray signals of Mg have not been observed 
from the inclusions, but Si and O signals have been 
observed, and a sulfide phase coexists in most cases. 
The chemical compositions show the oxide inclusions 

are different from chondrule melt, indicating direct 
segregation from metal. Oxygen ion intensities from 
metals containing the inclusions were primarily from 
the inclusions. The oxygen isotopic compositions lie 
along the terrestrial fractionation line (Fig. 2) indicat-
ing that the metals formed with planetary oxygen iso-
topic compositions.   

After the inclusion segregation, oxygen contents in 
the metals would significantly decrease. Therefore, the 
metal is a good target to determine trapped oxygen of 
stellar winds during the planet formation epoch. We 
selected inclusion-free areas in the metals and analyzed 
the oxygen isotopes (Fig. 1). The oxygen isotopic 
compositions from metals without inclusions mainly 
plot around the terrestrial fractionation line, but several 
analyses clearly deviate downward from the terrestrial 
fractionation line (Fig. 2). In order to clarify the devia-
tion from the terrestrial fractionation line, we introduce 
Δ17O (Fig. 3).  

The histogram of Δ17O is composed of two Gaus-
sian curves (Fig. 3). The main peak curve consists of 
Δ17O=2.3‰ for the peak and ±7.5‰ for the standard 
deviation. This curve is probably due to terrestrial ad-
sorbed water or to oxide inclusions <<0.1 µm because 
these contributions cannot be completely removed dur-
ing the experiments. However, the accompanying 
curve consists of Δ17O=-35.0‰ for the peak and 
±7.1‰ for the standard deviation. The oxygen contents 
are less than 10 ppm (Fig. 3). This concentration level 
is expected for solar origin oxygen in this chondrite 
based on the noble gas contents of the chondrite [10, 
11, 12] and assuming solar abundance of elements [13].  

These results have the consequence that the 
accompanying curve consists of trapped stellar winds 
from the protosun during the planet formation epoch. 
Therefore, the oxygen isotopic composition of the pro-
tosun is enriched in 16O and calculated to be Δ17O=-
35.0±2.1‰ where the error is standard deviation of the 
mean.  The composition quantitatively agrees with the 
value of the present photosphere composition [1] and 
the most 16O-rich composition from meteorites [14].  

Because self-pollution changes oxygen isotopic 
compositions of the solar convective zone, the agree-
ment of oxygen isotopic compositions between the 
protosun and present day sun demonstrate that self-
pollution by planetary embryos was not significant for 
solar system evolution. The results reported herein 
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demonstrate that the solar photosphere has the repre-
sentative composition of the solar system.  
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Fig. 1. Secondary 16O- ion images from different metal 
grains in NWA 801 CR2. Width of images are 100 µm. 
16O- ion emission from adsorbed water on the surface 
is observed as a ring which corresponds to edge of 
primary beam. Spots of red color in the primary beam 
irradiation area correspond to oxide inclusions. Many 
inclusions are observed in the upper image, but not in 
the lower image.  

 

 
 
Fig. 2. Oxygen isotopic compositions of metal grains 
in a gas-rich chondrite, NWA 801 CR2. Genesis, and 
a006 correspond to representative oxygen isotopic 
compositions for present day solar wind by NASA 
Genesis mission [1], and a chondrite with the most 
16O-rich composition [14] ever found, respectively. 
δ17,18O is normalized to a standard of the NIST 665 
metal. 
 
 

 

 
 

Fig.3. Oxygen concentrations and histogram of metals 
in NWA 801 CR2 versus Δ17O. The histogram can be 
interpreted by two Gaussian curves characterized by 
the solar and planetary oxygen isotopic compositions. 
Δ17O = δ17O – 0.52δ18O. 
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