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THE LOBATE FEATURES WEST OF EACH OF THE THARSIS 
MONTES, MARS: A RE-EVALUATION OF THEIR ORIGINS. 
Kenneth S. Edgett, Department of Geology, Arizona State University, Tempe, AZ 8.5287. 

On the W-NW side of each of the Tharsis Montes Shield volcanoes (Arsia, Pavonis, and 
Ascraeus) there is a large lobate feature. These lobes are among the youngest landforms in the 
Tharsis region [1,2,3], but their origins have not actually been determined Two main origins have 
been proposed: landslides [1,2,3,4,5] or glaciers [6,7]. By analogy with the Olympus Mons 
aureoles (an analogy which may, because of morphology differences, be incorrect), the lobes 
might also be subglacial volcanic deposits [8], ignimbrites [9], eroded remnants of plutons [lo], or 
eroded aeolian deposits with large, intruded sills [ll]. 

Examination of the best images of the Pavonis Mons lobe [12] and the Ascraeus Mons lobe 
[5] suggest two things: (1) that the terrains in these lobes are much more complex than other 
authors had noted previously [1,3,4,6,11]; and (2) several processes have probably contributed to 
their present morphology, including multiple episodes of deposition and subsequent erosion by 
aeolian and mass wasting processes. Because landsliding and glacial processes are most often 
cited as the probable depositional origins for these terrains, they are evaluated here. However, any 
explanation for the origin of the lobes must take into account both the similarities and differences in 
their morphologies, their approximately similar age [1,3], and the fact that all three occur on the 
western sides of the volcanoes. 

Glacial moraine deposits can sometimes appear to be quite similar to a landslide deposit, 
and vice versa, even in terrestrial field locations [ 13,14,15]. The main evidence for a glacial origin 
for the lobes comes from the following observations of the Arsia Mons lobe: (1) A lobate feature 
within the larger lobe partially buries subjacent grabens and it is similar to terrestrial rock glaciers 
in gross appearance; and (2) the distal edge of the lobe has "remarkably even and continuous 
ridges that parallel the margin," and these ridge5 resemble terrestrial recessional morraines [6]. 
However, unless polar wandering hypotheses 1161 are to be believed, there is little reason to 
suspect that glacierdicecaps could have formed these features, because: (1) They do not resemble 
landforms found near the polar caps. (2) They do not resemble proposed paleo-polar landforms 
[16]. (3) All three volcanoes occur within 15" latitude of the present equator. (4) The deposits 
occur at elevations from about 6 km to more than 10 km, where the present atmospheric water 
vapor content is very low [17]. (5) Finally, because these features seem to be among the youngest 
landforms in Tharsis [1,3], a glacial origin would require a very different martian climate at a 
relatively recent time in history. 

The possibility that the lobes are the result of giant landslides is supported by: (1) The 
general morphology of the lobes, ridged outer zone with hummocky inner zone, suggests a 
similarity to catastrophic terrestrial landslides (stunzstroms) [18,19,20,21]. Indeed, the manner 
inwhich the Pavonis deposit overlays the wide graben on the north side of the volcano also 
suggests a catastrophic deposition [2,12]. (2) The flanks of Arsia and Pavonis Montes adjacent to 
the deposits have very rough surfaces (relative to the rest of the volcanoes' flanks), suggesting a 
possible detatchment zone for a landslide [4]. (3) The Tharsis plains slope in a northwesterly 
direction, and this might explain why the proposed landslides only occur on the W-NW sides of 
the volcanoes [4]. However, several arguments can be made which suggest that these lobes are 
not giant landslide deposits. First of all, even the largest terrestrial sturtzstrom deposits [22,23,24] 
are much smaller than the Tharsis Montes lobes, and all of the documented martian landslides 
(mostly along the Olympus Mons scarp and in Valles Marineris) are also smaller than the Tharsis 
lobes [4,25,26,27,28]. Most catastrophic landslides on earth occur on slopes greater than 20" 
[29], the lowest slope reported for a subaerial slide is about 13" [30]. The Tharsis Montes shield 
volcanoes have very low slope angles, generally less than 5"; and the adjacent western plains slope 
only about 1/2" to 2". The only terrestrial catastrophic slides known to occur on low slope angles 
are submarine slides, such as those off the Hawaiian Islands [31,32,33]. Such slides are large 
enough to compare with the Ascraeus Mons lobe (90 krn long), as they are up to 150 km long. 
However, they are much more tongue-shaped than the Tharsis Montes lobes. In addition, a 
terrestrial submarine environment is very different from a martian subareal environment. 
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There are significant problems with the origins proposed for the Tharsis Montes lobate 
features, as suggested here and by Williams [ll]. A number of landforms in the Ascraeus Mons 
lobe suggest that there were several contributing processes; including a leveed channel and several 
other channels which indicate that material in the lobe has flowed (lava?), and the observation that 
the lobe is topographically lower than the surrounding plains along its northern margin [5 ] .  The 
same can be said for the Arsia and Pavonis Montes lobes. For example, (1) neither the landslide 
nor glacial origins adequately explain why the marginal ridges of the Arsia Mons lobe seem to pass 
undeflected through an impact crater and its ejecta [4,6] (VO image 42B35), and (2) there are some 
flow-like features (lava?) which seem to originate at fissures on the lower western flanks of 
Pavonis Mons, and these flow-like features make up the hummocky portions of the Pavonis Mons 
lobe (VO image 49B36). These arguments and examples point out the need to reconsider the 
origins of these lobate features in terms of multiple processes working to form them. Such work is 
complicated by the moderate resolution of the available Viking images of the lobes (list, below). 
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The Best Viking Orbiter Images Which Show The Tharis Montes Lobes: 

Ascr&eus Mons: Pavonis Mom: Arsia Mom: 

210A 7-10,56-59 090A 4.34 210A 43 
224A 85-87 210A 28,32 442A 1-9,21-29 
697A 4247.61-65 049B 32-41,55,72-80, 87-93 733A 1-18,51-64 
892A 7,9,23-26,30 042B 11-19.21-26,35-43 
05OB 24 043B 4244 

3873 20.22 (hi-res 31.9 mfpixel) 
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