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MAGNETIC PROBING OF EARLY-TIME IMPACT PHENOMENA. D. A. Crawford and P. H. Schultz, 
Dept. of Geological Sciences, Brown University, Providence, RI 02912 and L. J. Srnka, Data Manage- 
ment and Interpretation Division, Exxon Production Research Co., Houston, TX 77001. 

Laboratory hypervelocity impact experiments conducted at the NASA Ames Vertical Gun Range 
have demonstrated that macroscopic hypervelocity (4.5 - 6 kmls) impacts can generate up to 2500 
nT intensity magnetic fields in low ambient field environments - typical of the ambient field found on 
the lunar surface[l]. Further experiments and analysis permit characterizing to first-order the im- 
pact-generated magnetic fields as a function of impact angle, velocity, and projectile and target 
materials. 

Hide (1972) suggested that weak ambient fields could be amplified by electrically conductive, 
impact-generated ejecta[2]. Smka (1977) proposed that magnetic fields could be generated with 
currents driven by non-aligned temperature and electron density gradients that must arise in the 
asymmetric, impact-generated plasma cloud[3]. In this simple approximation where we retain only 
the dominant source term[4], the time rate of change of magnetic induction can be written: 

where B is the total magnetic field, V is the plasma's fluid velocity, a its electrical conductivity, k is 
Boltzmann's constant and n, T and e are the electron number density, temperature and charge, 
respectively. The first term on the right of (1) represents convection of B due to fluid motion; the 
second, represents diffusion of B through the electrically conductive plasma; and the third, Is a 
source term arising when the electron temperature and density gradients are not aligned. 
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Fig. 1 Hypothetical asymmetric magnetic field produced by non-aligned electron tem- 
perature and density gradients during a non-vertical hypervelocity impact. This is a ver- 
tical slice of the impact-generated plasma with the projectile incident from the right. 

The magnetic field shown in Fig. 1 depicts a hypothetical non-vertical impact as the electron 
density and temperature of the impact-generated plasma is increasing (highest at the impact point). 
Since the temperature is dominated by the presence of neutral gas (100 to 1,000 times more abun- 
dant than ionized gas), there is no a priori reason to believe that it will be aligned with the electron 
density distribution; consequently we have constrained the temperature (T) to spherical symmetry, 
for clarity[5]. This simple model is based on two critical observations: 1) the field observed up- 
range of the impact point is lower than that down-range; and 2) the magnetic field far down-range 
typically has a polarity opposite to the field at the impact point. 

Figures 2 and 3 show the vertical component of the magnetic intensity observed below the im- 
pact point during laboratory hypervelocity impacts into powdered dolomite and silica sand targets, 
respectively, under low (-1000 nT) ambient field conditions. The first signal to appear is a large 
amplitude, short duration pulse (unresolvable) arising from the rapid production of plasma at the 
projectileltarget interface during first contact, perhaps related to the jetting process. The second 
signal is a negative pulse (shown prominently in Fig. 2) of relatively long duration (0.2 - 0.5 ms) 
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which may reflect continued plasma production/expansion. The third signal is a positive pulse (shown 
prominently in Fig. 3) of even longer duration (1 - 2 ms) that appears to be produced well after the 
projectikltarget energy transfer. Contrasting figures 2 and 3, we see that the target composition has 
a pronounced effect on the signal character. During the impact into dolomite (Fig. 2), the bulk of the 
plasma, indicated by the large negative signal, is apparently produced during the interaction of the 
projectile with the target. The width of this negative pulse may, therefore, provide a measure of the 
projectileltarget interaction time. The width of the late-time positive pulse shown in figures 2 and 3 
indicates that plasma is retainedlproduced near the impact region well after the time of impact. 

The simple theoretical model and the laboratory observations we have put forth suggest that 
magnetic anomalies produced by SRM or TRM in natural impact craters will most likely have a great 
deal of local asymmetric structure dependent on impact angle, the size of the impact crater and the 
timing of the remanence acquisition[l,6]. Characteristic differences in early-time impact-generated 
magnetic signals depending on impact angle, velocity and projectileltarget composition provide a 
new approach for probing the impact process. 
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Fig. 2 Vertical component of the magnetic field intensity measured 9 cm below the impact point of a 
0.64 cm Aluminum, 30°, 5.31 kmls impact into dolomite. (dashed line at time of impact). 

Fig. 3 Vertical component of the magnetic field intensity measured 11 cm below the impact point of a 
0.64 cm Aluminum, 30°, 5.19 kmls impact into sand. (dashed line at time of Impact). 
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