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Introduction:  An accurate and precise determination 
of the oxygen isotopic composition of the Sun is the 
highest priority scientific goal of the Genesis Mission 
[1] as such data would provide a baseline from which 
one could interpret the oxygen isotopic anomalies 
found at all spatial scales in inner solar system materi-
als [2]. We have previously reported preliminary data 
on solar wind oxygen isotope compositions obtained 
from the Genesis SiC target sample 60001 by depth 
profiling with the UCLA MegaSIMS [3,4].  The initial 
results, obtained on two separate areas of the target, 
identified the Sun as being enriched in 16O by ~6% 
relative to terrestrial values [4].  The majority of the 
data, obtained on one area of the target (9.9 mm from 
the center, now labeled area “B”; see figure 1), plotted 
within error of the CAI mixing line [4].  However, 
because the target was located at the focal plane of an 
electrostatic mirror (“the concentrator” [5]), this 
agreement was considered somewhat fortuitous [4] 
since large mass-dependent fractionation effects would 
be induced by the ion optics of the concentrator.  Lim-
ited data obtained on a second area (“D”, ~10 mm fur-
ther removed from the center) show significantly lower 
concentration, as expected, and also a composition 
consistent with mass dependent fractionation of that 
from area “B” by approximately −20‰ /amu, albeit 
with significantly large uncertainties. Such radially-
dependent mass fractionation was already known from 
measurements of neon isotopes on the Au-cross retain-
ing bar [5], in qualitative agreement with expectations 
based on ion optical simulations [6].   

In order to resolve ambiguities associated with 
mass dependent fractionation induced by the concen-
trator optics and to account for solar wind (SW) back-
scattering losses, we were authorized to conduct a ra-
dial traverse comprising 6 separate areas of the SiC 
concentrator target. This has been accomplished with 
40 depth profiles, each corresponding to a sputtered 
area of ~150×150 μm2. A parallel radial traverse will 
be undertaken in January at the ETH to analyze neon 
isotope abundances [7] so that the mass dependent 
fractionation can be quantified by comparison of the 
concentrator 22Ne/20Ne with that measured in a bulk 
SW target (diamond-like carbon on Si). The result can 
then be employed to model the oxygen isotope frac-
tionation, thereby permitting a correction to obtain the 
SW composition that was sampled by Genesis at L1.  

Here we discuss the oxygen SW data corrected only 
for instrumental mass fractionation in the MegaSIMS 
and some general implications. 

Fig. 1.  Depth profiles from areas A (top curve) 
through F (bottom) from Genesis sample GCS60001. 
Count rate is proportional to concentration and time is 
proportional to depth via sputter rate.  The peak of the 
profiles occur at ~78 nm.   
Genesis Concentrator sample #60001: Forty analy-
ses were performed in six separate areas of the Genesis 
sample #60001 with methods similar to those reported 
in [4].  As before, the area to be analyzed was first 
selected optically to be free from defects and particles 
larger than a few microns and then was cleaned by 
low-energy Cs sputtering (5 keV impact) to remove 
the top ~20 nm which is typically contaminated with 
adsorbed terrestrial oxygen.  The ion extraction volt-
age and primary beam focusing were then rapidly 
switched to the analytical mode and the ion micro-
scope imaging capability of the MegaSIMS was used 
to inspect the analytical area for contaminant dust par-
ticles larger than ~0.5 μm.  If any were identified (the 
usual case), the sample was shifted such that the of-
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fending dust was outside the analytical area of the 
depth profile (defined by an optical gate or “field aper-
ture” inserted in an image plane of the secondary ion 
beam path). Frequent instrument baking and careful 
vaccum maintenance enabled operating pressures 
<~2×10-11 Torr during analysis.  Intense (~100nA) Cs-
sputtering of blank SiC was used for “cleaning” the 
immersion lens extraction plate (to minimize back-
scattered oxygen onto the sample surface), ultimately 
resulting in levels of instrumental background a factor 
of ~2 better than those achieved last year.   

Results:  A summary of the O++ profiles is shown 
in Figure 1.  Profiles from within the same vicinity on 
the sample are highly reproducible with differences in 
peak position and intensity due primarily to slight 
changes in sputter rates (crater depths will be deter-
mined by interferometry once the sample is extracted 
from vacuum).  From the interior (area “A”) to the 
exterior of the sample (area “F”), the implanted SW 
oxygen concentration falls by a factor ~5.  In all cases, 
the integrated background is <2% of the SW signal.  
 

 
Fig. 2. Mean Δ17O values measured over 5 or more 
depth profiles in each area of Genesis SiC sample 
60001 as a function of radial distance from the center 
of the concentrator target.  Colors correspond to the 
profiles shown in Fig. 1.   
 
All analyses are consistent with an 16O-rich composi-
tion for the captured solar wind with a mean Δ17O = 
−33 ± 4‰ (Fig. 2); the uncertainy estimate on Δ17O 

represents the standard error of repeated measurements 
over the 6 target areas investigated. That the analyses 
from different radial positions agree in Δ17O within 
error demonstrates that it is only mass dependent frac-
tionation that is induced by the concentrator and that 
background corrections, which vary in significance 
due to the radially-dependent concentration factor, are 
properly accounted for. Tests on olivine grains from 
the Eagle Station pallasite demonstrate that MegaSIMS 
is accurate at a level commensurate with the stated 
precision.  For multiple electron multiplier analyses, 
the MegaSIMS data yield Δ17O = −3.4 ± 4.1‰ com-
pared to the accepted value for Eagle Station of -4.8‰ 
[8]. Most of the uncertainty in this parameter is due to 
the low count rates; a repeat of the measurement utiliz-
ing a more intense beam and a Faraday cup detector 
for 16O++ yielded Δ17O = −5.7 ± 0.8 ‰ for the Eagle 
Station olivine. 

Implications:  The first-order conclusion remains that 
the Earth and other planetary materials from the inner 
solar system are highly depleted in 16O relative to the 
Sun and the bulk starting composition of the solar sys-
tem. The data agree with expectations based on iso-
tope-selective photochemical self-shielding of CO  in 
the solar nebula or its precursor molecular cloud [9-
11]. The Earth is also depleted in the major isotope of 
nitrogen, 14N [12,13], which may further be indicative 
of a major role for photochemistry [9,14]. Calcium-
aluminum-rich inclusions of carbonaceous chondrites 
have oxygen isotope compositions approaching the 
solar value but, with very rare exceptions, they do not 
agree quantitatively most having Δ17O in the range −20 
to −25‰. A notable exception is the unusual chon-
drule found by Kobayashi et al. [15], which contains 
solar oxygen.   
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