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The influence of target properties on the shape of impact craters contin- 
ues to be a major problem area of planetology (1-5). Mars is of special in- 
terest in this respect because its crustal rocks, evidently saturated by vola- 
tiles (6-81, have engendered unusual features in the craters. While partici- 
pating in an inventory of impact craters on Mars, I syst~matically examined 
the morphology of fresh craters for which rim-to-floor depth (d) and rim dia- 
meter (Dl could be measured from Viking Orbiter data. The first results of 
this inventory have been published for craters where d/D data were extracted 
by a detailed photometric technique (9). Related results for craters whose 
d/D measurements come from photogrammetry have appeared more recently (10). 
This note presents the first results of my most extensive survey to date of 
martian craters, those whose depths I measured from shadow-lengths on Viking 
Orbiter prints. 

The 230-crater sample reported on here resulted from a systematic perusal 
of every "A" and "B" frame in the Menlo Park file in January 1979. Criteria 
of crater selection included freshness of form (except for small craters, 
presence of an ejecta blanket), sun angles usually between 15 and 25 degrees, 
sun azimuth less than 2 or 3 degrees from due west, clear evidence of either 
ballistic or flow textures in the ejecta, and morphology of the interior 
clear enough for an unambiguous classification as either simple or complex. 
The definition of a simple crater is fairly conservative here, and requires a 
sharp rounded shadow tip on a clearly featureless crater bottom. Virtually 
any departure from this elementary form identifies a crater as complex. 

Depth/diameter results (Table 1) for all 230 craters (graph not shown 
here) are roughly comparable to those of (9) and (10). Figure 1 and Table 1 
give the d/D results for cratered terrain units (Noachian) vs. plains units 
(Hesperian and younger) shown on the Geologic Map of Mars (11). The d/D for 
complex craters in cratered terrain slopes at a substantially steeper angle in 
Figure 1 than does d/D for craters on the plains, but the great scatter for 
both complex-crater subsets prompts caution about rushing to geologic conclu- 
sions. Data on simple craters show that those on plains are 5% deeper than 
those elsewhere, Although the 2 fits differ by so little and the simple-to- 
complex inflection occurs at the same d/D (well deflned at about 3 km D), 
there is a marked difference: Simple craters on the plains extend well beyond 
the inflection diameter, to about 10 km Dl but such large simple craters are 
wholly absent in cratered terrains. One explanation for this contrast might 
be significantly greater strength--perhaps unrelated to volatile content of 
crustal rocks--for plains-forming materials over those of cratered terrains. 
I conclude that whereas gross terrain type--or rather the physical character- 
istics it represents--does not markedly affect d / ~  proportions per se for 
simple craters on Mars, it is perhaps the crucial factor in determining the 
upper size limit for simple craters. 

Presence of impact ejecta that show evidence of emplacement by flow on 
Mars depends strongly on crater size. My data (Figure 2) agree with those of 
Boyce (12) that craters less than about 4 km across tend to have ballistic 
ejecta, whereas larger craters have characteristics that indicate nonballistic 
surface flow. There is similar overlap in ejecta type for both terrain types, 
generally between crater diameters of 2.5 km and 6 km, around the median value 
of 4 km. The ballistic-vs-flow dichotomy in ejecta texture is not identical 
with the simple-to-complex contrast, however, even though the two types of in- 
flections occur at essentially similar crater sizes: Most craters over 2.5 km 
across on plains units show evidence of flow regardless of whether they are 
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simple or complex. This suggests that whatever controls ejecta texture does 
not control formation of simple craters over 4 km across. 

Data in Figure 2 also suggest, tentatively, that there may be an upper 
size limit to flow-ejecta impact craters on Mars, perhaps at a diameter of 
about 80 km. A 4 km to 80 km size-range may reflect a balance between vola- 
tile content of layered target rocks (and depth of volatile-rich strata) and 
heat energy released by impact. In craters less than about 3 km across, 
volatile-rich strata may be too deep to be tapped by the impact, whereas in 
craters over 80 km across volatiles in this layer may be entirely vaporized by 
the great amounts of energy available (the volume of ballistic ejecta would be 
much greater than that of flow ejecta, and flow features would be obscured by 
ballistic ejecta). Thus, in neither very small nor very large craters does 
flow ejecta become important. In the diameter range 3 km to 80 km, however, 
the balance between mass and depth to concentration of target volatiles and 
energy level of impact may be just right to generate the geomorphic charac- 
teristics that have been attributed to fluid flow. 
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Table 1 

Least-Squares Fits to Depth-Diameter Data for Fresh Impact Craters 
on Mars 

Craters Source N 

All Simple 1 21 
All Complex 1 41 
All Simple 2 49 
All Complex 2 8 
All Simple 3 125 
All Complex 3 105 
Simple: Plains 3 102 

Simple:iCratered terrain f 3 23 

Complex: Plains 3 51 

Complex : terrain Crateredl 54 

Y- ' cept 
0.187 
0.456 
0.162 
0.410 
0.204 
0.415 
0.206 

0.195 

0.467 

0.396 

+ S.E. 
0.039 
0.098 
0.044 
0.047 
0.025 
0.063 
0.024 

0.028 

0.065 

0.058 

- S.E. 
0.032 
0.081 
0.035 
0.043 
0.022 
0.055 
0.021 

0.024 

0.057 

0.050 

Slope 

0.962 
0.348 
1.003 
0.330 
1.019 
0.395 
1.017 

0.999 

0.334 

0.423 

S.E. 

0.064 
0.068 
0.063 
0.090 
0.008 
0.016 
0.009 

0.024 

0.023 

0.020 

-- - -- 

I Pike and Arthur (1979), photometric shadow lengths (data only). 

' Pike et al. (1980), photogrammetry. 
This paper, shadow lengths on V.O. prints. 
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