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DEFLECTION OF SOLAR WIND IONS BY LUNAR MAGNETIC FIELDS: 
IMPLICATIONS FOR RESOURCE UTILIZATION, L. L. Hood, Lunar and Planetary 
Laboratory, University of Arizona, Tucson, Arizona 85721 

It is well known that solar wind implanted hydrogen and helium-3 in lunar soils are 
potentially usable resources for future manned activities. Hydrogen applications include 
manufacture of propulsion fuel and combination with oxygen (extracted from minerals such 
as ilmenite) to produce water. More speculatively, helium-3 may ultimately be returned 
to Earth as a fuel for future terrestrial fusion reactors. For economical mining of these 
implanted gases, it is desirable that relative concentrations exceed that of typical soils (e.g., 
ref. 1). It has previously been noted that the monthly variation of solar wind flux on the 
surface due to lunar immersion in the geomagnetic tail may have measurable consequences 
for resource utilization (2). In this paper, it is pointed out that, for a constant external flux, 
locally strong lunar crustal magnetic fields will exert the dominant influence on solar wind 
volatile implantation rates. In particular, the strongest lunar crustal magnetic fields will 
both deflect and focus incident ions in local regions leading to local enhancements of the 
incident ion flux. Thus, the most economical sites for extraction of solar wind implanted 
volatiles may be within or adjacent to strong crustal magnetic fields. In addition, solar 
wind ion deflection by crustal magnetic fields must be considered in evaluating the issue 
of whether remnant cometary ice or water-bearing minerals have survived in permanently 
shadowed regions near the lunar poles (3). This is because sputter erosion of water ice 
by solar wind ions has been suggested to be an important ice loss mechanism within 
permanently shadowed regions (4). Thus, permanently shadowed regions that are also 
shielded from the solar wind by locally strong crustal fields could be the most promising 
locations for the survival of cometary ice. 

Although the largest directly measured surface magnetic field was 327 nT at the 
Apollo 16 site ( 5 ) ,  it is likely that much larger surface fields exist elsewhere in regions of 
strong magnetic anomalies detected from orbit. Modeling of the latter suggests surface 
fields as large as several thousand nT (several hundredths of a gauss) in restricted regions. 
Direct surface measurements of incident solar wind ions were obtained at the Apollo 12 
and 15 landing sites where surface field amplitudes were only ~ 3 8  and ~3 nT, respectively. 
Nevertheless, at the Apollo 12 site, incident ions were observed to be decelerated by as much 
as 70 km/s and to be deflected in direction by <lo0 (6). We have previously calculated 
the deflection of solar wind ions by simulated lunar crustal magnetic fields for the purpose 
of investigating the origin of swirl-like albedo markings that are associated with many of 
the strongest lunar magnetic anomalies (7). It was found that significant deflections do 
occur and that local plasma voids are produced at the lunar surface. An example of one 
of these calculations is shown in Figure 1. This is a composite plot of surface intersections 
for protons with velocities of 400 km/s incident at 7 different angles of incidence ranging 
from 60°W to 60°E. A tabulation of the magnetic field source parameters and detailed 
description of methods is given in ref. 7. Note in Figure 1 that local concentrations of flux 
with enhancement factors as large as 3 or 4 occur, especially adjacent to shielded regions. 

In the calculations reported here, we have improved on our earlier work by accounting 
to first order for the compression (and consequent local amplification) of crustal magnetic 
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fields by the incident solar wind. The net effect is a slight increase in the deflection of ions 
as compared to that which would occur in the absence of field compression. The field com- 
pression arises due to the fact that ions and electrons are deflected in opposite directions 
by the crustal field so that a net current is produced. This boundary current amplifies 
the horizontal component of the crustal field and tends to reduce any vertical components 
of the field. The situation is analogous to that which occurs at the magnetopause of the 
terrestrial magnetosphere. For computational simplicity, the current layer boundary is 
assumed to be planar and is located at a vertical distance where the compressed magnetic 
field energy density is equal to the nominal solar wind dynamic pressure. Crustal field 
sources are represented by buried dipoles. The compressed field amplification is estimated 
by adding to the crustal field the field of an image dipole at altitudes less than the pressure 
balance altitude. Results provide further support for the conclusion that the strongest lu- 
nar crustal fields can completely deflect and also concentrate the incident solar wind ion 
flux in local regions. 
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