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SOLAR WIND ION FLUX MODELING. L. L. Hood, Lunar and Planetary Laboratory, University of Arizona,
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Introduction: Solar wind ion sputtering is one of
several non-negligible loss mechanisms for water ice in
permanently shadowed regions (PSRs) near the lunar
poles (e.g., [1]). Previous published model estimates of
the solar wind ion flux onto the surfaces of lunar south
polar craters have considered only the ambient solar
wind flow and effects of topography [2]. We have re-
cently reported mapping of magnetic anomalies at low
altitudes in the lunar polar regions [3,4]. While anoma-
lies are relatively weak over the area near the north pole,
significant anomalies are present over the south polar
region, including over several permanently shadowed
craters.  Here, further evidence for the existence of

anomalies over PSRs is presented and the need for both
improved mapping and improved modeling, taking into
account deflection of solar wind ions by the observed
crustal fields, is emphasizedh._
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Mapping: The mapping method [5] consists of first
constructing regional maps of improved accuracy over
individual areas by selecting only the best magnetome-
ter measurements (lowest altitude with least amount of
external field contamination) over those specific areas.
Once the best measurements are identified, an equiva-
lent source dipole (ESD) technique (e.g., [6]) can be ap-
plied to normalize the measurements to a constant alti-
tude. Individual regional maps can then be joined to-
gether to produce a larger-scale map. A large-scale map
of the crustal field has recently been constructed using
this approach at 30 km altitude covering latitudes from
65°S to 65°N [5]. Interpretation of the large-scale map

supports the hypothesis that many lunar magnetic anom-
aly sources consist of impact basin ejecta that is en-
riched in iron from the impactor.

Figure 1 shows a map of the field magnitude at 20
km altitude over the south polar region (~ 80°S to the
pole) produced from Kaguya magnetometer data [7] us-
ing the above methodology. After two-dimensional fil-
tering, the map has an effective horizontal resolution of
~ 51 km and is superposed onto a labeled topographic
map [8] of the region. The contour interval is 1 nT. A
series of moderately strong anomalies are in the near vi-
cinity of the pole. One anomaly lies nearly over Shoe-
maker crater and another overlaps with Sverdrup crater.
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Figure 2

Selected Orbit Passes: In order to investigate fur-
ther the existence of anomalies over these craters, direct
radial field measurements along individual orbit tracks
can be analyzed. Figure 2 plots radial field measure-
ments from April of 2009 along a series of low-altitude
Kaguya orbits that pass close to the south pole. Time
along the orbits progresses from right to left; the de-
scending part is therefore on the right of the center while
the ascending part is on the left. Longitude and altitude
at 75°S are given on both parts. Longitudes at 75°S on
descending passes change rapidly near the pole and
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become nearly 180° opposite at 75°S on ascending
passes. An anomaly located close to the pole is promi-
nent on these orbit passes. Its repetition on successive
orbits confirms its lunar origin. It has an unfiltered am-
plitude approaching +7 nT for the ascending pass near
39°E at 75°S, for example.
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Figure 3

Figure 3 superposes several of these orbit tracks
onto the topographic map of Stopar and Meyer [8]. The
radial field amplitude along one of these passes (April
20, 2009; 14:49 UT; 36.4°E at 75°S on the ascending
side) is plotted on the figure. The altitude ranges from
~ 14 km on the descending side at 80°S to ~ 18 km on
the ascending side at 80°S. This track passes within 1°
of the pole along the northern edge of Shackleton crater
at an altitude of 15.8 km and continues through the in-
terior of Shoemaker crater. The radial field anomaly
overlaps the interior of Shoemaker while the field am-
plitude near Shackleton is small (< 1 nT).

Discussion and Conclusions: Based on evidence
consistent with the iron-enriched ejecta mechanism for
producing magnetic anomalies associated with young
lunar basins [5], at least some of the polar anomalies
mapped here may be related to the Schrodinger basin-
forming impact. Schrdédinger is the second youngest
impact basin (i.e., crater with diameter > 300 km) on the
Moon (e.g., [9]), with an absolute age of less than 3.9
Gyr. The anomalies centered on the south pole are lo-
cated adjacent to Schrodinger and could have sources in
the form of iron-enriched ejecta from this impact event.

It is important to note that some longitude sectors in
Figures 1 and 3 were incompletely covered by high-
quality, low-altitude KG passes. For this reason, two-
dimensional filtering with an effective filter dimension
of ~ 51 km (1.67° of latitude) was necessary. Future
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orbital magnetometer measurements at low altitudes
over the south polar region are therefore still much
needed to fill in coverage gaps and allow construction
of maps with better accuracy and higher horizontal res-
olution.

Considering the low angle of solar wind incidence
relative to the horizontal near the lunar poles, the south
polar anomalies of Figure 1 should be effective in
shielding the underlying terrain from much of the solar
wind ion bombardment. The south polar anomalies
have peak amplitudes of about one-quarter that of the
Reiner Gamma anomaly at a common altitude. The
Reiner Gamma anomaly significantly deflects the solar
wind ion bombardment, which is a major part of the ex-
planation for its correlated higher-albedo swirl mark-
ings (e.g., [10]). The angle of solar wind incidence at
Reiner Gamma ranges from nearly grazing to nearly
vertical depending on the time of the lunar day. The
angle of solar wind incidence at the lunar south pole is
always nearly grazing. Simplified ion trajectory calcu-
lations considering only the Lorentz force show that
protons with velocities near 400 km/sec (typical of the
solar wind) are deflected much more strongly and shield
a larger surface area at incidence angles of 40° or more
from the vertical (ref. 11; their Fig. 12). Anomalies
near the lunar south pole are therefore likely capable of
shielding large areas in their vicinities from most or all
of the ion bombardment. Future simulations using state-
of-the-art plasma physics models are needed to quantify
this further.
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