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Craters and their associated deposits provide a valuable means by which the properties of near-surface 
materials, particularly postulated sub-surface ice, may be examined (1). It is becoming increasingly a p  
parent that the presence of a tenuous atmosphere may also have influenced the cratering process on Mars 
(2,3). It is difficult to evaluate the importance of atmospheric volatiles, however, because of the likely 
presence of a planet-wide ground-ice (4 and references therein) which is thought responsible for many of 
the characteristics of large martian craters, including rampart ejecta and central pits (1,5). Recent theo- 
retical and experimental data (3) have further challenged the traditional interpretation of martian impact 
craters, having demonstrated the ability of atmospheric gases to produce fluid-like ejecta emplacement, 
and an evaluation of the importance of such processes on Mars from observational data is now required. 

In previous work a database of over 7000 impact craters within a region roughly centered on Elysium 
was created from Viking data and analysed to investigate the distribution of martian ground-ice within 
this region by the variation of ejecta mobility and morphology with crater diameter, geology, latitude 
and altitude (6,7). The research indicated that sub-surface ice is likely to influence ejecta morphology 
strongly: the concentration of the postulated ice apparently varies according to the geological situation 
of an area, while its near-surface limit is latitude-dependent. This interpretation is strengthened by the 
observed distribution of other potentially ice-related landforms in the region, and theoretical predictions 
of ice-stability. The ejecta of many small craters, however, indicate signs of fluid-flow emplacement, and 
possible altitudinal trends in the variation of ejecta mobility of small and large craters were detected. 
Further analysis of this database and the re-evaluation of a globally comprehensive crater database is now 
underway in order to achieve a comprehensive assessment of the relative importance of atmospheric and 
sub-surface volatiles in the cratering process on Mars. 
Conclusions from analysis of Elysium impact craters to date: 

The initial analysis of the Elysium database (covering longitudes 245O-155O and latitudes 20°S-45O N) 
demonstrated that the ratio of ejecta diameter to crater diameter increased with increasing crater diameter. 
When the characteristics of sub-sets of the data were examined it was apparent that this increase in the 
ratio of ejecta to crater diameter, and hence increase in the mobility of the ejecta during their emplacement, 
generally occurred as a discontinuity (or break-point) at different diameters for different sub-sets of the 
data. A statistical technique was devised to locate the onset diameters of the enhanced ejecta mobility for 
datasets sorted by latitude, altitude and geological unit of the craters. The gradients of the data below 
and above the located break-points were taken as a measure of the ejecta mobility, and the percentages 
of craters with certain morphologies smaller and larger than the relevant break-points were determined in 
each case. This technique allowed the characteristics of craters which excavated material from the upper 
and lower parts of the martian sub-surface to be considered independently, and thus enabled a detailed 
prediction of the location of sub-surface ice at different depths to be made. A clear latitudinal trend in 
the depth of sub-surface ice was apparent in this region, despite the diversity of the surface units and the 
inferred concentration of the postulated sub-surface ice was shown to be consistent with the distribution 
of other geological features. 

The importance of atmospheric and elevational variations was less clear, particularly since, in places, 
there were almost simultaneous variations in altitude and latitude. Within the Elysium study region there 
was some indication that craters of different sizes are differently influenced by the atmosphere, but further 
investigation is needed to verify and explain this observation. An important atmosphere-related implication 
arises from the observation that the various types of rampart ejecta occur at a wide range of altitudes, 
i.e., the formation of ejecta which shows signs of a fluid-like emplacement is not strongly influenced, or 
limited by the altitude of the target. This implies that either the atmosphere was previously more dense 
or that the flow-inducing processes are not highly critical upon atmospheric pressure. Alternatively, the 
results may indicate that any atmosphere-related emplacement mechanism within the region studied was 
negligible when compared with the ground-ice induced flow. 
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Caution must be exercised in extrapolating these observations to Mars as a whole, however, because of 
the complexity of the study region, its particular location, and the limited accuracy of the craters' altitude 
estimates. An examination of the crater characteristics of other areas of Mars where either latitudinal or 
altitudinal variations are limited will provide further information on the relative importance of the two 
factors. 
Current research on Elysium and global impact craters 

The extended analysis of the Elysium database is concentrating on the variations of the detailed char- 
acteristics of the more common morphological types of crater in order to evaluate existing models of their 
formation. Owing to the complexity of the region a natural extension of this investigation is to display the 
average morphological characteristics in a 2-D grid (of variable dimensions and minimum crater diameter) 
for all craters in the region in order to show their spatial distribution and onset diameters. This approach 
will highlight any unusual concentrations of particular crater characteristics which may have influenced 
the systematic analysis, and hence may either have contributed to or masked any altitudinal trend. 

It is important also to consider the global variation of impact crater characteristics. A major database 
by Barlow (e.g. 8) contains compatible data on the morphology, dimensions and latitude and longitude of 
all martian craters over 5 km in diameter. An estimate of the altitude of each crater will be incorporated 
into this database, using the geographical coordinates of the craters' locations and digital topographic 
data. This global crater database will then be analysed in a similar fashion to that used by Cave (6,7), 
which will allow the determination of underlying morphological trends in a wider variety of latitudes and 
terrain types. (The potential problem of the exclusion of the smallest craters from this global database will 
receive careful consideration, as it may not be possible to locate break-points accurately for all data sets.) 
To eliminate some of the ambiguity of the suggestions of altitude-related variations in ejecta morphology, 
the characteristics of craters will be examined as a function of altitude and of latitude for single, reasonably 
homogeneous geological units. 

Targeted studies of impact crater characteristics are also being carried out in regions of specific inter- 
est, such as volcanic regions (9), using the highest resolution Viking images. It is anticipated that the 
combination of local, regional and global studies will facilitate a comprehensive assessment of the relative 
contribution of atmospheric and sub-surface volatiles to the observed variations in martian impact crater 
morphology. 
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