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During the last six years the author, together with several colleagues, has been carrying out a 
series of numerical investigations of the Giant Impact theory for the origin of the Moon (1-4). In 
no sense has this been developed into a complete theory, since all the investigations so far have 
concentrated on finding conditions in which a disk comprised principally of rock could be placed 
into orbit about the Earth, within a relatively narrow range of angular momentum constraints, 
and no attempt has been made to simulate the evolution of this disk to understand the details of 
the postulated lunar formation process. 

In the most recent publication (4) W. Benz and I reported on a series of 41 runs simulating 
the Giant Impact with a variety of imposed parameters. A general conclusion reached at the end 
of these calculations was that the outer mantle of the impacted Earth was heated so much that not 
only would the primitive atmosphere hydrodynamically escape, but so would substantial amounts 
of vaporized rock The loss of the rock can also carry away large amounts of angular momentum; 
the process was therefore termed the Giant Blowoff. This conclusion removed various constraints 
from our considerations; in particular, any impactor/protoearth ratio greater than about 0.2 and 
any angular momentum greater than about 1.2 times the present value for the Earth-Moon system 
can be considered candidate inputs for the Giant Impact. 

The 41 simulations reported in (4) used the technique of smooth particle hydrodynamics 
(SPH). Recent improvements in the SPH code were not used in order to keep all simulations 
comparable. The masses of all particles were the same and their extensions in space, or smoothing 
lengths, were also constant. Now these quantities can be varied and the smoothing lengths can 
be adjusted so that all particles have a few tens of neighbors with which they overlap. The 
performance of workstations has improved enough so that the number of particles used in a run 
can be considerably increased (I am currently using 10,000). Thus it appeared appropriate to 
extend the previous calculations. 

I report on a simulation using an extreme mass ratio: the collision of two half-earths, with 
an angular momentum 2.22 times that of the Earth-Moon system. The initial temperature of 
the colliding bodies was 2000 K; 31% of each of their masses was iron and the remainder was 
rock (dunite); the ANEOS equation of state (3) was used. The collision produced a bar-like 
distribution of matter that gradually approached axial symmetry as angular momentum was 
redistributed (no matter escaped directly, and the simulation will not handle hydrodynamic 
blowoff). Peak temperatures were less than found previously, but the bulk of the matter was 
more evenly heated. 

The most interesting results concern the rock vapor atmosphere produced in the collision 
(remember that this is just vaporized dunite; with real chemistry the results would be somewhat 
different). On the next page the top graph shows the distribution of density along three orthogonal 
axes. The XY plane is the plane of the collision; it may be seen from the density distributions 
along the X and Y axes that the central magma mantle has slightly different effective radii, 
showing that the bar-like distortion had not completely disappeared at the end of the calculation. 
The density distribution along the polar Z axis is everywhere smaller that that along the other two 
axes, demonstrating a rotational flattening. The average density in the XY lane is reasonably 4 well determined to beyond 30 Earth radii, at which point it is down to 10-I gm/cm3. 

On the lower left on the next page is a contour diagram in the XY plane. Contours are at 
unit intervals from 1 to 10 gm/cm3, except for the outer contour at 0.1 gm/cm3. The departures 
from axial symmetry are readily apparent. On the lower right is a contour diagram for the XZ 
plane with the same contour intervals; the rotational flattening is easily visible but not greatly 
pronounced. This small sample of the results indicates that the current series of simulations will 
provide a lot of interesting new information on the state of the circurnterrestrial environment 
immediately after the Giant Impact. The concept of a thin magma disk needs revision. 
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