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The rate at which pressure, P, falls off with distance from the center of impact, r, is controlled 
by the geometry of the shock front, the physical nature of target and projectile, and the 
thermodynamics of release from high pressure. While numerical models of impact and explosion 
crater studies [I]  agree that attenuation rates are approximately P = r-2, analytical approaches [2,3] 
suggest much higher attenuation rates. Two assumptions at least are responsible: first, that an entire 
sphere of shocked material is maintained at uniform pressure; second, that the release adiabats of 
pressurized material are approximated by the Hugoniot of the target. Because fusion and vaporization 
efficiencies are strongly dependent on attenuation rates, it is no surprise that analytic models 
significantly underpredict melt and vapor volumes, with respect to numerical models. 

In this study, we employ the finite shell model suggested by [4,5] to determine attenuation rates 
with the hypothesis that the release adiabats are approximated by the Hugoniot. Attenuation rates are 
determined and compared with numerical results for impact into high pressure phase gabbroic 
anorthosite [I]. The hypothesis that melt and vapor production scale linearly with impact kinetic 
energy is also examined. Our attenuation rates agree better with numerical models, compared with 
previous analytic approaches [2, 31. However, because the Hugoniot is a poor approximation to 
release adiabats when vaporization is involved, melt and vapor production are underestimated by a 
factor of -2 [relative to 6,7]. Also, despite these differences in absolute production, near-linear 
dependence on energy is a feature of our model. 

Compression Stage. A one-dimensional impedance match [8] is used to determine the initial 
shock state. A linear shock-particle velocity equation of state (EOS) is used. The energy transferred 
into the target (both kinetic and internal) is partitioned into an initial isobaric sphere. This initial 
isobaric core is then centered at half of the depth of penetration of the shock in the target at the end of 
compression stage. 

Excavation Stage. The outer edge of the core expands radially outwards at the shock velocity in 
the target. Behind the shock front, and starting at the center of the core, a rarefaction wave travels 
outwards at the sound speed of the shocked material. The energy transfemed into the target is 
contained in the shell between these two waves. The growth of the shell is controlled by the relative 
velocities of the shock and rarefaction wave. A Mumaghan EOS, consistent with the linear shock- 
particle velocity EOS used in our impedance match and also consistent with [I], is used. Energy 
within the shell not lost to waste heat is conserved. Losses due to waste heat are calculated assuming 
the Hugoniot approximates the release adiabat, including a factor (O<AP)<l) that would relate our 
calculation of waste heat to the actual waste heat for realistic release adiabats. 

Attenuation Rates. We derive an expression for dPldr ( f o r e l )  that we integrate using a 
fourth-order Runge-Kutta method. Figure 1 compares our calculated attenuation rates with those of 
[I]  for the collision of an iron impactor with an anorthosite target at 5, 15, and 45 km/s. The 
agreement is general1 reasonable. However, our model predicts initially steeper rates that decline in 
the far field to P = r-{ the rate of loss in the elastic regime. The initially steep rates are due to over- 
estimation of waste heat. Because the discrepancy between Hugoniot and release adiabat is a function 
of the pressure at a given distance, applying a single correction factor f does not reproduce the same 
shape of the attenuation curve. We note that a better match to the 5 km/s curves is obtained when 
using the low pressure phase Hugoniot from [I]. 

Melt and Vapor Production. Distances to critical isobars (complete and incipient vaporization, 
complete and incipient melting) determine the volumes of vapor and melt. Fractions of melt and vapor 
between the complete and incipient isobars are calculated assuming linear mixing. Volumes are 
corrected for depth of penetration (i.e., truncation by the surface) and vapor volumes are subtracted 
from melt volumes. Figure 2 shows a plot of specific impactor energy normalized to energy of 
vaporization and fusion [from 61 versus normalized mass of vapor and melt. Impactor composition 
and velocity are varied. Velocities of 5 km/s (only slightly greater than the target's sound speed) were 
examined and no vapor and minor melt were found. Figure 2 demonstrates that a near-linear relation- 
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