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Introduction: A common view of the Moon as inher-
ently dry abruptly changed when a Moon-wide 3 µm
band was detected by multiple remote sensing instru-
ments: EPOXI High Resolution Instrument, Cassini Vi-
sual and Infrared Mapping Spectrometer (VIMS), and
the Moon Mineralogy Mapper (M3) [1, 2, 3]. This band
signifies the presence of OH bonds, which has been sup-
ported by the discovery of hydroxyl with solar wind hy-
drogen in lunar agglutinate glasses[4]. The study of this
surface OH has important implications for understanding
volatiles on airless bodies throughout the Solar System.

A key hypothesis for the origin of lunar surface hy-
droxyl is the interaction of solar wind hydrogen with
surface oxygen. Lunar swirls are bright albedo features
that have been linked to the presence of local magnetic
fields. A magnetic field could shield the surface from
the solar wind, which may decrease space weathering,
causing that material to be brighter. Solar wind is also
hypothesized to be the source of the observed hydroxyl
via hydrogen implantation onto surface oxygen. A swirl
is a natural laboratory for studying solar wind interaction
because it can show differences in the water band while
keeping other parameters constant.

This project focuses on the behavior of water on and
around the swirls Reiner Gamma and Airy. In previ-
ous studies with Moon Mineralogy Mapper (M3), it was
found that absorptions in the 3 micron region are deeper
off the swirl than on the swirl[5]. In fact, it was sug-
gested that swirls can be better identified with this fea-
ture than with other methods [5]. However, data in the 3
µm region is complicated by the presence of both emit-
ted and reflected radiation, and there is debate about how
to best correct for thermal emission in M3 data, which
does not contain any wavelengths beyond 3 µm to con-
strain thermal models. Some corrections see differences
in the 3 µm feature with latitude or lunar time of day
[6, 7], but some do not [8].

In addition, M3 data is limited in its wavelength cov-
erage. A strong test of thermal corrections is their qual-
ity at longer wavelengths where thermal emission is in-
creasingly dominant. To deal with this thermal mod-
eling problem, this work uses ground based observa-
tions which have complete coverage of the 3 micron fea-
ture and the spectrum extends out to longer wavelengths
where the thermal emission dominates. Plus, observa-
tions can be taken at lunar times of day that are not avail-
able in M3. For Reiner Gamma, we have data ranging
from incidence angles of 4 to nearly 90 degrees and at
near 57 degrees we have very different temperatures due
to observations obtained during a partial lunar eclipse.

Figure 1: The top image is a reflectance image of the
lunar swirl Reiner Gamma and the bottom image is a
corresponding 3 µm band depth map. Both images were
created using SPeX data.

Reiner Gamma Phase (deg) Incidence (deg) Radiative T (K)
3/26/19 60.7 4.0 372.5
1/20/19 3.0 57.0 330.0
1/20/19 (Eclipse) 1.1 58.0 240.0
1/19/19 13.3 68.4 290.5
10/22/18 18.3 71.2 280.0
6/26/18 9.6 71.5 279.8
11/20/18 25.9 78.3 250.4
1/18/19 27.3 80.9 235.1
10/21/18 29.5 83.5 216.2
6/25/18 21.0 84.3 209.3
4/16/19 29.5 89.6 107.7
Airy
4/16/19 43.2 39.4 349.5
4/15/19 56.9 51.5 331.1

Table 1: Table of Ground-Based Swirl Data Collected

Results: As shown in previous work, the material sur-
rounding the swirl shows deeper 3 µm bands than the
bright portions of the swirl. However, the correlation
of reflectance and 3 µm band depth is less than observed
with M3 and some portions of the bright parts of the swirl
show stronger 3 µm band depths.

The differences between previous results on the swirl
and what we are observing are interesting and could be
influenced by feature coverage or thermal correction dif-
ferences. Beyond that, the data presented here are from
lunar times of day which are not observed by M3.
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