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Remanent magnetism in lunar samples and the presence of lunar magnetic 
anomalies show that at least the outer portion of the Moon was magnetized 
early in lunar history. The origin of the magnetizing field is unknown. 
Theories of its origin fall broadly into two groups: internal origins, includ- 
ing core dynamos ( I ) ,  primordial magnetization of the lunar interior (2), and 
local sub-surface dynamos (3); and external origins such as impact events ( 4 , 5 ) ,  
and thermoelectric effects in lava basins (6). Measurements of the global 
lunar magnetic dipole moment (7) are insufficient to tightly constrain the 
theories (8),  but if the lunar paleointensity measurements which give ancient 
fields on the order of 1 Oe are correct, then the primordial magnetization 
theory can probably be ruled out (9). 

Recent data (10,11,12) on the magnetization of several samples from the 
Apollo 17 Station 2 Boulder 1 at the Taurus-Littrow region of the moon suggest 
that a secondary magnetization was imprinted during the low-temperature (-450'~) 
assembly of this breccia boulder, overprinting the more stable high-temperature 
magnetization acquired by the mineral and lithic fragments during their original 
formation. Such evidence points to an impact origin for some part of the 
magnetization. Although little is known about the magnetic effects of hyper- 
velocity impact, remanence can be acquired through shock if a magnetic field 
is present (13,14). If loca magnetic fields can be am lified during an 3 ! impact process to the lo4-10 Y levels (1Y = l G 9 ~  3 10' Oe) indicated by the 
paleointensity work, as first suggested by Hyde (4), or perhaps spontaneously 
generated in the event, then the role of shock remanent magnetization (SRM) in 
lunar magnetism would be clearer. 

Nuclear explosions at the earth's surface generate plasma fireballs at 
ground zero, which exclude the local geomagnetic field during their expansion 
and thus increase the field in surrounding areas (15). However, this magnetic 
field increase is only on the order of the ambient field value, which is not 
sufficient to give the required 1000-fold increase above the largest known 
(-400Y) local fields on the moon (16,17,18,19). Gold and Soter (5) propose 
that cometap impacts could produce momentary lunar surface fields on the 
order of 10 -lo5 Y, but the low probability of such collisions (even using .. 
Opik's (20) higher estimates) suggests that another impact mechanism must also 
have operated to account for breccia magnetization and the widespread, chaotic 
magnetic anomalies on the moon. It is proposed here that hypervelocity 
meteoroid impacts spontaneously generate large, momentary ma netic fields as 

17 -9 a result of the high specific power densities (l0~~-10 W m  ) and subsequent 
plasma production in these events. 

Wetherill (21,22) argues that the late heavy bombardment of the moon was 
characterized by mean impact velocities of at least 8 kmlsec, with some veloc- 
ities above 10 km/sec. The mean velocity for more recent impacts may be even 
higher, say 20 kmlsec (23). Laboratory exper ments with micrometeoroid 
impacts at such velocities (24) show that 10-t-10-2 of the projectile mass is 
ionized during the event, for this velocity range. Even with the additional 
ejecta from the target material, large parts of this gas, plasma and dust 
cloud will be electrically highly conducting (25). In regions where the 
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ionization equals 1% or more, the material is taken as "fully ionized" from 
a magnetohydrodynamic (MHD) standpoint, and an MHD model can then be used to 
describe the fields. 

A simplified expression (26) for the evolution of the total field 2 in 
the impact is 

where is the mass flow velocity, is the ionized mass density, T is the P e 
electron temperature (generally much higher than the ion temperature?, q is the 
bulk (Spitzer) electrical resistivity, k is ~oltzmann's constant, p is the 
magnetic permeability of free space and e is the electron charge. ?his 
expression is a combination of Faraday's law and a generalized Ohm's law, and 
assumes that 2 is small so that the mass motion determines the field geometry. 
The change in a is thus due to three effects: convection of the initial field 
by the flow, proportional to X x a ;  diffusion of through the medium, propor- 
tional to ~ Q X & ;  and the generation of electrical currents by spatial gradients 
in electron temperature and number density, proportional to gT x ED,. This 
last term, which is basically a description of the inhomogeneit?es in the 
expanding plasma of the impact, is the source of the spontaneous magnetic 
fields in this model. 

Three distinct current systems can be readily identified. Plume currents 
(fig. la) arise due to the runaway of hot electrons in the vertical direction, 
together with the upward convection of the plasma. The magnetic field b 
associated with the plume is toroidal in configuration, and is confined7 
entirely to the plasma. Sheet currents (fig. lb) arise from lateral plasma 
variations, have no preferred azimuthal orientation, and produce a poloidal 
field B with moment vector in the plane of the surface. Sheet currents will 
arise if the impact area contains lateral variations in chemical composition, 
which are rapidly translated into variations in plasma electron number density 
during the vaporization and ionization (27). Lastly, bowl currents (fig. lc) 
will flow if the impact occurs in a chemically layered medium, so that vertical 
gradients of number density are produced in the presence of the strong radial 
temperature gradient. The resultant fields circulate within the crater, and 
azimuthally in the plasma cloud as the expansfon moves the charges upward. 
Note that both and B penetrate the solid regions beneath and around the 

S 
crater. The total magngtic field a is thus = B +B +b +b +b to first 
approximation, where & is the ambient external 7. gTRso%r GfndTc field and 
B is the local remanent field at the impact point. 
"R 

Although spontaneous fields have not yet been observed in impact experi- 
ments, plume fields have been observed in several laser-target interaction 
experiments (28,29,30). Although the physical processes of ionization and 
plasma heating would differ somewhat in laser experiments from those processes 
in hypervelocity impacts, the scaling laws suggest that similar effects will be 
observed if the specific powers on the targets are equal. For a projectil 

1 8  
5 of density p nd velocity V the average impact power is on the order of pV , or 

1015 - 5 x 10 ~ m - ~  for 2.0 5 p L 6.0 g cm-3 and 8 < V 20 kmlsec. Laser-target 
experiments in this power range produce maximum plume fields of 100-1000 Oe 

8 (lo7 - 10 Y) , with durations governed by the plasma expansion time. No attempts 
were made to measure the other possible components of spontaneous magnetic field. 
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These theoretical arguments, together with tantalizing results from laser 
experiments, suggest that very large but short-lived spontaneous magnetic 
fields could be generated in sufficiently energetic impacts. A discussion of 
the appropriate remanence mechanism is equally as speculative, but both 
thermoremanence (TRM) and SRMmay be acquired by the solid ejecta as this 
material moves through or is emplaced in the local fields. 
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Fig.1: three spontaneous electrical current and magnetic field 
patterns in the plasma cloud of a hypervelocity impact. 
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