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The surfaces of airless bodies like the Moon are subject to space weathering, the alteration of the upper
surface of materials due to the simultaneous effects of irradiation by cosmic and solar rays,
electromagnetic radiation, and impacts from micrometeorites. These interactions cause physical and
chemical alteration of the surface, impact vaporization, and ion sputtering and implantation, which lead
to gardening and change in optical properties of the surface materials (eg., [1-4]). The total depth of this
alteration can be up to 200 nm (or more with the presence of melt splashes and agglutinates). Atom probe
tomography (APT) has the appropriate 3-D spatial resolution and analytical sensitivity to investigate such
features. In APT, atoms are field evaporated from the surface of a sample and detected by a position-
sensitive time-of-flight mass spectrometer. This way, both the local compositions and spatial distributions
can be determined in three dimensions [5]. We have demonstrated that APT can be successfully used to
characterize the composition and texture of space weathering products in ilmenite from Apollo 17 sample
71501 at near-atomic resolution [6].

Two of the studied nanotips sampled the top surface of the space-weathered grain, while another sampled
the deeper and unaltered part of the ilmenite. The characteristics of the sample nanotips vary greatly,
though they were all extracted from a small surface area with dimensions of 5 x 25 um on the same grain.
The different distribution of space weathering products between the two nanotips is due to sampling
different adjacent grain volumes, which were exposed to different degrees of space weathering even on
this small scale. Both nanotips contain small nanophase Fe particles (~3 to 10 nm diameter), with these
particles becoming less frequent with depth.

One of the nanotips contains a sequence of space weathering products, compositional zoning, and a void
space (~15 nm in diameter) which we interpret as a vesicle generated by solar wind irradiation. No noble
gases were detected in this vesicle, although there is evidence for “He on the edge of this feature. The
outermost layer of the grain is more enriched in the minor elements than the nanophase Fe area, suggesting
that some of the rim material is sourced from outside of the ilmenite grain and is a true redeposition rim,
formed by the condensation of vapor produced by the impact of micrometeorites on adjacent grains and
by deposition of materials sputtered by energetic solar wind ions from the nearby grains.

In the other nanotip, H-bearing ionic or molecular species such as OH* and H20", are present in the

greatest amounts at a depth range of 40-50 nm, fully consistent with H* solar wind implantation at typical
energies (Fig. 1). The outermost layer of space-weathered soil comprised of O-rich minerals, such as that
of this ilmenite grain, may be an important source of water on the Moon.
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This lunar soil grain exhibits the same space weathering features that have been well documented
employing transmission electron microscope (TEM) studies of lunar and Itokawa asteroidal regolith
grains. The zones we observe in the lunar material have the same compositional characteristics as material
returned from Itokawa [8,9], but have different depth ranges. APT is an ideal analytical method to study
nanoscale surface effects of precious samples, such as mission-returned samples like those presented
herein and is a complementary technique to TEM.
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Figure 1. APT concentration profiles (top) of H-bearing ionic or molecular species along the axis normal
to the grain’s surface, with a shape consistent with simulated [7] H+ implantation at 4 keV (bottom) into
a material with properties comparable to ilmenite [5].
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