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Continuous cratering on planetary surfaces during the early history of the solar 
system has produced a surface mantle of fragmental debris. The extent of this debris 
mantle or megaregolith (1) and its subsequent survival depend on the environmental condi- 
tions of the planet and the time allowed for development. This paper presents a simpli- 
fied model of megaregolith formation as a function of time and examines the effects of 
various planetary environmental controls. The chief factors controlling the impact 
process involve properties of the bolide and properties of the planet. The meteor 
supplies energy for brecciation and excavation by virtue of its mass and velocity. 
Moderating factors that may be involved in the cratering process include the density, 
shape, or strength of the meteorite. The ultimate cratering efficiency is controlled by 
properties of the target-including target strength, gravitational attraction, and . 

atmospheric pressure. 
For a first approximation of the effects of cratering on a planetary surface, 

restraints are set to limit the initial conditions as follows: 
1. Uniform projectile properties (i.e. identical mass and velocity for all 

meteorites) 
2. Uniform initial target properties (i.e. tmiform gravity, hard target, no 

atmosphere, no active internal or external geologic agents) 
If impacts are allowed to accumulate on the surface, the following stages of surface 
alteration are inferred: 

Stage 0 - Initial Surface - no craters. 
Stage 1 - Unsaturated - isolated craters formed in hard target; original surface 

exposed between ejecta blankets. 
Stage 2 - Annuli Saturation (2) - continuous blankets of crater ejecta; no 

original surface exposed; thin surficialmantle of ejecta. 
Stage 3 - Surface Saturation (3) - crater saturated in respect to rim crest; 

hard rock septa between adjacent craters; irregular surfical mantle of 
ejecta. 

Stage 4 -'Subsurface Saturation - number of craters at a maximum; new craters 
form at the expense of pre-existing craters; bedrock septa removed; 
surfical mantle (megaregolith) reaches maximum thickness. 

The initial conditions imposed on the target by the model cannot be maintained 
during the accumulation of impacts on the surface. Impacts continually alter the surface 
producing a mantle of ejecta debris (megaregolith). The ejecta mantle is discontinuous 
in Stage 1, becoming continuous and thicker as impacts saturate the surface. Early 
impacts form craters in the hard bedrock of the target; later craters are formed in a 
stratified target (ejecta mantle over bedrock); and the latest craters are formed in a 
soft target (thick ejecta mantle or megaregolith). Changing target properties result in 
changing crater morphologies (4,5,6). Late stage craters are larger than early stage 
craters due to a large decrease in target strength by brecciation. Intermediate and late 
stage craters are complex craters due to the interaction of the shockwave with the 
megaregolith-basement rock interface at depth. 

The initial conditions hposed on the impacting meteorites do not exist in nature. 
Meteors possess varying energies because of differing masses and velocities. Variable 
impact energy does not greatly affect the model as proposed; rather, variable energy 
imposes a saturation-size term as the surface approaches equilibrium (3). Craters less 
than the saturation-size simply churn the surficial layer. Craters larger than the 
saturation-size may produce irregularities in the megaregolith-basement rock boundary. 
During the period of intense cratering in the early history of the solar system, the 
size distribution of craters was such that the saturation-size is not time dependent (7). 
That is, surface saturation (Stage 3) is reached at nearly the same time for large 
craters as for small craters. 
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Surface gravity tends to control the ultimate thickness of the megaregolith in 
Stage 4. Crater size is inversely proportional to gravity (8,9); hence, high gravity 
results in small craters. As a rule, the megaregolith of a mature (Stage 4) planet is 
thicker on a planet with low gravity and thinner on a planet vith high gravity. If, 
however, the planet is sufficiently small and impact velocities are high, a significant 
portion of the ejecta is accelerated to velocities in excess of the escape velocity (10). 
Thus, on small bodies, asteroids and small satellites, the resulting megaregolith may be 
thin or absent (11). 

An amosphere has an effect similar to that of gravity on crater size. Crater size 
is reduced as atmospheric pressure increases (9,12,13). In addition, an atmosphere has 
a screening effect as it blocks small meteors and reduces the velocity of incoming bodies. 
Hence, the presence of an atmosphere results in smaller craters and a correspondingly 
thinner megaregolith. If the atmosphere is sufficiently mobile, no craters survive 
erosion, and impact breccias are redistributed in the sedimentary cycle. 

Planetary tectonic or volcanic activity also affects crater survival, On active 
planets, the accumulation of a megaregolith is in competition with internal processes 
which may destroy the surface (subduction) or bury the megaregolith (plateau volcanism). 
Hence, on some planets, cratered surfaces are rejuvenated. 

The surface geochemistry, determined by remote sensing, is controlled by lateral 
variations of the primitive surface; lateral variations introduced by tectonic, volcanic, 
or erosional processes; and vertical compositional variations exposed by impact excava- 
tion. For the initial conditions set forth in this model, Stage 1 surface geochemistry 
would reflect variations, if any, of the primitive surface and vertical variations 
exposed by crater excavation. As the megaregolith forms and matures by continued impact 
gardening (baityloturbation), the surface approaches (however slowly or inefficiently) 
a uniform geochemistry (14). Local ancrmolies would be exposed by large, late impacts 
(basins) which might excavate below the megaregolith-bedrock interface. 

All planetary surfaces reach Stage 4 early in their history, but few bodies retain 
primative cratered surfaces. Most planets and satellites exhibit varying degrees of 
resurfacing or rejuvenation. Hence, the observed surface records cratering since 
resurfacing. Materials of early episodes of rejuvenation may be completely destroyed 
during continued high flux rates. Therefore, only those non-impact stratigraphies 
formed after high cratering rates are preserved. Depending on the inherent surface 
processes other than impact, the surviving stratigraphy may rest on a megaregolith (e.g., 
the Moon, Mercury), or if surface reconstructive processes are active, the megaregolith 
may not survive (e.g., the Earth). 
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