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The distribution of impact crater characteristics and a number of other features imply the previous 
presence of ground-ice a t  depth within the Elysium lavas (unit Aell [I]) and nearer the surface of the 
hummocky deposits to the northwest of Elysium Mons (unit Aels [1])(2,3). It has been suggested that 
the inferred ice-distribution resulted from the concentration and subsequent redistribution of ground-ice 
(which possibly included an amount of juvenile water) as a consequence of local volcanic activity (2). In 
order to investigate this hypothesis further, and to determine whether the impact crater characteristics 
are unique to the Elysium province, a survey of impact crater morphology on all major martian volcanoes 
is in progress. 

Ice in the Elysium volcanic region 
Craters exhibiting central pits, double ejecta, partial extra ejecta lobes, jagged edges and high ejecta 

mobility may indicate the presence of ground-ice at the t ime  of their forna t ion  (4). High proportions 
of these features generally occur in large craters (of over 9.4 km in diameter) within Elysium lava unit 
(Aell), suggesting that substantial quantities of ice were present a t  depth. In comparison, the near-surface 
layers of this unit appear relatively ice-poor: in particular, radial ejecta craters and a low average ejecta 
mobility are associated with Elysium Mons itself and areas immediately surrounding the construct (2). 
Further evidence suggesting the presence of an ice-rich layer capped by ice-poor material is provided by 
the signs of chaotic breakup of the surface to the west and north of Elysium Mons, and the concentration 
of outflow channels to the northwest. In addition, the deposits associated with these channels have been 
shown to be rich in ice (2), and to have morphologies consistent with their emplacement as lahars (5). 
Within the region studied here, with the exception of Hebrus Valles, the channels with Lowland sources are 
closely associated with Elysium Mons. This work has provided further evidence that this association is not 
coincidental, and strongly suggests that, in the case of this volcanic province, juvenile water contributed 
to the formation of a substantial sub-surface ice reservoir. 

Implications for other martian volcanoes and crater formation 
The strong correlation between the impact crater characteristics and the individual Elysium volcanic 

units is of relevance to the interpretation of the nature of volcanic materials and the causes of various 
impact crater morphologies. In particular, it is difficult to determine if the observed differences in crater 
morphology are due to a variable concentration of ice in differing geological situations or whether the 
physical nature of the rock could itself influence the ejecta range. While the interpretation that the 
morphological characteristics of small craters on the Ae13 unit are the result of impacts into near-surface 
ice-rich deposits appears reasonable, it must be remembered that this rock-unit may have been particularly 
friable, and as such may have been strongly affected by atmospheric emplacement mechanisms (6) or other 
causes of fluid-like emplacement of ejecta (4). It is important, therefore, to consider the nature of impact 
craters on other martian volcanoes, and their associated deposits, some of which may have similar physical 
properties to the Elysium geological units. 

The martian volcanoes are potentially useful targets for the detailed analysis of target nature implica- 
tions for the formation of impact craters owing to their restricted size (each covering a limited range of 
latitude) and relatively homogeneous composition when compared with more expansive geological units. 
In addition, the volcanic constructs are of varied age, eruptive style and geographical location (7), which 
will enable useful comparisons between individual volcanoes, and types of volcano to be made. A com- 
prehensive analysis of the characteristics and dimensions of impact craters on all major volcanoes is now 
underway using a classification scheme and techniques developed by Cave (2,3). The analysis will include 
all impact craters of 2 km diameter and over, and will simultaneously consider general and small-scale 
characteristics of the volcanoes. The project aims to determine whether target material (such as lava and 
ash deposits), the possible presence of ground-ice, volcano age, latitude or altitude has had the greatest 
influence on both interior and exterior impact crater morphology. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



228 LPSC XXV 

IMPACT CRATER MORPHOLOGY ON MARTIAN VOLCANOES: J.A. Cave et d. 

This approach will yield information on whether the nature of the rock or the depth and concentration of 
subsurface ice is the more important in determining the resultant crater morphology, and will also address 
the potential importance of volcanic activity in the generation and evolution of martian ground-ice. 
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