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Introduction:  The aqueous-flood hypothesis for 

incision of the Mangala Valles channel system is com-
pelling on the basis of the strong and seemingly unique 
correspondence between the landforms of this system 
and those of terrestrial drainage systems such as the 
Channeled Scabland.  The aqueous-flood hypothesis 
can account for the basic nature of the Mangala Valles 
system, and has as a result been used as a foundation 
for recent studies of the system.  However, the largest 
channel systems of the Moon and, in particular, Venus, 
share important morphological and contextual charac-
teristics with the Mangala Valles system.  The appar-
ent volcanic nature of these lunar and Venusian chan-
nels, and the conspicuously volcanotectonic nature of 
the Mangala Valles system itself, together suggest that 
an alternative volcanic mechanism of formation should 
be developed for Mangala Valles, for consideration 
alongside the aqueous-flood mechanism. 

Volcanotectonic Nature of System: Formation of 
the Mangala Valles system was strongly linked to ig-
neous and tectonic processes.  The system heads at a 
graben interpreted to have formed in association with 
Tharsis-related dike emplacement [1-3], and this gra-
ben has been identified as a likely source of past effu-
sive volcanic flows [4,5].  Landforms such as leveed 
sub-channels, ridged plains, and segments of inverted 
channel topography suggest that Mangala Valles chan-
nels likely acted as conduits and, at numerous locales 
along the channel system, depositional basins for past 
volcanic flows [see also 1,6,7].  Importantly, the pres-
ence at Mangala Valles of platy basin fill and roofed 
sub-channels (partly defined by collapse pits) further 
strengthen inferences that the channel system acted as 
a conduit for large volcanic flows.  

Channel Incision by Water: The fluid that formed 
the Mangala Valles system must have incised its an-
astamosing channels and carved or otherwise formed 
features such as the elongate landforms located in the 
lee of topographic obstacles.  The natural fluid to con-
sider for formation of such features, on the basis of 
terrestrial analogs, is water.  Formation of the Mangala 
Valles system by catastrophic aqueous floods is con-
sistent with similarities in the nature of landforms of 
this system and those of the Channeled Scabland [e.g., 
6-11].  Both Mangala Valles and the Channeled Scab-
land are large networks of anastamosing channels 
characterized by streamlined residual forms, inner 
channels, hanging valleys, and scour-related landforms 
such as depressions and lineations. 

An Igneous Alternative?: Although volcanic 
processes on the Earth are normally considered con-

structive in nature, theoretical and terrestrial field-
based studies have indicated that substantial amounts 
of incision and scour can result from the flow of mol-
ten rock, through the processes of thermal and/or me-
chanical erosion [e.g., 12-18; see also 19,20].  The 
process of incision of Martian outflow channels by the 
flow of lava has previously been proposed [e.g., 21-23; 
see also 24], but this process has not been widely ac-
cepted as a likely alternative to aqueous processes.  
The actual mechanisms that might allow for magmatic 
incision of large channels across regions of Martian 
highland can presently only be speculated upon, but it 
is notable that there are numerous lunar and Venusian 
channels, interpreted as volcanic, that appear to have 
incised across upland barriers to flow.   

Lunar rilles can have several characteristics that 
match those of the Mangala Valles system, including 
inner channels [e.g., 25], channel levees [e.g., 26,27], 
channel terraces [e.g., 23,27], typical gradients of less 
than one degree [28], longitudinal profiles intermit-
tently characterized by reverse gradients [e.g., 28,29], 
and exposure of channel floors as a result of partial or 
complete drainage of late-stage lava pulses [e.g., 30].  
More significantly, numerous sinuous lunar rilles that 
otherwise have the appearance of constructive mare 
lava conduits clearly cut across upland barriers.  A 
lunar channel of the Rimae Herigonius system cross-
cuts highland terrain near crater Gassendi in a manner 
consistent with incision during the lowering of mare 
magma levels [31].  Rima Beethoven, over 60 km in 
length and up to ~3 km in width, cross-cuts uplands 
north of crater Prinz in a manner suggestive of incision 
and erosion, perhaps along a zone of weakness related 
to processes such as faulting [24,27,28].  Examples of 
lunar channels that appear to cut across crater rims are 
located at, e.g., Rimae Maupertuis at Montes Jura [32], 
and at what may be the rims of volcanic craters, in-
cluding craters Krieger [33,34] and Bowditch 
[25,35,36].  Regardless of the exact mechanisms in-
volved, incision on a massive scale (up to hundreds of 
meters, vertically, and across swaths of up to several 
kilometers) appears to have taken place on the Moon 
as a result of the flow of lava.  At least in some in-
stances, the formation of volcanic channels on the 
Moon has led to the development of streamlined land-
forms that may be erosional residuals [23].  

A range of channel types interpreted as volcanic 
has been recognized at the surface of Venus using 
SAR images generated by the Magellan mission.  
Venusian channels range from relatively simple sinu-
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ous landforms that have few or no tributaries [37-39] 
to complex channels with anastamosing reaches [37].  
The largest of the complex Venusian channels are the 
outflow channels, a class that includes Kallistos Vallis, 
a 1200 km long channel system in Lada Terra (east of 
Lavinia Planitia) with widths up to ~30 km [37].  The 
Kallistos Vallis system heads in a region of chaotic 
terrain and shares a wide range of characteristics with 
Mangala Valles, including channels that appear to 
have been incised into country rock, variable-width 
channels, complexly anastamosing reaches, stream-
lined residual landforms, and channel lineations ori-
ented along directions of paleoflow. 

Alternative Landform Interpretations at Man-
gala Valles: A volcanic interpretation of the Mangala 
Valles channel system may be consistent with the na-
ture of landforms of the system associated in past re-
search with past aqueous processes.  The dune-like 
ridges and lobate-margined and festooned flow depos-
its proximal to the main source graben of Mangala 
Valles, previously interpreted as having respectively 
formed through phreatomagmatic processes and to 
large outpourings of groundwater [40,41], may alterna-
tively be tentatively interpreted as volcanic ash depos-
its and ridged volcanic flows, respectively.  Such a 
scenario is supported by the presence of similarly 
ridged and festooned volcanic flow units in the region, 
including those at the graben in the region east of the 
head of Mangala Valles, and at the foot of Arsia Mons 
near the mouth of the easternmost channel of Mangala 
Valles.  A volcanic interpretation of the ridged flows 
near the head of Mangala Valles would be consistent 
with eruption from depth within the graben structure, 
or with the channeling of Arsia Mons volcanic flows 
by the graben.  It is typical of volcanic conduits to 
form roofs that later are progressively denuded 
through formation of collapse pits [e.g., 13], and thus 
the presence of collapse pits along the span of the 
source graben to the east of Mangala Valles would be 
consistent with the past channeling of Arsia Mons vol-
canic flows through this span of the graben into the 
Mangala Valles system (though, alternatively, the col-
lapse pits could have formed through the common 
Martian process of dilational fault slip). 

The flat channel deposits with pitted surfaces and 
cuspate margins, interpreted in [42] as possible vola-
tile-rich flood deposits [see also 11], may also be ten-
tatively interpreted as possible volcanic landforms.  
Volcanic lava or ash units with similar irregular and 
cuspate margins are, for example, present at and near 
the summit caldera of Martian volcano Tyrrhena 
Patera.  Notably, the pitted and cuspate-margined units 
at the mouths of some Mangala Valles channels [42] 
appear in places to be overlain by lobate-margined 
volcanic flows, but do not show visible signs of ther-

mal disturbance related either to the heat of the flows 
during emplacement or to the upward shift in melting 
isotherm that might have been associated with the 
thickening of surface cover over ice-rich units. 
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