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Introduction: The Axius Valles (Fig. 1A) on the 

Malea Planum region’s (MPR) northern flank down 

into the Hellas basin are one of the most extensive and 

densest channel networks on Mars [1,2]. Previous 

studies tentatively interpreted the area as pyroclastic 
deposits dissected by sapped water/lahar flows likely 

mobilized by volcanic heat [3-8]. However, no detailed 

morphometric analyses and analog studies have been 

conducted so far.  

Here we present our preliminary findings on the 

Axius Valles’ origin as part of an ongoing, comprehen-

sive investigation of the entire MPR [9]. 

Physiography and morphometry: The Axius 

Valles form a mostly parallel pattern of sinuous valleys 

on a plain of gentle but relatively uniform north-

northeast tilt, i.e., long-wavelength dip, at ~0.6 to 0.9° 

(~1 to 1.6%) towards the Hellas basin floor. In total, 
~22,550 km of sinuous valleys dissect this plain (in-

cluding the Axius Valles and additional channels to the 

west), resulting in a drainage density of ~0.9 km-1. The 

channels are up to ~20 km wide and ~100 m deep, 

although most are narrower and shallower than ~5 km 

and ~50 m, respectively (sinuous valleys wider than 

~10 km were mapped as separate unit). The majority 

of the valleys originates within, or on the rim of, Am-

phitrites Patera (Fig. 1A; “AP”) between elevations of 

~1,200 and ~1,600 m. Smaller subsets originate at or 

below the rim of Peneus Patera (Fig. 1A; “PP”) be-

tween elevations of ~0 m and ~600 m, or are traceable 

further south into the wrinkle-ridged plains of the 

MPR. The longest continuously traceable valley of the 

Axius Valles is ~325 km long and follows the topo-

graphic gradient from ~600 m above the datum down 
to ~ -4,800 m. The valleys’ sinuosity is relatively low, 

ranging from ~1 up to ~1.15, and anabranching is very 

common. In several locations, sinuous valleys are 

levéed, i.e., bound by ridges that can be up to ~100 m 

high. The valleys cut through, or are controlled by, 

degraded, likely Hesperian, crater materials (e.g., cra-

ters Wynn-Williams and Pau) as well as wrinkle ridges 

in numerous locations, whereas they are consistently 

superposed by fresh, likely Amazonian, crater materi-

als. The wrinkle ridges among the Axius Valles are 

mostly degraded, i.e., discontinuous and/or muted, but 

otherwise resemble those on the less dissected plains 
south of Amphitrites and Peneus Paterae albeit with a 

significantly lower geographic density. The contact 

between the less and the more dissected plains is most-

ly gradational, but often marked by a distinct increase 

in km-scale roughness and an up to ~200 m high scarp 

stepping down to the more dissected Axius Valles 

plain. 

Age: According to crater-based model ages 

(AMAs) and stratigraphic constraints [9,10], the for-

mation of the Axius Valles occurred after wrinkle 

ridge-formation (<3.8 Ga) and the emplacement of 

Figure 1: Modified excerpt of our photogeologic map of the Malea Planum region showing the Axius Valles north-northeast of Amphitrites and 

Peneus Paterae (“AP” and “PP”; dotted red outlines). Craters “W-W” and “HM” are Wynn-Williams and Henry Moore, respectively. Back-

ground is the blended MOLA-HRSC Digital Terrain Model from the PDS. 
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both, streamlined plains (~3.7 Ga) as well as degraded, 

Hesperian crater materials. Channel formation had 

ceased by the time Barnard crater was formed (~3.6 

Ga) and fresh, Amazonian crater materials were em-

placed. This time span between 3.7 and 3.6 Ga ago 
also overlaps with the AMAs of the upper wrinkle-

ridged plains in the Hellas basin [8] and the resurfaced 

floors of Amphitrites and Peneus Paterae [11].  

Discussion: Based on their morphology and loca-

tion, the Axius Valles have been tentatively interpreted 

as the result of sapped water or lahar flows that carved 

into friable pyroclastic deposits [3-7]. An at least par-

tial formation by pyroclastic flows accelerated by an 

icy substrate was also brought forward [8], although it 

remains unknown whether such a process could enable 

flow over 100s of kilometers. Although observations 

by [8] of a ~95 km long, sinuous, likely inverted ridge 
as well as two 10s of kilometers wide, digitate, fan-like 

deposits on the southernmost Hellas basin floor at 

75°E 50°S seem to indicate (glacio-)fluvial deposition, 

these might not be associated with the formation of the 

Axius Valles at all. The digitate, fan-like deposits are 

at the branched termini of Mad Vallis (Fig. 1A, dashed 

blue line), a channel system that is geographically 

associated with the Axius Valles, but actually traceable 

over ~1,800 km to the south polar area, i.e., beyond the 

volcanic centers of Malea Planum. We therefore inter-

pret Mad Vallis and its fan-like deposits to be associat-
ed with south polar processes and thus unrepresenta-

tive of the formation of the Axius Valles, although 

several confluences imply it was reused by Axius-

related activity.  

As for the nature of the Axius Valles-forming ac-

tivity, diagnostic features such as short, digitate levée-

overspill deposits, bulged, lobate flow fronts (both 

typical for high viscosity flows, i.e., most lavas or 

mud/sludge), and associated pit-chains (typical for lava 

tubes, i.e., lava flows) are absent but might have easily 

been covered by 10s of meters thick dust-ice mantling 

[12] or eroded by intense deflation [e.g., 13]. In any 
case, the fact that the channels extend over 100s of 

kilometers on a slope of <1° seems to favor low vis-

cosity density currents. Water or sludge flows stand to 

reason especially as ice accumulation models for an 

ancient martian 1 bar atmosphere predict a several 10s 

of meters thick ice sheet to form on the highest points 

of Amphitrites Patera [14]. Combined with volcanic 

heat, this might have been a source of the water that 

eroded the Axius Valles, the vast majority of which 

originate at or in Amphitrites Patera.  

Nevertheless, due to the geographic association 
with this patera – likely one of the largest calderas on 

Mars [e.g., 11,15] – the plausibility of pyroclastic 

flows or very low-viscosity lavas such as komatiite and 

tholeiitic basalt as alternatives to water should be as-

certained. Komatiite-type lavas have been inferred for 

Mars [16] and low-viscosity mafic to ultramafic lavas 

have been discussed for martian localities, e.g., Gusev 

crater and Hecates Tholus [e.g., 17,18]. Mantle-derived 

low-viscosity magmas such as komatiite or tholeiitic 

basalt [e.g., 19-21] are indicated by the extremely 
broad and gently sloped shields of Amphitrites and 

Peneus Paterae (11,15,21] and also an expected prod-

uct of MPR volcanism, which was likely caused by 

deep ring-fractures and mantle upwelling related to the 

Hellas basin-forming event [11,15]. Furthermore, 

models indicate that komatiite and tholeiitic basalt 

flows on very shallow slopes should be able to travel 

up to ~325 km and form ~100 m deep channels if flow 

durations and 2-dimensional discharge rates are at least 

several months and ~150 m2 s-1, respectively [22,23]. 

In the channels close to the patera summits, whose 

average width is ~3 km, this would result in a dis-
charge rate of 450,000 m³ s-1, which is within the spec-

trum deduced for other large terrestrial, lunar, and 

martian flows [24,25]. Given the sizes of Amphitrites 

and Peneus Paterae as potential source areas, as well as 

the volume of potentially basaltic material filling the 

Hellas basin (~106 km3 [13]), we submit that such 

effusion time spans and discharge rates are reasonable 

assumptions, especially as the given discharge rate 

would be a peak value, and not constant over the 

course of a months-long eruption. Lastly, as is the case 

for overlapping and interacting lava channels on Earth, 
e.g., on the flanks of Etna or Teide, such networks 

form sequentially and not all at once, thereby suggest-

ing a volcanic formation of the Axius Valles would 

have included multiple eruptions, too. 

Preliminary Conclusions: The primary parame-

ters of the Axius Valles, i.e., their sinuosity, size, ana-

branching, levées, and drainage density are not diag-

nostic and could be explained by multiple types of 

density currents. The channels’ length over a gentle 

slope implies low-viscosity liquids, i.e., water/sludge 

or certain lavas. Most of the channels can be traced 

back to Amphitrites Patera (likely one of Mars’ largest 
calderas) and large volumes of low-viscosity lavas are 

indicated by the area’s morphology. Nevertheless, 

water/sludge flows remain a viable alternative to lava. 

However, based on their origin in a hydrogeologically 

constrained setting on the summit of a caldera, we do 

not favor previously proposed groundwater/-ice sap-

ping [7] as water source. An alternative is volcanically-

induced melting of an ice sheet, which models [14] 

suggest to have accumulated on Amphitrites Patera in 

an ancient 1 bar atmosphere. 
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