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Introduction 
The style(s) of eruption of Martian volcanoes has been a topic of general interest for a 

number of years, not only because an understanding of the process aids in the interpretation of 
the landscapes seen in Viking Orbiter images ( 1 ) ,  but also because it is likely that volcanism 
had a major influence on the short-term (<1,000 years) atmosphere and climate of Mars (2  
- 4). In particular, the debate over whether Martian volcanoes experienced explosive or 
effusive eruptions, and had high or low effusion rate eruptions has been the focus of several 
recent studies. In many cases, it is the morphology of the volcano flanks that has been used to  
distinguish between explosive and effusive activity. The presence of lobate flows is used as a 
diagnostic attribute associated with effusive activity (e.g., 1, 5). Absence of lobate flows and 
the occurrence of valley networks on the flanks (6, 7), or the occurrence of subdued or 
mantled areas close t o  the summit (8), are interpreted as signs of explosive eruptions. 

These observations typically relate on t o  the surface of the volcano, although the 
morphology of deeply incised valleys on the flanks of volcanoes such as Tyrrhena Patera (9, 
10) can also be used t o  infer the 3-D characteristics of the volcano. With the realization that 
Alba Patera (1 1) and Apollinaris Patera (1 2) may have had different types of eruptions 
during their lifetime, it is relevant t o  consider whether other volcanoes also experienced an 
evolution in their activity during their growth. One way that such a hypothesis may be 
addressed is t o  use the morphology of impact craters on the flanks of the volcano t o  search for 
differences in the physical properties of the target. Also, because the crater rim and ejecta 
blanket of each crater form topographic obstacles when the craters are fresh, i t  may also be 
possible t o  constrain the origin or emplacement process of features and deposits on the 
volcanoes. This might be particularly useful when considering the formation of the valley 
networks either as density currents (6) or as valley networks formed by sapping (1 1, 13). 

This analysis includes the study of many of the Martian volcanoes. Following the recent 
analysis by Robinson (1 4) the volcanoes included in the category of effusive volcanoes (ones 
with lava flows) are Biblis, Uranius, and Ulysses Paterae, and Tharsis and Albor Tholi. 
Volcanoes that probably experienced explosive eruptions include Ceraunius, Uranius and 
Hecates Tholi, and Apollinaris, Tyrrhena, Hadriaca Paterae. Alba Patera and Elysium Mons 
are also included in the "effusive" category. 

Impact Craters on I ava Flows; 
I t  is likely that altitude affects the morphology of impact craters (1  S), so that parts of 

very high Martian volcanoes such as Olympus Mons may possess craters with a different 
morphology at elevations of a few kilometers compared to  those craters near the summit area 
at >-I 5 km above Mars datum. However, even at elevations of 3 - 8 km above Mars datum 
(i.e., comparable t o  the heights of the volcanoes that lack lava flows), the impact craters 
formed in lava flows display subtle differences in morphology. Central structures (pits, 
swirls, terraces) are more common on lava flows than other materials for a given crater 
diameter, and the ejecta lobes have a more complicated, multi-layer appearance. The 
numerous impact craters that are found on the mid-level flanks of Elysium Mons (1  6) 
provide fine examples of this type of crater morphology. 

l m ~ a c t  Craters on Fx~losive Volcanoes 
Numerous moderately fresh impact craters in the diameter range 3 - 10 km are found on 

the flanks of Hecates Tholus (8). The most prominent characteristics of these craters is that 
their interiors lack terraces or central peaks, and that many are relatively shallow with flat 
floors compared t o  comparable diameter craters on ridged plains materials (1 7), which are 
believed t o  be lava plains. Exterior deposits for impact craters on Hecates and Ceraunius 
Tholi are typically single, continuous lobate deposits with a low distal rampart. 
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Impact Craters as Obstacles; 
Ceraunius Tholus and Hecates Tholus have some of the best examples of craters that have 

influenced valley network formation on Martian volcanoes. Both Mariner 9 (B-frame MTC 
4271-51) and Viking Orbiter (51 6A24; 200 m/pixel) images of the northern flank of 
Ceraunius Tholus show the relationship between relatively young valleys and an older, 
elongate (34 x 18 km) impact crater. Ejecta lobes from the crater rise >14 km up the flanks 
of the volcano. These ejecta lobes have distal ramparts, and so should have been sufficient 
obstacles t o  divert water flowing on the surface. In two places, these lobes are cut by valleys 
1.1 and 1.8 km in width. Surprisingly, the distal portions of these valleys have very small 
"delta deposits", implying that the total discharge volume was very small. Higher resolution 
images (662A54 - 61; 35 m/pixel) of Ceraunius Tholus and Hecates Tholus (86A39 - 43; 
40 m/pixel) show that valleys on these volcanoes often cut crater rims and ejecta blankets. 
Very high resolution images (445B17/18; 9 m/pixel) of the flanks of Alba Patera show only 
one example of a crater that may have diverted a valley during its formation. 

 conclusion^ 
Impact craters on Mars probably excavated t o  depths of 0.05 - 0.2 of their diameter, 

based on laboratory experiments and terrestrial field data (1 8, 19). Thus, many impact 
craters on Martian volcanoes excavated material t o  depths of several hundred meters to  
perhaps more than a kilometer. I t  would therefore be expected that any layers with markedly 
different properties (e.g., ash layers buried beneath younger lava flows) would produce 
unusual ejecta morphologies or interior features. From this preliminary investigation, no 
such differences can be found that can be confidently attributed to  such layers on the volcano 
flanks. I t  therefore seems likely that the surficial materials, either lava flows or ash 
deposits, characterize much of the recent (but buried) activity at each volcano. 

The role of craters as topographic obstacles raises more questions than answers. For 
example, the elongate crater north of Ceraunius Tholus has had both its ejecta blanket and rim 
crest over-run by material that carved the valleys on the north flank of the volcano. This 
implies a fast moving, large volume, flow; and yet only very small distal deposits are found 
within the crater. A few craters on Hecates and Ceraunius Tholi have had their down-slope 
rim crests eroded by valleys, suggesting that valley formation took place a significantly long 
time after the formation of the flanks. However, because all of the distal portions of the 
valleys on Hecates Tholus are buried beneath the adjacent plains materials (8), this episode of 
valley formation must have been soon after the formation of the flanks. A few lobate deposits 
downslope of the valleys on Ceraunius Tholus can seen (e.g., frame 662A58), suggesting a 
more protracted period of valley formation on this volcano. Further analysis of these impact 
craters and valleys, as well as comparable studies for other Martian volcanoes (e.g., Uranius 
Tholus), may help resolve the process by which the valleys were carved. 
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