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Introduction:  As reviewed recently by Lucey et al. 
[1], potential contributors of volatiles to the lunar sur-
face include the solar wind ion bombardment, volatile-
rich impactors, and interior outgassing.  In particular, 
solar wind hydrogen can react with lunar oxygen to 
form hydroxyl [2].  On the other hand, solar wind ion 
sputtering is one of several non-negligible loss mecha-
nisms for water ice in permanently shadowed regions 
(PSRs) near the lunar poles (e.g., [3]). The surface abun-
dance of hydroxyl is observed to be reduced in areas 
with strong surface magnetic fields (swirls), which de-
flect the ion bombardment [4].   

Previous estimates of the solar wind hydrogen flux 
onto the surfaces of lunar south polar craters have con-
sidered only the ambient solar wind flow and effects of 
topography [5].  Previous mapping has shown evidence 
for non-negligible magnetic anomalies over the south 
polar region (e.g., [6]).  Because of the low angle of so-
lar wind incidence near the lunar poles, even moderate 
magnetic anomalies may significantly deflect the ion 
bombardment [7].  It is therefore important to map crus-
tal fields in this area as accurately as possible and deter-
mine whether anomalies exist over PSRs.  Here, we ap-
ply a newly developed technique [8], which more accu-
rately maps the amplitudes and shapes of weaker anom-
alies. 

Mapping: The mapping method 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., [9]) 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 
65oS to 65oN [8].  Interpretation of the map supports the 
hypothesis that many lunar magnetic anomaly sources 
consist of impact basin ejecta that is enriched in iron 
from the impactor. 
      Figure 1 shows a map of the field magnitude in the 
southern hemisphere  (50oS to the pole) at 30 km alti-
tude produced using the new methodology.  Magnetom-
eter data from the Kaguya (KG) mission in 2009 ([6] 
and references therein) were employed because it had 
excellent low-altitude coverage under relatively quiet 
external field conditions.  The contour interval is 1 nT.  

To produce the complete map, 12 overlapping re-
gional maps, each covering 40o of longitude and 40o of 
latitude (50oS to the pole), were first constructed in a 
series of steps.  The first step was to examine all availa-
ble KG orbit segments to select only the best measure-
ments over each of the 12 regions.  This eliminated 
short-term field fluctuations of external origin.  To min-
imize longer wavelength external fields, quadratic 
detrending was applied.  Then the measurements were 
effectively normalized to a common altitude using an 
equivalent source dipole technique as described in [8].  
Finally, the 12 regional maps were joined together fol-
lowed by two-dimensional filtering to produce an effec-
tive horizontal resolution of about 75 km (~2.5o in lati-
tude).     

In addition to anomalies at southern mid-latitudes 
(50oS to 65oS) described earlier [8], a cluster of anoma-
lies with smoothed amplitudes exceeding 2 nT is present 
near the south pole.  

   

 
                                     Figure 1 
 
      The South Polar Anomaly Group:  The best prior 
map of the near-polar region is that of Tsunakawa et al. 
[6] at 30 km altitude.  Figure 2a below superposes their 
map at this altitude onto a topographic map [10] of the 
region.  Figure 2b superposes the map of Figure 1 (also 
at 30 km altitude) onto the same area to allow a direct 
comparison.  While the map of Figure 2a agrees quali-
tatively with that of Figure 2b, there are differences in 
detail which we believe are better mapped in Figure 2b.   

2102.pdf53rd Lunar and Planetary Science Conference (2022)



      The available KG magnetometer data over the south 
polar region were obtained at relatively low altitudes (as 
low as 15 km above the mean lunar radius).  It is there-
fore possible to apply the ESD solution to construct a 
map at a lower altitude than 30 km.  Figure 2c is an al-
ternate map evaluated at a constant altitude of 20 km.  It 
is similar to that of Figure 2a but the anomaly ampli-
tudes are larger.  In particular, relatively strong anoma-
lies are directly over several permanently shadowed cra-
ters including Shoemaker and Sverdrup.   

 Discussion and Conclusions:  Moderate magnetic 
anomalies are present directly over at least two perma-
nently shadowed craters near the lunar south pole.  
While these anomalies (and lunar magnetic anomalies 
in general) are too weak to shield future astronauts from 
biologically harmful cosmic radiation, they could assist 
in shielding these craters and any water ice therein from 
the solar wind ion bombardment.   

Filtered anomaly amplitudes at 30 km altitude are ~2 
nT, smaller than the amplitudes of the strongest lunar 
anomalies that are known to strongly deflect the ion 
bombardment (e.g., ~ 8 nT for the Reiner Gamma anom-
aly filtered to the same resolution; Figure 5 of [8]).  
However, as noted above, the very low angle of inci-
dence of the ion bombardment near the lunar poles 
could nevertheless make these anomalies very effective 
in reducing the ion flux in the surfaces of PSRs. Field 
amplitudes at the surface could easily exceed 100 nT. 
Future estimates of the solar wind hydrogen flux within 
permanently shadowed craters should therefore con-
sider deflection by crustal fields in addition to the am-
bient plasma flow and effects of topography.  
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