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FRACTAL DIMENSIONS OF RAMPART IMPACT CRATERS ON MARS; Delwyn 
Ching, G. Jeffrey Taylor, Peter Mouginis-Mark, and Barbara C. Bruno (Planetary 
Geosciences, Dept. of Geology and Geophysics, University of Hawaii, Honolulu, HI 96822). 

Introduction. Ejecta blanket morphologies of Martian rampart craters may yield 
important clues to the atmospheric densities during impact, and the nature of target materials 
(e.g., hard rock, fine-grained sediments, presence of volatiles). In general, the morphologies 
of such craters suggest emplacement by a fluidized, ground hug,oing flow instead of ballistic 
emplacement by dry ejecta (1,2). We have quantitatively characterized the shape of the 
margins of the ejecta blankets of 15 rampart craters using fractal geometry. Our preliminary 
results suggest that the craters are fractals and are self-similar over scales of = 0.1 km to 30 
krn. Fractal dimensions (a measure of the extent to which a line fills a plane) ranges from 
1.06 to 1.31. No correlations of fractal dimension with target type, elevation, or crater size 
were observed, though the data base is small. The range in fractal dimension and lack of 
correlation may be due to a complex interplay of target properties (grain size, volatile 
content), atmospheric pressure, and crater size. The mere fact that the ejecta margins are 
fractals, however, indicates that viscosity and yield strength of the ejecta were at least as low 
as those of basalts, because silicic lava flows are not generally fractals (2). 

Methodology. Craters were selected from different areas on Mars to obtain a variety 
of target materials, crater sizes, locations, and elevations. Ejecta margins were digitized from 
enlarged images, and fractal dimensions were calculated by the ruler or structured walk 
method. Fractal dimension, a measure of power-law scaling, can be calculated from (e.g., 4): 

L(6)  = 6 where L(6) is the length of the perimeter of the ejecta margin, using a ruler of 
length 6. D is the fractal dimension. When log L(6) is plotted versus log 6, the slope is 1-D. 
Such plots are called Richardson plots. 

Results and Discussion. A typical Richardson plot is shown in Fig. 1; the good fit to 
a line (R2 = 0.96) indicates self-similar, hence fractal, scaling. Fractal dimensions @) 
measured on 15 ejecta margins range between 1.06 and 1.31. There is no obvious relationship 
between D and target type (Fig. 2), elevation (Fig. 3), or crater diameter (Fig. 4). 
Nevertheless, we can draw some preliminary conclusions about emplacement mechanisms. (1) 
The fact that ejecta margins of rampart craters appear to be fractals probably indicates that the 
material behaved as a low viscosity fluid with small yield strength. This interpretation stems 
from the observations that basalt lava flows are fractals (5), whereas more silicic flows (hence 
more viscous flows with significant yield strengths) are not fractals (3). Thus, rampart and 
lobed ejecta were not emplaced like terrestrial debris flows with high yield strengths, a 
conclusion reached previously (1, 6,7). (2) The fractal margins of rampart craters give some 
hints about the internal processes operating during ejecta deposition because, in general, fractal 
shapes are produced by nonlinear processes. Thus, the fractal nature of the margins of 
rampart crater ejecta blankets is consistent with the idea that turbulence (a highly nonlinear 
process) in entrained atmosphere plays a key role in ejecta emplacement on Mars (2). (3) The 
lack of a simple correlation between fractal dimension and target material, elevation, and 
crater size (Figs. 2-4) indicates that the final crater shape results from a complex interplay of 
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target properties (including volatile content), crater size, and atmospheric pressure. A larger 
data base will allow a more thorough exploration of the effects of the variables, so some trends 
may become more apparent as we acquire more data. 
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Fig. 1. Richardson plot for Martian crater Fig. 2. Histogram of fractal dimensions of 
Arandus. Good fit indicates self-similar, or Martian rampart craters. Note the lack of 
fractal, scaling. correlation with type of target material. 
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Fig. 3. Plot of elevation vs. fractal dimension Fig. 4. Plot of crater diameter vs. fractal 

of the margins of Martian rampart craters. dimension. 
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