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HYDROCODE RESULTS; H. J. Melosh , Lunar and Planetary Laboratory, University of 
Arizona, Tucson, AZ 85721, and M. E. Kipp, Sandia National Laboratory, Albuquerque, NM 
87185. 

The giant impact theory of the moon's origin has rapidly gained a degree of acceptance among 
planetary scientists because of its apparent ability to explain the major features of lunar 
geochemistry and dynamics (1). More refmed geochemical modeling, however, depends upon a 
greater understanding of the physics of planetary-scale impacts. This understanding can only 
come, at the present time, from detailed computer computation of the course of such an impact. 
Although the two-dimensional hydrocode models we have reported in the past are suggestive, full 
three-dimensional computations are needed to resolve many of the details of the putative collision 
between the protoearth and a Mars-size protopla.net 

We report here on four successful computations of the collision between a Mars-size 
protoplanet and the protoearth. These computations were performed with a three-dimensional 
hydrocode called CI'H, which was developed at Sandia National Laboratories over the past two 
years. CTH is an Eulerian continuum code that is capable of resolving the details of jetting and 
vaporization in the collision. It runs on the Sandia Cray VXMP, and utilizes the new solid-state 
disk to handle the large number of variables in this problem. Zone sizes are cubes approximately 
200 km on a side, so very fine resolution was obtained, although at the cost of employing several 
million zones in the overall computation. The numerical equation of state ANEOS was employed, 
and it was assumed that the planets' mantles are composed of dunite and their cores of liquid iron. 
The initial temperature and pressure distribution in the protoearth was modeled on the present 
distribution, although the 2-D runs previously performed (2) showed that the results depend only 
slightly upon these initial conditions. 

The major simplifcation we had to make was to treat gravity as a purely central force: full self- 
gravity is beyond the reach of the present code. We do not believe this is a major source of e m  in 
the early part of the computation, as gas pressures and accelerations greatly exceed gravitational 
forces, but it may become important later on. During the course of our computations most of the 
initially vaporized material condenses, so ballistic extrapolations using self-gravitation may be 
performed on the code's output. This work is currently in progress. Although the smoothed- 
particle-hydrodynamic (SPH) code of Benz et a1 (3) can handle self-gravity more efficiently than 
conventional hydrocodes such as CI'H, such SPH codes do not deal with pressure gradients well, 
so that we feel that the computations presented here provide a better picture of the early-time (about 
the fmt half-hour) events in a planetary collision that the current SPH computations can. 

The four computations reported were perfarmed for two approach velocities, 0 and 7.8 kmtsec, 
and at impact parameters of 0.88 R,, 1.25 R, (0 kdsec) and 0.59 R,, 1.25 R, (7.8 kmlsec). The 
impact parameters 0.88 R, and 0.59 R, were chosen because a Mars-mass impactor at these impact 
parameters impart the present anguIar momentum to the earth-moon system. R, is the radius of the 
earth. The figures below illustrate temperature contours across the midplane (symmetry plane) of 
the collision at a time when the plume is fully developed Compared with the older 2-D 
computations the 3-D models show, as expected, somewhat lower peak pressures and 
temperatum. Whereas the 7.8 kmlsec impacts in 2-D developed a very high-speed plume, most of 
which escaped the earth, the present 3-D results produce a plume which travels at less than escape 
velocity and which may thus incmse the amount of mass that eventually enters a closed orbit about 
the earth. We also find a surprising amount of material ejected to the sides, although this result is 
in at least qualitative agreement with an earlier analytic model of jetting (4). The major results of 
this simulation will be displayed at the conference in the form of color computer graphic images of 
the plume at 100 second intervals out to times of about 2400 seconds from the impkt 
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