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Introduction:  Ares Vallis is one of the largest 

outflow systems on Mars, extending northward more 
than 1500 km from the highlands of Margaritifer Terra 
to the Chryse and Acidalia basins [1]. This system 
mainly developed as a result of voluminous effusions 
from the subsurface that took place during the Hespe-
rian and Amazonian at sites associated with Iani Cha-
os, Aram Chaos, Margaritifer Chaos, and Hydaspis 
Chaos [2-4]. Additional possible sources have previ-
ously been inferred for the Ares Vallis system as far 
south as the Argyre impact basin [5]. 

Though Ares Vallis is widely interpreted as a 
product of catastrophic outbursts of water from cry-
osphere-confined aquifers [2,4-15], its attributes do 
not support aqueous origins of any kind. Instead, as is 
the case at hundreds of ancient channels of the inner 
solar system, the basic nature of Ares Vallis is fully 
aligned with dry volcanic origins. 

Past Aqueous Interpretations of Ares Vallis: 
The channels of Ares Vallis are variously character-
ized by the presence of streamlined erosional residuals, 
longitudinal grooves, inner channels, hanging valleys, 
and cataracts [2,4,6,8,13,16,17]. Such features are typ-
ical of terrestrial floodways carved by catastrophic 
floods, and the Ares Vallis system has correspondingly 
been interpreted as a product of enormous aqueous 
outbursts from the subsurface [2,4-15]. The terminal 
basins are widely assumed to have hosted lakes or 
oceans [5,18]. 

Previous estimates of maximum discharge rates at 
Ares Vallis range between ~106 m3/s and 5 x 109 m3/s, 
involving water depths of ~20 to 100 m [2,6,19-21]. 
Modeling results have suggested the occurrence of at 
least ~160 to 660 separate aqueous flood events here 
[12]. More generally, individual outflow systems on 
Mars are believed to have required up to thousands of 
flood events for their development [11,12]. 

A Volcanic Interpretation of Ares Vallis: The 
basic attributes of Ares Vallis are not consistent with 
development by aqueous processes. Though fluvial, 
glacial, lacustrine, and oceanic sedimentary deposits 
continue to be proposed for component channels and 
basins [2,4,8,22-24], clear examples of such features 
have not been identified at this or any other Martian 
outflow system [25-32]. As is the case at all other out-
flow channels, there is no evidence for extensive 
aqueous alteration of Ares Vallis, and the system is 
instead widely characterized by relatively pristine min-
eralogy [33-37]. The preservation at Ares Vallis of 

large volumes of olivine-rich materials, including 
those of the Noachian units that form the inner walls of 
component channels [36,38-42], is clearly inconsistent 
with the purported occurrence of dozens to thousands 
of aqueous outburst floods, and with the long-term 
existence of highly porous and permeable aquifers 
later exposed by channel incision [32]. 

Though alternative interpretations exist [23], evi-
dence is missing for: 1) the pervasive hydrous altera-
tion of geological materials exposed within the Chryse 
impact basin and other northern basins hypothesized to 
have held large Martian water bodies; and 2) the thick 
sequences of evaporite minerals expected of the former 
sites of terminal lakes and oceans [33,43,44]. Con-
sistent with this orbital view, the mineralogy of the 
Pathfinder landing site, located at the mouth of Ares 
Vallis, is known to have been little altered by water 
[20,45-47].  

Beyond major inconsistencies between the ex-
pected and actual mineralogy of the Ares Vallis sys-
tem, the catastrophic release of groundwater pressur-
ized by the downward propagation of a freezing front 
[5,9,15] is yet to be validated as a realistic mechanism 
for development of the Martian outflow channels [48]. 
Indeed, though alternative perspectives exist [11,49], 
recent work suggests that expected megaregolith po-
rosities are insufficient for the formation of outflow 
channels without the associated generation of extraor-
dinarily large water chambers in the subsurface [50]. 
In contrast, volcanic processes can readily account for 
the formation and basic attributes of the Ares Vallis 
outflow system. Volcanic processes resulted in the 
development of hundreds of ancient volcanic channels 
on rocky bodies including the Moon, Venus, Mercury, 
and Earth [51-57], and certainly represent the most 
realistic mechanisms by which the Martian outflow 
channels could have formed [29,30,32,58]. The chan-
nels and basins of Ares Vallis are extensively associat-
ed with volcanic features [39-42], 

Constraints on the Volcanic Effusions that In-
cised Ares Vallis: Quantitative models are available 
for constraining the most basic flow parameters of 
lavas. This study utilized flow and incision relations 
[59-63] explored in depth in numerous earlier studies 
[64-67]. Flows were assumed to have had initial vis-
cosities of 1 Pa s and temperatures of 1350°C. 

For a channel width of 25 km, which is typical of 
much of the main Ares Vallis system north of Iani 
Chaos, discharge rates are estimated for 50-m-deep 
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and 100-m-deep flows to respectively be ~31 x 106 
m3/s to 97 x 106 m3/s on slopes of only 0.2°. Corre-
sponding rates of mechanical incision are estimated to 
be ~4 m/day and 12 m/day, respectively. Thermal inci-
sion for 50-m-deep and 100-m-deep flows on slopes of 
0.2° is estimated to be more modest at ~1.9 m/day and 
2.3 m/day, respectively. 

Total effused lava volumes can be crudely estimat-
ed for large volcanic channel systems on the basis of 
parameters such as channel widths, incision depths, 
estimated discharge rates, and estimated incision rates 
[32,62,63]. A total effused lava volume of ~1.35 x 106 
km3 is predicted for lavas with depths of either 50 m or 
100 m on the basis of: 1) predicted discharge rates; 2) 
assumed incision depths below adjacent uplands of 
1000 m; and 3) conservative overall incision rates of 2 
m/day and 6 m/day (roughly half those predicted for 
mechanical incision alone). The Ares Vallis system is 
known to have formed over an extended period of geo-
logical time, and thus its development must have in-
volved multiple individual eruptive episodes separated 
by long periods of little to no volcanic activity. 

Based on thermal principals that conservatively ig-
nore the independent action of mechanical processes, 
the minimum volume of erupted lava required for re-
moval of a particular volume of substrate can be crude-
ly estimated [62,63,68-70]. For formation of the main 
Ares Vallis channel and the four related regions of 
chaos, a total minimum erupted lava volume of ~1.6 x 
106 km3 to 5.8 x 106 km3 is estimated. A still greater 
minimum lava volume would be required if the south-
ern reaches between Margaritifer Chaos and the Ar-
gyre impact basin were also considered.  
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