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 ABSTRACT: 

 

Ascraeus Mons is one of three large shield volcanoes in the Tharsis bulge region 

of Mars. The main flank of the volcano is bounded by rift aprons to the NE and SW. The 

SW rift apron is home to a network of complex sinuous channels whose origin has been 

debated in previous studies. Using high resolution spacecraft imagery, we use ArcGIS to 

map out all such channels on the NE quadrant of the rift apron as well as a number of 

similar features found on the plains to the east of Ascraeus Mons. We identify significant 

morphological differences between the sinuous channels on the proximal apron and the 

channels found on the distal apron but find that both types of channels are frequently 

associated with or transition into sinuous chains of collapse pits. The sinuous chains of 

collapse pits are interpreted as collapsed lava tubes on the basis of morphological 

similarities of such features in recent Hawaiian lava flows. Other Hawaiian lava flows 

exhibit features which are also found in the sinuous channels. This relationship between 

sinuous channels and lava tubes, which is consistent across the study area, suggests that 

the entirety of the sinuous channel features is volcanic in origin. The observed variation 

in morphology between the proximal and distal channels is proposed to be related to a 

difference in the gradient of the underlying surface, which is calculated using Mars 

Orbiter Laser Altimeter (MOLA) gridded elevation data. 
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1. INTRODUCTION: 

a. Ascraeus Mons and the Tharsis Province 

Ascraeus Mons is one of three large shield volcanoes, collectively known as the 

Tharsis Montes, located atop the Tharsis rise, a 5000 km-wide volcano-tectonic province 

that rises more than 10 km above the surrounding topography on Mars (Carr 2006). The 

large size of the Tharsis region is commonly thought to be the result of a lack of plate 

tectonics on Mars (Solomon & Head 1982; Carr 2006). Ascraeus Mons and the other 

Tharsis Montes, Pavonis Mons and Arsia Mons, are located along a northeast-southwest 

trending lineament that cuts across the NW edge of the Tharsis rise. Ascraeus Mons is the 

northernmost and largest of the Tharsis Montes, with an edifice diameter of roughly 375 

x 870 km (including the rift aprons which lie to the NE and SE of the main flank) (Plescia 

2004). The summit lies at an elevation of 18.1 km while the edifice itself rises 14.9 km 

above the surrounding plains, exceeded in height only by Olympus Mons, the largest-

Figure 1-MOLA (Mars Orbiter Laser Altimeter) relief map of the western hemisphere of 
Mars. Red indicates areas of highest elevation. Tharsis is the large, ellipsoidal high elevation 

region in the center of the map. 

Ascraeus Mons 

Pavonis Mons 

Olympus Mons 

Arsia Mons 
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known volcano in the solar system (Plescia 2004). Ascraeus Mons is thought to be the 

youngest of the three Tharsis shields; while the main flank of the volcano has likely been 

active throughout Mars’ geologic history, some of the summit calderas show signs of 

activity as recently as 60 Myr (Crumpler & Aubele 1978; Heisinger et al. 2007; Robbins 

2011).  

The main flank of Ascraeus Mons is bounded to the NE and SW by fan shaped 

rift aprons consisting primarily of material whose origin is not immediately apparent 

(Plescia, 2004; Murray et al. 2010). Data from the Mars Orbiter Laser Altimeter (MOLA) 

onboard Mars Global Surveyor shows that the SW apron, the focus of this study, consists 

of two parts: an older SW trending segment and a younger south trending segment 

(Plescia, 2004).  Both segments extend down to an elevation of about 8.5 km where they 

intersect the nearly flat plains that surround the main edifice (Plescia 2004). Estimates of 

the age of the rift aprons and surrounding plains based on crater counts cluster around 

0.2-0.8 Gyr, making them clearly younger than the main flank whose youngest flows are 

dated at between 1.5-2.0 Gyr (Hiesinger et al. 2007). The age of the rift apron and plains 

lava flows also appears to be roughly contemporaneous with the formation of many of the 

summit calderas on Ascraeus Mons (Hiesinger et al. 2007). The younger apron and 

surrounding plains also contain a number of smaller shields and vents, something not 

found on the western, older apron (Plescia 2004). The aprons are the source of a number 

of lava flows which are several hundred kilometers-long and extend out onto the 

surrounding plains (Garry et al. 2007).  

Measurements from Mars Odyssey’s Thermal Emission Imaging System 

(THEMIS) and other instruments have revealed a large region of low thermal inertia that 
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corresponds with the Tharsis province. This demonstrates that Tharsis is covered in a 

nearly continuous 1-3 m thick mantle of dust particles (<40 µm) that prevent any spectral 

analysis of the chemical composition of Tharsis bedrock (Christensen 2003). The source 

of the dust mantle on Tharsis is attributed to deposition following global dust storms and 

the subsequent difficulty in re-entraining the dust particles due to the extremely low 

atmospheric pressures found at such high elevations (Christensen 1986). 

b. Sinuous channels and rilles 

One of the most prominent features on the SW rift apron of Ascraeus Mons is a 

dense concentration of chasms and collapse pits known as the Ascraeus Chasmata that 

eats into the southwest flank of the Ascraeus main shield. A similar region is found on 

the NE side of Ascraeus as well as on both the NE and SW flanks of Arsia and Pavonis 

Mons. The alignment of the chasmata with the NE-SW trending lineament that connects 

the Tharsis Montes implies that their formation is somehow related to the volcanic and 

tectonic processes that formed the volcanoes themselves (Garry et al. 2007). The 

chasmata on the SW apron of Ascraeus are elongate features which have bowl-shaped 

heads and stubby tributaries, features that are indicative of groundwater sapping 

processes (Ritter et al. 2012). Most of these features form parallel to slope, although 

some are perpendicular to slope and are likely tectonically controlled.  

Several of the chasmata are the source for a series of sinuous channels that flow 

downslope for, in some cases, hundreds of kilometers. These sinuous channels often have 

a braided and/or anastomosing pattern and often contain features such as streamlined 

channel islands and nested channels. The complex geomorphology of these features has 

led to debate over the origin of these features. Some authors have supported a fluvial 
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origin for the channels (Murray et al. 2010) while others have argued for a strictly 

volcanic origin (Bleacher et al. 2010). Many of the geomorphologic characteristics of the 

channels (such as the braided channels and streamlined islands) are normally associated 

with fluvial processes. However, studies of terrestrial lava flows have demonstrated that 

such features may also be able to be formed by basaltic lava flows, throwing into 

question the assumption that the Ascraeus sinuous channels were formed by fluvial 

processes (Bleacher et al. 2010). In addition, sinuous rille features have been found on 

the Moon (where fluvial activity is completely absent) which also resemble the Ascraeus 

Mons channels in many ways (Bleacher et al. 2010).   

One of the complex sinuous channels sourcing from a linear depression on the 

Ascraeus Mons rift apron has been observed to transition into a feature that is interpreted 

as a lava tube or roofed-over lava channel (Bleacher et al. 2010). One of the primary 

goals of this study is to look at the entire rift apron of Ascraeus Mons as well as the 

surrounding plains (as there are numerous lava flows that originate from the apron and 

extend out onto the surrounding terrain) to see if this relationship is consistent across a 

large spatial area and holds true regardless of the type of sinuous channel. 

2. DATA SOURCES: 

In order to make a more definitive statement about the origin of the sinuous 

channels, we constructed a high-resolution map of all sinuous channels on the Ascraeus 

Mons rift apron using spacecraft imagery. We use the Thermal Emission Imaging System 

(THEMIS) daytime thermal infrared global mosaic as a basemap. This data set has a 

resolution of 230 m/pixel and is used to identify larger features and serve as a reference 

point for georeferencing higher-resolution data sets using ArcGIS. We use images from 
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several different spacecraft and cameras as no data set completely covers the area of 

interest to a sufficient resolution to identify all possible sinuous channels.  

Detailed mapping of sinuous channels was completed using a mosaic of 146 

georeferenced THEMIS visible light images with a resolution of 19 m/pixel, and 16 Mars 

Reconnaissance Orbiter (MRO) Context Camera (CTX) images with a resolution of 

6m/pixel. Higher-resolution images from the Mars Orbital Camera (MOC) on board Mars 

Global Surveyor (MGS) (1.5-12 m/pixel), the High Resolution Imaging Science 

Experiment (HiRISE)  on board MRO (0.3-1 m/pixel), and the High Resolution Stereo 

Camera (HRSC) on board Mars Express (MEX) (2-30 m/pixel) are used in places to 

study more detailed morphology. Channels and other relevant features were identified 

and marked by creating three-dimensional feature shapefiles in ArcGIS which were tied 

to gridded elevation data from the Mars Orbiter Laser Altimeter (MOLA), in order to 

provide topographic information for the channels (Smith 1999). All data is projected 

using the Mars2000 Equidistant Cylindrical coordinate system. 

Geochemical data is not available for the Tharsis region because of the dust 

mantle which blankets the surface obscuring the chemical signature of the underlying 

rock (Christensen 2006). Spectroscopic data obtained both from orbiting spacecraft and 

in situ by the Mars Exploration Rovers indicate that the Martian crust is composed 

predominantly of tholeiitic basalts which display very little chemical variation compared 

to terrestrial rocks (McSween et al. 2009). 

3. MAPPING AND UNIT DESCRIPTIONS: 

Since fluvial channels and lava channels can, by themselves, display many of the 

same morphologic characteristics, we also map a variety of volcanic, tectonic, and 
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impact-related features on the Ascraeus rift apron and the gently sloping plain extending 

east towards Tharsis Tholus and the Kasei Vallis. This is in an attempt to identify any 

significant spatial and/or temporal relationships between these features and the sinuous 

channels that could provide clues to their origin. 

Following is a geomorphic description of the physical characteristics and 

identifying features of the different units that were mapped. Relevant temporal and 

spatial relationships between the different features, as well as geological interpretations 

will be discussed in subsequent sections. The author of this paper mapped the NW 

quadrant of the Ascraeus SW rift apron as well as large portions of the terrain to the east 

of the apron and main flank. Collaborating authors primarily mapped the SW, NE, and 

NW quadrants of the apron; these maps will be published separately.  

a. Channel features: 

Three of the units mapped display channel-like characteristics and are always 

found at right angles to contour lines, a strong indication of formation by fluid flow. A 

map showing the distribution of the three types of channel features is shown in Figure 2.  

Sinuous channels: Sinuous channels are non-linear, continuous, negative-relief 

features that trend in a down slope direction. Sinuous channels display a wide variety of 

morphological features including braided and anastomosing channels, terraced walls, 

nested channels, branching channels, and streamlined or teardrop-shaped channel islands, 

many of which are indicative of fluid flow (Figures 3-4). Channels meeting this basic 

definition are denoted in red in Figure 2.  Sinuous channels are found across the study 

area, from the SW Ascraeus Mons rift apron to flows that divert around Tharsis Tholus 

over a thousand kilometers to the east. The length of the channels ranges from segments 
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only a few kilometers long to large, uninterrupted sections several hundred kilometers in 

length. The widths of the channels remain more or less constant over the length of the 

feature, often narrowing slightly towards the distal end of the feature. The sinuous 

channels are not associated with any discrete lava flows although in several areas there is 

evidence of material overflowing the channel and building up levees on either side of the 

main channel. 

Figure 3-Sinuous channel east of 
Ascraeus Mons. Note the large channel 

islands and anastomosing channel 
pattern. Downhill direction is to the 

northeast.      

(CTX B03_010766_1940_XN_14N092W1) 

Figure 2-Map of study area, extending from Ascraeus Mons and the SW rift apron (left), to the flat lava 
plains surrounding Tharsis Tholus (upper right). Colored lines show the distribution of channel features 

mapped in this study. Individual THEMIS and CTX image strips can be seen representing the mapped area. 

RED=sinuous channels 

GREEN=sinuous collapse pit chains 

ORANGE=lobate lava flow channels  
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Lobate lava flow channels: Lobate flow structures are extremely common in the 

study area. These features are inferred to be lava flows on the basis of morphological 

similarities with Hawaiian basalt flows and polyethylene glycol flow experiments which 

approximate the rheological properties of lava (Garry et al. 2007). Occasionally, these 

discrete flows will contain a well-developed channel within their margins (Figure 5). The 

overall appearance of these features is similar to the sinuous channels in many ways, 

most notably in the presence of channel islands. However the lobate flow channels differ 

in that they can be definitively associated with a discrete lava flow whereas the sinuous 

channels cannot. Lobate lava flow channels are also generally shallower and broader than 

the sinuous channels. While lobate lava flows are common in the study area, only a small 

Figure 4-An example of features in the Ascraeus sinuous channels that indicate fluid flow, these 
kilometre-scale teardrop-shaped islands are found in a sinuous channel on the plains to the east of the 

Ascraeus Mons rift apron. Note the apparent levees on either side of the main channel. Downhill 
direction is to the north.  

(THEMIS V163290081, V129470101) 
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percentage exhibit the well-developed channel morphology as seen in Figure 5. The 

flows which do contain channels can often be traced, uninterrupted, across the apron and 

plains for several hundred kilometers (Garry et al. 2007).  The morphology of these lava 

flows and channels has been shown to be very similar to terrestrial basaltic lava flows on 

the island of Hawai’i which means that the channel likely represents the mechanism by 

which lava is fed to the distal portion of the flow, allowing it to advance great distances 

before cooling (Garry et al. 2007). The well-established volcanic nature of these features 

is important for unraveling the origin of the sinuous channels. 

Lava tubes: The position of lava tubes on the Ascraeus rift apron is inferred 

(described in detail in section 5) by the existence of chains of elongated collapse pits that 

do not have raised rims, display a sinuous map pattern, and always form parallel to slope 

(Figure 6). Similar features have been observed on Olympus Mons and the other Tharsis 

volcanoes and have been interpreted as representing skylights in partially collapsed lava 

tubes (Bleacher et al. 2007; Bleacher et al. 2011). Roofed-over lava channels (i.e., tubes 

Figure 5-Typical broad, shallow channel associated with a 
lobate lava flow. Downslope direction is to the east.  

(THEMIS V142950141) 
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that have not yet collapsed) are indicated by a sinuous ridge-like feature which often 

connects a series of small vents (Figure 7) (Bleacher et al. 2007). The collapse pits do not 

vary in width within a single feature although the length of the collapsed sections varies 

considerably. In places, the sinuous collapse pits are nearly continuous and begin to 

appear gradational with a sinuous channel. At the opposite extreme, in some locations, 

the collapse pits are widely spaced, making the trace of the tube difficult to follow. Many 

of the collapse pit chains are located along the crest of a narrow topographic rise that 

results from accumulation of material from the tube.  

b. Other features  

Figure 6-Sinuous chain of collapse pits east of 
Ascraeus Mons. Note the varying length but 

nearly constant width and depth of the collapse 
pit sections. Downhill direction is to the 

northeast.                                     

(CTX P12_005769_1931_XN_13N094W1) 

Figure 7-Series of small hills/vents in a sinuous 
ridge pattern. Such features are inferred by Bleacher 

et al. 2010 to represent a roofed-over lava tube 
section. Downhill direction is to the northeast. 

(THEMIS V265500261) 
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Impact craters: The size of impact craters on the rift apron and plains ranges from 

simple craters 20 m in diameter (approximately the resolution limit of the THEMIS 

images) to complex craters 5-15 km in diameter at the eastern edge of the study area near 

Tharsis Tholus. Impact craters are differentiated from non-impact related collapse pits 

using several criteria; 1. Impact craters are almost perfectly circular; 2. Impact craters 

generally have a raised rim around their perimeter which manifests itself in shadows on 

the surrounding terrain whereas collapse pits do 

not show raised rims; 3. Larger craters are often 

surrounded by ejecta blankets or rays which are 

especially prominent in THEMIS night IR images 

due to a difference in thermal conductivity.  

Pits: Circular-to-ellipsoidal collapse pits 

are abundant on the proximal rift apron in the 

vicinity of the Ascraeus Chasmata. Pits are 

defined as any depression that has a length-to-

width ratio of <2:1. Negative topographical 

features with a length-to-width ratio >2:1 are 

classified as depressions on our map. Pits are often 

found in clusters or linear chains and often merge together to form one long, narrow 

depression (Figure 9). The pits are likely collapse features generated by the collapse of 

ground above lava tubes, dikes, or magma reservoirs (Wilson & Head 1988; Wilson & 

Head 1998). Pits are distinguished from the sinuous chains of collapse features that are 

Figure 8-Linear chains of circular pits on 
the Ascraeus Mons SW rift apron. 

Downslope direction is to lower left. Note 
that many pit chains form at right angles 

to slope.  

(CTX P18_008169_1857_XN_05N104W1) 
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thought to represent lava tubes on the basis that the features shown in Figure 8 are linear 

rather than sinuous, and need not form perpendicular to contour lines as do lava tubes.  

Depressions: Depressions are negative topographical features not controlled by 

topography and which have a length-to-width 

ratio >2:1 (Figure 9). The lack of 

topographical control for these features along 

with the fact that they are generally found in 

clusters with a preferred orientation implies a 

structural or tectonic origin for these features. 

Depressions that form perpendicular to slope 

are generally closed while depressions that 

form parallel to slope are generally open on 

the downslope end. Depressions do not have raised rims and do not exhibit morphologic 

features associated with flowing water or lava as do the sinuous channels.   

Raised vents: The study area contains one 50x25 km raised vent which is a 

positive topographical feature with a series of linear depressions running along its summit 

that appear to be the source of material that then flows down the slopes of the vent. There 

are a number of small channels and collapsed lava tubes on the slopes of the vent. The 

vent is embayed by more recent lava flows which flow around the topographic high 

created by the vent (Figure 10). While the vent shown in Figure 10 is only one isolated 

vent of any significant size in this study area, they are much more common in other 

quadrants of the SW Ascraeus Mons rift apron (Signorella et al. 2012). 

Figure 9-Linear depression on the SW Ascraeus 
Mons rift apron. Note association with linear 

chains of pits.  

(CTX P16_007167_1876_XN_07N104W1)  
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Lava ponds/shatter rings: Lava ponds and shatter rings are elliptical, circular, or 

irregular features that often contain a central depression surrounded by a raised rim 

(Figure 11). They are always found in association with a lava tube and are generally 

found in clusters. Many are located along tubes slightly proximal to an obstacle which 

impedes the path of the tube, such as an impact crater (Figure 12).  Studies of terrestrial 

shatter rings have suggested that they form due to an abrupt decrease in lava velocity 

through a tube, as a result of a change in slope or channel obstruction (Orr 2011). 

Figure 10-Raised vent east of the base of the 
Ascraeus Mons rift apron forms a prominent 

topographic high (black lines represent contour 
intervals) which diverts younger lava flows 
originating from the apron around the vent. 

Several small channels and tubes are located on 

the slopes of the vent.  

 (CTX P19_008472_1859_XI_05N099W1) 
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4. RESULTS:  

a. Sinuous channel observations 

We mapped out all of the distinct sinuous channels on the SW apron of Ascraeus 

Mons and the plains to the east that are clearly visible in the 19 m/pixel THEMIS images 

which provide the most complete coverage of the study area. In areas with poor THEMIS 

coverage, CTX images are used which allow us to distinguish slightly smaller channels. 

As channels can form in lava flows on all scales, it is very likely that additional, smaller 

channels exist that are not resolvable given the resolution of our data set (Jurado-Chichay 

& Rowland 1995). In total, we identify 65 distinct sinuous channels along with a number 

of side channels that diverge and then rejoin the main stem after a short distance.  

Previous studies of the area have used the term “sinuous channel” rather loosely. 

We define a sinuous channel to be any non-linear, continuous, negative-relief feature that 

Figure 11-Lava ponds or shatter rings east of 

Ascraeus Mons. (THEMIS V271240291) 

Figure 12-Impact crater partially embayed by 
younger lava flows. Note how the lava pond forms 

along the tube in response to the obstacle of the 
crater.  

(B17_016304_1947_XN_14N085W1) 
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progresses in a direction consistent with the downhill slope of surrounding topography. 

Our mapping reveals that the sinuous channels in the study area can be further divided 

into two broad categories based on geomorphologic and spatial characteristics: complex 

channels as seen in Figure 13(A), and comparatively simple channels such as the one 

seen in Figure 13(B).   

The complex channels commonly exhibit a braided and/or anastomosing channel 

pattern and often split into several distributary channels or branches. They frequently 

Figure 13-Comparison of the two different sinuous channel morphologies observed on the Ascraeus Mons 
rift apron and plains. (A)-typical sinuous channel observed on the proximal apron, with nested channels, 
channel islands, and anastomosing channel pattern. Channels on the proximal apron generally originate 
from the linear depressions observed at upper left. (CTX P07_003897_1855_XN_05N105W1, THEMIS 

V183760091) (B)-typical sinuous channel observed on the distal apron and plains, with simpler 
morphology, straighter channel, levees, and fewer occurrences of channel islands or multiple channel 

branches. (THEMIS 181760181) 

A B 
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have streamlined islands within the channel, and do not appear to be associated with any 

discrete lava flow, nor do they show signs of leveed channels.   

The simple channels are generally straighter and rarely have branches or tributary 

channels. Streamlined islands are still common but braided channels and nested channels 

are rare. The simpler channels are often surrounded by lobes of material which appear to 

have overflowed the channel wall and built up levees on either side.  

Because of these morphological differences, it is not appropriate to refer simply to 

the "sinuous channels on Ascraeus” when clearly this is too broad a term. The question 

that needs to be addressed is whether this observed difference in morphology implies two 

completely different modes of formation, or if it can be attributed to a change in slope of 

some other quantifiable parameter.   

b. Spatial and temporal relationships: 

The complex channels seen in Figure 13(A) are generally found on, or in close 

proximity to, the Ascraeus Mons rift apron, although a few extremely complex channels 

are also found at distances of several hundred kilometers from the apron (Figure 14).  

Many of the channels on the proximal apron emanate from the narrow, linear, 

presumably tectonic depressions that are ubiquitous on the proximal apron. These 

complex, proximal channels appear to be the youngest features in the study area. They 

cut across all other units and generally appear very pristine and unaffected by erosion or 

other post-emplacement surface processes. In several cases, the proximal channels 

transition into a broad shallow channel that clearly represents flow within a discrete 

lobate lava flow. The proximal channels have also been observed to transition into a 

roofed-over lava channel (Bleacher et al. 2010).  
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The simple channels become more abundant with increasing distance from the rift 

apron and ultimately account for a majority of the channels found on the flatter plains 

surrounding the rift apron. The simple channels, and the channels found on the plains in 

general, appear to be older than the proximal channels; in several locations they are cross 

cut by linear scarp- or fault- like features and are usually partially buried by younger 

flows, making the origin of the channels difficult to identify.   

The 50x25 km raised vent described in the previous section appears to have been 

in place prior to the emplacement of the lobate lava flows as these are diverted around the 

topographic high formed by the vent (Figure 10).  The vent does not appear to be the 

Figure 14-Topographic profiles for all mapped sinuous channels sorted by morphology. Black dashed line 
represents the approximate elevation of the base of the rift apron. Red profiles represent channels that 

display a complex morphology while green profiles represent channels displaying a simpler morphology. 
Note how the complex channels dominate on the proximal apron while simpler channels become more 

abundant with increasing distance from the apron. 



18 

 

source of any of the large sinuous channels or lava tubes that were mapped. While one of 

the longest sinuous channels originates near the base of the northeast flank of the vent , it 

appears suddenly and appears to be emerging from beneath deposits originating from the 

vent which would mean that the channel pre-dated the vent.   

 A qualitative analysis of the number of impact craters in the study area indicates 

that the surface of the proximal apron is significantly younger than the surface of the 

distal apron and plains. There are very few small impact craters on the proximal apron 

and no craters larger than 1 km in diameter. Conversely, craters are much more numerous 

on the distal apron and plains.  

c. Topography and channel gradient data 

Using elevation data from MOLA, we create topographic profiles along each of 

the 65 mapped channels using ArcGIS.  These profiles are plotted in Figure 14. A glance 

at Figure 14 shows that the average gradient of the sinuous channels decreases with 

increasing distance from the rift apron. We also use the MOLA data to create a slope 

layer for the study area (Figure 15).  Figure 14 also shows that simple channels increase 

in abundance with increasing distance from the rift apron. This is to be expected as the 

steepest slopes in the study area are in the vicinity of the apron itself where slopes range 

from 2-5˚. Slopes across the study area are generally lower than in terrestrial volcanic 

provinces; even the main flank of Ascraeus Mons has an average slope of less than 10˚, 

much shallower than most mature terrestrial shield volcanoes (Bleacher & Greely 2003).   
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From these profiles, we use the measured length of the channel and the difference 

in elevation between the start and end of the mapped feature to determine the gradient of 

each individual sinuous channel, lava tube, and lobate lava flow channel (see Appendices 

A, B, C for complete data tables). While slopes across the study area are generally less 

than 2˚, these profiles reveal that the average gradient of the complex channels is 0.92% 

(≈0.53˚) while the average gradient of the simple channels is 0.56% (≈0.32˚).  The 

average gradient of the sinuous collapse pit features is 0.55% (≈0.31˚). The average 

gradient of the lobate lava flow channels is 0.76% (≈0.43˚). 

Figure 15-Surface slope obtained from Mars Orbiter Laser Altimeter (MOLA) data. Note significant 
slope breaks between the main flank of Ascraeus Mons and the SW rift apron, and between the rift apron 

and the plains. 
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d. Relationship to sinuous collapse features 

The sinuous channels are most commonly associated with the sinuous collapse pit 

features shown in Figure 6.  Unraveling the nature of these features could offer clues as 

to the origin of the sinuous channels. 

5. EARTH ANALOGS FOR ASCRAEUS MONS FEATURES: 

Holocene lava flows and shield volcanoes on the island of Hawai’i offer a 

potential terrestrial analog for the lava flows and associated features observed on 

Ascraeus Mons. Like Hawaiian flows, spectroscopic data has shown that most lava flows 

on Mars are basaltic in composition (McSween et al. 2009). In addition, the slow rate of 

weathering on Mars means that only very recent terrestrial flows will be analogous to 

Martian lava flows in terms of their degree of alteration and current morphology (Carr 

2006, McSween et al. 2009).  In particular, a number of features associated with the 

Kilauea, Mauna Loa, and Hualālai shield volcanoes are observed to show strikingly 

similar morphological characteristics to the sinuous channels and sinuous collapse pit 

features that are observed on the Ascraeus Mons rift apron and surrounding plains. 

Establishing a link between terrestrial features known to be of a volcanic origin and the 

Martian features is instructive in definitively determining the origin of the Ascraeus 

sinuous channels and will help us understand more about their formation.  

a. Pōhue Bay Flow and 1801 Hualālai Flow, Hawai’i 

Aerial photographs of the Pōhue Bay Flow on the SW flank of Mauna Loa such 

as the one seen in Figure 16 show sinuous chains of collapse pits that are the surface 

expressions of collapsed lava tubes (Zurado-Chichay & Rowland 1995). The resulting 

map pattern is nearly identical to the sinuous collapse pit unit described in section 3 that 
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Mons, and what our mapping shows is consistent across the Ascraeus rift apron and lava 

plains.  

In addition, many of the collapse features on Ascraeus Mons are located along the 

crest of a sinuous ridge. The Pōhue Bay tube exhibits a similar characteristic which can 

be seen in Figure 18. The collapse pits are located along the axis of a broad but subtle 

topographic high that runs along the length of the tube. On the basis of these relationships 

Figure 17-Field photographs of a partially collapsed lava tube in the Pōhue Bay lava flow, Hawai’i. (A)-
Collapse pit measuring roughly 100 m long by 20 m wide showing the underlying lava tube. (B)-A second 

collapse pit in which the lava tube opening is obscured by rubble. The left wall of the pit is partially 
covered by a thin veneer of solidified lava implying that lava was still flowing through the tube when the 

collapse occurred. Note persons on far end of collapse pit for scale.  

A 

B 
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and morphological similarities, we interpret the sinuous chains of collapse features on 

Ascraeus as partially collapsed lava tubes.    

 

Several lines of evidence point towards the collapse pits in the Pohue Bay and 

Hualalai flows forming while the lava tube was still active. Several of the pits in the 

Pōhue Bay Flow are the source of small a’a flows that travel for short distances (<1 km) 

across the coastal plain (Figure 18). The walls of many collapse pits are smooth, having 

been covered with a thin veneer of solidified lava following the collapse (Figure 17). In 

the Hualālai Flow, small patches of pahoehoe lava ring the edges of many of the pits 

(Figure 19). These patches source from the tube but are injected into fractures associated 

with the collapse of the tube. These relationships imply that either some of the collapses  

Figure 18-Portion of USGS 7.5-
minute Pōhue Bay quadrangle 

showing broad topographic rise 
associated with the lava tube and 
collapse pits. North is up; contour 

interval is 40 ft. 
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Figure 20-Collapsed section of lava tube in the 1801 Hualālai Flow, Hawa’i. Pahoehoe 
flows in the foreground are limited to the area immediately around the pit indicating that 

they originated from the collapse feature itself. The pahoehoe also shows signs of 
subsequent collapse indicating that the entire feature experienced multiple stages of 

collapse. 

Figure 19-A'a flow emanating from a lava tube skylight in the Pōhue Bay Flow, Hawai'i. View is 

looking north, towards the source of the foreground flow. 
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took place while lava was still actively flowing through the tubes or that the tube was re-

occupied by a subsequent lava flow (Bleacher et al. 2011). 

Based on USGS topographical data, the section of the Pōhue Bay Flow in which 

we observe the sinuous collapse pits has an average gradient of 6%, considerably higher 

than the gradient of the Martian features. We also observed several streamlined islands 

within an overflow channel near the upstream end of the Pōhue Bay collapse pit section 

(Figure 20). These islands are generally about 10 m in length and teardrop-shaped, with a 

broad upstream end and tapered downstream end. They rise, on average, about 1 meter 

above the base of the channel. A cursory field examination of these features was not able 

to determine whether they were formed as a result of erosion into an existing flow 

surface, or whether the islands are purely constructional features.  

Although the scale of these features is much smaller than the streamlined islands 

observed in sinuous channels on Mars, their presence is further evidence that basaltic lava 

Figure 21-Streamlined island in an overflow channel in the Pōhue Bay flow. 
Downstream end of island is tapered while upstream end is broad. A lava tube 

collapse structure such as the one in Figure 17 is appears to be the source of the 
material that fed the channel. 



26 

 

flows are capable of producing features that are normally associated with fluvial 

processes (Bleacher et al. 2010).  Processes such as lava surges have been attributed to be 

the cause of features such as channel islands in basaltic lava flows (Garry et al. 2007).  

b. 1907 Mauna Loa Flow and Mauna Ulu lava channels 

While the Pōhue Bay and Hualālai Flows are a good analog for the collapsed tube 

structures on Ascraeus, other nearby flows contain lava channels that mirror many of the 

characteristics of the sinuous channels themselves.  

The 1907 Mauna Loa flow contains a number of distinct leveed lava channels 

which often display an anastomosing channel pattern. Near where the flow is cut by 

Figure 22-Channel in a 1907 
Mauna Loa a’a flow. (A)-Field 

photo of channel showing levees. 
Dimensions of the channel are 
roughly 30 m x 6 m. (B)-Aerial 

view of the 1907 Mauna Loa 
flow.  Map pattern resembles that 

of sinuous channel features 
observed on Ascraeus Mons. 

Hawai’i Hwy 11 cuts through the 
middle of the image. Top image 

was taken within the channel 

near the yellow star.  

A 

B 
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Hawai’i Highway 11 (Figure 21), the main channel is ~30 m wide, and bounded by 10 m-

high levees on both sides.  There are also several distinct smaller channels nested within 

the main channel.   

Several well-studied channels radiating from the Mauna Ulu vent on Kilauea 

show that large lava channels can be formed purely by constructional means, thus 

eliminating the need to explain the immense volumes of lava that would be needed to 

erode channels the size of those seen on Ascraeus (Harris et al. 2008). The Mauna Ulu 

channels, formed during the eruption of 1974, were created in part by multiple episodes 

of lava overflows (possibly the result of blockages in the channel) which cause the walls 

of the channel to become progressively higher, resulting in features that are several 

meters deep (Harris et al. 2008). An example of one of these channels is shown in Figure 

22. 

c. Scale comparison 

While many of the features observed in Hawaiian basalt flows are 

morphologically similar to features observed on Martian volcanoes, the Martian features 

Figure 23-Constructional 
lava channel on the slopes 

of Mauna Ulu, Hawai'i. 
The lower channel walls 
consist primarily of a'a 
flows that were later 
covered by pahoehoe 
which overflowed the 

walls of the main channel 
increasing the depth of 

the channel. 
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are, with few exceptions, significantly larger than their terrestrial counterparts. Estimates 

of effusion rates for the Tharsis volcanoes range from 19,000-29,000 m3/s for some of the 

largest flows compared to 80-890 m3/s for the channels in the Pōhue Bay Flow, and 35-

100 m3/s for the overflow channels in which the islands were observed (Garry et al. 2007; 

Jurado-Chichay & Rowland 1994).  If lava flows on Mars produce the same type of 

features we see in terrestrial flows, as appears to be the case, then the exponentially larger 

eruption volumes on Mars could perhaps explain why we see these features on Mars on a 

much larger scale (Garry et al. 2007). 

6. DETAILED CHANNEL ANALYSIS: 

The relationship between the sinuous channels and the collapsed lava tube 

features is consistent across the study area but is most easily observed on the plains to the 

east of the Ascraeus Mons rift apron, where there have been fewer subsequent flows to 

obscure the channels and tubes. Even on the distal plains, it is still rarely possible to 

identify a discrete source for the channels (many simply emerge from beneath younger 

units), but in many places the channels can be observed uninterrupted for several hundred 

kilometers, allowing us to observe changes in morphology along their length. Since one 

of the primary goals of this study is to determine if the relationship observed by Bleacher 

et al. 2010 hold true across the entire Ascraeus system, in the following paragraphs we 

describe the morphology of four features in Ascraeus Mons flows near Tharsis Tholus 

which exhibit a combination of channel and collapsed lava tube morphologies (Figure 

24). The terms “proximal” and “distal” are used here only in reference to the beginning 

and end of the observed feature and are not used to imply distance from the rift apron.  
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a. Feature 1 

The total length of feature 1 is 271.2 km. It exhibits a sinuous channel 

morphology for 226.4 km and a lobate lava flow channel morphology for 44.8 km. The 

proximal section of the feature is a single-stem, sinuous channel that is nearly invariant in 

width and depth. In several sections, there are small lobes bordering the channel which 

appear to have been formed out of material which has overflowed the main channel and 

built up levees along the margin of the channel (Figure 25). Feature 1 eventually 

transitions into a lobate lava flow channel which becomes progressively wider before the 

channel disappears entirely just before a well defined lobate lava flow toe (Figure 26).  

 

Figure 24-Detail map of channel/tube features in Ascraeus Mons flows near Tharsis Tholus. Note that 
several features alternate between a sinuous channel and lava tube morphology. Section 6 describes these 

four features in detail. 

RED=sinuous channels 

GREEN=sinuous collapse pit chains (lava tubes) 

ORANGE=lobate lava flow channels  
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b. Feature 2 

The total length of feature 2 is 160.3 km. The feature exhibits a sinuous channel 

morphology for 56.7 km and a collapsed lava tube morphology for 103.6 km.  While 

feature 2 begins just a few kilometers from the terminus of feature 1, it does so slightly 

upslope of the flow margin that represents the end of feature 1, meaning that they are not 

likely related. The proximal section of feature 2 consists of a prototypical sinuous chain 

of collapse pits, which range in length from less than 100 m to over 1 km (Figure 27). 

The medial section of the feature is a complex sinuous channel which consists of at least 

two distinct sets of channel wall, several small channel islands, and a meandering channel 

pattern. The youngest channel appears to be nested within an older, 1-2 km-wide channel 

(Figure 28). The distal portion of the feature once again exhibits a collapsed lava tube 

morphology, although the collapse features here are more intermittent, smaller, and 

poorly defined compared to the proximal section (Figure 29). 

Figure 25-Proximal section of feature 1 exhibiting 
sinuous channel morphology. Note channel 

overflows at lower left. 

 (THEMIS V275980271, 181760181) 

Figure 26-Terminus of feature 1, a broad central 
channel within a lobate lava flow showing a well-

defined flow direction.  

(CTX P12_005769_1931_XN_13N094W1) 
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c. F

Figure 27-Proximal section of feature 2 
displaying a collapsed lava tube morphology 

(CTX P12_005769_1931_XN_13N094W1) 

Figure 29-Distal section of feature 2 showing irregular and widely spaced collapse pits  

(CTX P11_005347_1935_XN_13N093W1) 

Figure 28-Medial sinuous channel section of feature 2. The eastern portion of the channel appears to be 

incised into a pre-existing, broader channel. (CTX P11_005347_1935_XN_13N093W1) 
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c. Feature 3 

The total length of feature 3 is 246.3 km. The feature exhibits a sinuous channel 

morphology for 28 km, a collapsed lava tube morphology for 194.6 km, and a lava flow 

channel morphology for 23.7 km. The feature contains four distinct collapsed lava tube 

sections, the proximal and distal sections as well as two medial sections (Figure 30).  The 

sinuous channel and lobate lava flow channel sections are both bounded by collapsed 

lava tube sections. The flow channel section contains numerous teardrop-shaped islands 

within the channel (Figure 31). In another section, the channel appears to have been 

embayed by a number of recent flows leaving only two parallel narrow ridges as the only 

topographic expression of the channel (Figure 32). These are likely levees that formed 

along the original channel and were the only points high enough not to be covered by 

subsequent flows.  

Figure 30-Typical collapsed lava tube section of feature 3. 

(THEMIS V275980251) 
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Figure 31-Lobate lava flow channel section of feature 3 showing 
numerous small channel islands.  

(CTX B03_010766_1940_XN_14N092W1) 

 

Figure 32-Embayed channel section of feature 3. The narrow, parallel ridges are likely 
the crest of levees built up along the original channel and were the only points not 

covered by subsequent lava flows.  

(CTX P18_007984_1959_XN_15N093W1) 
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d.  Feature 4 

 Feature 4 exhibits a sinuous channel morphology for 101 km, and a collapsed 

tube morphology for 257.5 km. The total mapped length of the feature is 358 km, 

although, as can be seen in Figure 24, there are several sections towards the distal portion 

of the feature where there is not topographic expression of the tube at the surface and the 

feature was not mapped. Feature 4 could possibly be a continuation of feature 2 but there 

is a roughly 30 km gap between the distal end of feature 2 and the proximal end of 

feature 4 so this cannot be determined definitively. The collapsed tube sections of feature 

2 are unique in that they frequently split into multiple branches (Figure 34). The sinuous 

channel sections of the feature are the most complex that we observe on the plains, with 

many of them closely resembling the sinuous channels found on the proximal apron in 

that they display a complex, braided channel pattern and contain several channel islands 

Figure 33-Medial sinuous channel section of 
feature 3 showing a relatively straight channel 

without visible islands or levees. 

(CTX P18_007984_1959_XN_15N093W1) 
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(Figure 35). The complex portions of the channel are found at the point where the flows 

are diverted from their northeasterly flow direction to a due easterly flow direction by the 

edifice of Tharsis Tholus, suggesting that the complexity of the channel could be driven 

by the obstruction to flow posed by this volcano.  

 

 

Figure 35-Sinuous channel section of feature 4. Note complex geomorphology of the feature, compare to 
Figure 12 showing channels on the proximal apron of Ascraeus Mons.  

(THEMIS V263250201, V063070181) 

Figure 34-Collapsed tube section of feature 4 showing three 
well defined branches. Southern branch grades into a sinuous 

channel section at lower right. (THEMIS V271860381) 
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7. DISCUSSION: 

The difficulty of determining the origin of the sinuous channels ultimately centers 

around the fact that both lava and water have been demonstrated to be capable of forming 

the morphologies associated with the sinuous channels. Therefore, it may prove to be 

impossible to tell them apart based solely on physical characteristics observed at the 

resolution provided by spacecraft imagery. However, the spatial relationships between 

the sinuous channels and other features, such as the collapsed lava tubes, are what allow 

us to make a stronger statement about the origin of the sinuous channels.  

a. Evidence for a volcanic origin 

The fact that a large number of the sinuous channels, both on the proximal apron, 

distal apron, and surrounding plains, transition into either channels that are associated 

with a discrete lava flow or features that are interpreted as partially collapsed lava tubes 

makes a strong case that the entirety of the sinuous channel features have experienced 

volcanic processes. In particular, the collapsed lava tube morphology is not something 

that can be formed by flowing water. Although we could perhaps explain this relationship 

as the result of a coincidental alignment between a fluvial channel and a pre-existing lava 

tube, the regularity and consistency of this relationship makes such an explanation highly 

improbable.   

In addition, a number of the other spatial relationships that we observe are also 

consistent with a volcanic origin for the sinuous channels. When not obscured by younger 

deposits, the sinuous channels often extend across a much larger spatial extent than do 

the lobate lava flows in the same area. This relationship is typical of tubes and channels 

in terrestrial flows, because lava flowing along a developed channel rather than a broad, 
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lobate flow is insulated allowing it to travel further before cooling (Jurado-Chichay & 

Rowland 1995).  Lava flowing through a tube experiences additional insulation over lava 

flowing through a channel which could explain why lava tubes become increasingly 

dominant with increasing distance from the rift apron (Figure 36). This is what we would 

expect to observe if indeed these features do represent lava tubes since the additional 

insulation allows lava tubes to reach greater distances from the source area (Bleacher et 

al. 2007).  

Figure 36-Topographic 
profiles of sinuous channels on 

Ascraeus Mons showing the 
relative distribution of tubes 
and sinuous channels relative 

to the rift apron. 
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The proximal sinuous channels appear to be the most recent features on the rift 

apron. Bleacher et al. 2007 found a similar relationship in surface lava flows on the main 

flank of Olympus Mons and suggested that such a relationship indicates a shift from 

long-lived, stable tube-forming eruption to more sporadic and transient channel-forming 

eruptions (Bleacher et al. 2007). Since the channels on the distal apron and plains are 

often embayed, and therefore clearly older, it is possible that we are observing a similar 

relationship on the Ascraeus rift apron system where the distal portions of the apron and 

plains that have a high concentration of lava tubes were formed by older, higher-volume, 

and longer-lived eruptive events, and the proximal channels are the result of smaller 

eruptions that were not of a long enough duration to form many well-developed tubes.  

The channel systems also exhibit a number of characteristics that, while perhaps 

not explicitly indicative of a volcanic origin, are difficult to reconcile with a fluvial 

interpretation.  The width of the sinuous channels is generally constant over much of the 

length of the feature, unlike fluvial systems which generally increase in width 

downstream as additional material is added to the system (Ritter et al. 2002). The sinuous 

channels also rarely have tributaries. Only 1 of the 65 channels mapped is fed by a 

tributary channel whereas 46 of the channels consist of a single, isolated channel, 

although many of these have a braided channel pattern. Some also have small side 

channels that rejoin the main stem after short distances. The remaining 18 channels have 

distributary channels or are themselves distributary channels of an adjoining feature. 

Features in which multiple channels emerge from the same fissure and then quickly 

coalesce into a single main stem channel are not counted as tributary channels since the 

material feeding the channel is clearly originating from the same, well-defined source 
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area.  Distributary channels are rare in fluvial systems apart from alluvial fan-type 

deposits (Ritter et al. 2002) so the preponderance of such features in the Ascraeus 

features is further evidence against a fluvial origin.  

One of the primary objections against the sinuous channels being volcanic is the 

estimated volume of lava that would be necessary to erode channels the size of the 

Ascraeus features. Much debate has taken place over the roles of thermal vs. mechanical 

erosion in lava channels (Hurwitz et al. 2010). Calculations performed by Murray et al. 

2010 determined that the amount of lava required to erode a small sinuous channel on the 

Ascraeus Mons rift apron is two orders of magnitude larger than the estimated volume of 

the largest lava flows observed on Mars.   

However, Murray et al. 2010 does not clearly state whether these calculations 

consider both thermal AND mechanical erosion or just one individually. A combination 

of these two processes would decrease the amount of lava needed. A third factor to 

consider is the possibility that the channels are predominantly constructional features. 

Lava channels in Hawai’i have been observed to form almost purely by constructional 

processes (Harris & Rowland, 2007; Harris et al. 2008). Many proximal lava channels, 

such as the ones formed during the 1974 eruption of Mauna Ulu in Hawai’i, are enlarged 

and deepened by overflow of material from the channel that causes levees to build up on 

either side of the channel, thereby increasing its depth (Harris et al. 2008). Unfortunately, 

erosional and constructional channels often appear very similar in map view, especially 

on gradually sloping topography where there are no major slope breaks that would allow 

us to determine if the channel was incised into the surface or merely conforms to pre-

existing topography.  
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 Hurwitz et al. 2010 demonstrated that thermal erosion dominates on gradual 

slopes while mechanical erosion dominates on steeper gradients where energy is greater. 

Thermal erosion is thought to dominate on slopes of less than 5˚ (Hurwitz et al. 2010) 

and since nearly all of the mapped sinuous channels are found on gradients much 

shallower than this, mechanical lava erosion is unlikely to be a major contributing factor 

towards the formation of the sinuous channels. 

b. Evidence against a volcanic origin 

Murray et al. 2010 argue against a volcanic origin for these channels on the basis 

that the amount of lava needed to erode such a channel would be two orders of magnitude 

larger than the estimated volume of the largest lava flows emanating from the Ascraeus 

rift apron (Murray et al. 2010). They also note that there is no visible discrete lava flow 

of any significant size associated with the channel in their study, nor is there a visible 

area of deposition for the material that must have been removed from the channel; these 

observations make it unlikely that the channel was eroded by lava (Murray et al. 2010). 

However, as mentioned above, this study fails to consider the argument that the channels 

are constructional rather than erosional features.   

It is important to note that our interpretation of the channels as volcanic does not 

exclude the possibility of subsequent fluvial alteration of the channels, a phenomenon 

that could explain the increased complexity of the proximal channels (Bleacher et al. 

2010). Another possibility is that magma was erupted onto a surface that had been 

previously dissected by flowing processes. In such a situation, we would expect lava to 

preferentially flow along any pre-existing channels, directing larger-than-normal 
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quantities of lava into channels. However, without any information about subsurface 

geology, this is a nearly impossible theory to test.   

c. Constraints on geomorphology 

If both the apron and plains channels are attributed to volcanic processes, then 

another mechanism needs to be proposed to explain the observed differences in 

geomorphology between the two categories of channels. In particular, we need to explain 

why some of the channels are so much more complex than others. Ideally, this 

mechanism would also explain why we observe an alternating channel/tube morphology 

across short distances, such as in the channels mapped near Tharsis Tholus described in 

Section 6. 

The overall decrease in slope with increasing distance from the rift apron suggests 

that the morphology could be tied to the gradient of the underlying slope. The slope and 

topographic profiles derived from the MOLA data suggests a correlation between the 

morphology of the channels and the average gradient of the channels. Complex channels 

are observed to have an average gradient that is about 60% greater than the simple 

channels, although the slope is still under 1% in each case.   

While it has been established that lava tubes preferentially form on shallower 

slopes where lava flow velocity is lower (Sakimoto et al. 1996), the average gradient for 

the simple channels is almost identical to the average gradient derived for the chains of 

sinuous collapse pits that are interpreted as partially collapsed lava tubes. The fact that 

these two units are often found together suggests that there must be other factors involved 

that determine whether a lava tube or channel will form in a given area.  
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However, there are also several extremely complex channels located at extremely 

large distances (>1000 km from the rift apron). Possibilities for the formation of these 

channels include locally steeper slopes that are the result of previous volcanic activity, or 

possibly constrictions in the channels that lead to increased flow velocity. Breakouts from 

the tubes may also cause lava to preferentially flow along the surface in these areas.  

8. CONCLUSIONS: 

Being able to rule out a fluvial origin for the sinuous channels on Ascraeus Mons 

is important in unraveling both the volcanic and hydrologic history of Mars. Since the 

apron and associated flows formed relatively recently in Mars’ geologic history, 

attributing a fluvial origin to the channels would require that significant amounts of liquid 

water were present on the surface of Mars in the relatively recent past, an observation that 

would be difficult to reconcile with our current understanding of the planet’s geologic 

history. However, a volcanic origin requires no major modifications of our understanding 

of Mars, only an appreciation for the scale of constructional lava flow features on Mars.  

Determining that the raised vents are not a source for the sinuous channels is also 

important, as it establishes that there must have been two modes of volcanism occurring 

on Ascraeus Mons since we see raised vents that both pre- and post-date the sinuous 

channel features and associated flows (Signorella et al. 2012). The tubes and simple 

sinuous channels, which appear to be older and are found at greater distances from the 

main flank of Ascraeus Mons may represent an earlier period of voluminous volcanic 

activity that generated long-duration eruptions which favored the formation of channels 

and tubes at great distances from the source. The younger, proximal channels, would then 

represent a more recent stage of volcanic activity that was more sporadic and formed 
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shorter sinuous channels instead of the several-hundred-kilometer-long channels that we 

observe on the plains in the older units. A similar eruptive sequence has been proposed 

for Olympus Mons on the basis of similar spatial relationships (Bleacher et al. 2007). 

Ultimately, if the sinuous channel features on the Ascraeus apron are the result of 

volcanic processes, this could have implications for similar channels observed elsewhere 

on Mars. Features that are morphologically similar to the Ascraeus sinuous channels but 

much larger in spatial extent are observed in the terrain surrounding the Tharsis province 

(Figure 37). Such features are found all across Mars and have traditionally been attributed 

to fluvial activity (Carr 2006). However, this study adds to the growing body of evidence 

that flowing lava is capable of producing large-scale features by predominantly 

constructional processes, eliminating the need to infer unrealistic eruptive volumes to 

Figure 37-Large scale sinuous channel feature 1000 km northwest of Ascraeus Mons. This channel 
exhibits a morphology that is almost identical to the Ascraeus channels yet is vastly large than any 

confirmed lava channels on Mars. (THEMIS) 
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explain these channels via the processes of thermal and mechanical erosion.  At the very 

least, these larger channels are worthy of further study to rule out a volcanic origin.  
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APPENDIX A:Sinuous Channel data 

Feature ID Source Terminus Length 

(km) 

Morphology Elevation 

(start) (m) 

Elevation 

(end) (m) 

Gradient 

(%) 

  

50 depression collapsed tube 94.81 complex 7241 6256 1.04   

             91                                     buried lobate flow 

channel 

226.38 simple 3394 2822 0.25   

97 buried indistinct 36.01 complex 3347 3259 0.24   

103 not visible indistinct 23.66 simple 3283 3215 0.29   

117 buried collapsed tube 70.89 simple 3863 3625 0.34   

118 sinuous 

channel 

collapsed tube 35.47 simple 3711 3617 0.26   

122 depression buried 15.00 simple 3555 3530 0.17   

128 collapsed tube collapsed tube 56.67 complex 2653 2480 0.31   

153 buried buried 15.03 simple 3234 3171 0.42   

154 sinuous 

channel 

buried 4.30 simple 3234 3207 0.63   

155 buried buried 8.86 simple 3283 3270 0.15   

160 indistinct indistinct 4.61 simple 3552 3541 0.24   

188 buried indistinct 51.80 complex 2123 1927 0.38   

228 buried indistinct 24.37 complex 4334 4213 0.50   

267 sinuous 

channel 

collapsed tube 6.52 complex 1919 1891 0.43   

269 collapsed tube buried 3.36 simple 1804 1786 0.54   

270 buried collapsed tube 11.00 simple 1774 1713 0.55   

272 buried indistinct 63.47 complex 2268 2059 0.33   

281 depression indistinct 3.44 simple 7396 7325 2.06   

289 depression indistinct 4.45 simple 6828 6745 1.87   

290 sinuous 

channel 

lobate flow 

channel 

34.13 complex 6682 6404 0.81   

293 sinuous 

channel 

indistinct 21.21 complex 6682 6491 0.90   

296 depression buried 17.69 complex 6597 6503 0.53   

307 depression indistinct 33.30 complex 6516 6253 0.79   

310 sinuous 

channel 

indistinct 26.16 complex 6682 6441 0.92   

311 buried indistinct 7.87 complex 6645 6545 1.27   

313 depression indistinct 2.86 complex 6539 6512 0.94   

314 depression indistinct 3.42 complex 6540 6511 0.85   

315 depression indistinct 2.80 complex 6539 6513 0.93   

316 indistinct lobate flow 

channel 

5.83 complex 6452 6404 0.82   

318 depression buried 3.67 complex 6325 6305 0.54   

321 buried buried 12.00 complex 6282 6186 0.80   

324 indistinct lobate flow 

channel 

11.57 complex 6459 6384 0.65   

330 depression indistinct 7.22 simple 6343 6307 0.50   

332 depression sinuous channel 4.36 complex 6296 6246 1.15   

333 depression indistinct 7.82 complex 6303 6230 0.93   

334 depression indistinct 5.31 complex 6263 6214 0.92   
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Feature ID Source Terminus Length 

(km) 

Morphology Elevation 

(start) (m) 

Elevation 

(end) (m) 

Gradient (%)   

338 indistinct buried 4.77 complex 5845 5798 0.99   

340 buried indistinct 26.83 complex 5986 5760 0.84   

341 indistinct indistinct 12.88 complex 5908 5810 0.76   

347 indistinct indistinct 9.74 complex 5918 5692 2.32   

349 depression depression 27.92 complex 7463 7166 1.06   

354 buried indistinct 9.98 simple 2375 2356 0.19   

356 collapsed tube collapsed tube 18.23 simple 2290 2238 0.29   

366 indistinct collapsed tube 26.64 complex 2021 1913 0.41   

368 buried indistinct 7.06 simple 1528 1494 0.48   

370 indistinct indistinct 6.69 complex 1688 1659 0.43   

374 depression indistinct 26.07 complex 7592 7233 1.38   

375 sinuous 

channel 

depression 14.08 complex 7448 7258 1.35   

376 sinuous 

channel 

depression 7.51 complex 7523 7389 1.78   

378 depression indistinct 21.01 complex 7065 6801 1.26   

379 depression indistinct 18.01 complex 7057 6835 1.23   

380 depression sinuous channel 9.92 complex 7073 6951 1.23   

381 indistinct indistinct 26.70 complex 6290 6102 0.70   

382 depression indistinct 25.88 complex 6305 6118 0.72   

388 depression pit 6.51 complex 7667 7521 2.24   

393 indistinct indistinct 26.25 complex 6400 6021 1.44   

394 indistinct indistinct 7.33 simple 1901 1891 0.14   

398 buried indistinct 26.77 simple 6295 6088 0.77   

400 indistinct indistinct 50.19 simple 5150 4747 0.80   

401 indistinct indistinct 11.23 simple 4659 4590 0.61   

403 indistinct indistinct 40.96 simple 2319 2205 0.28   

404 indistinct indistinct 30.20 complex 2578 2469 0.36   

405 sinuous 

channel 

tube 83.56 simple 6256 5285 1.16   

  

% +/- 

Mean gradient (simple channels) 0.56 0.5 

Mean gradient (complex channels) 0.93 0.48 

 

Notes: “Source” and “Terminus” indicate the nature of the observed ends of the channel. 

“Indistinct” is noted in cases where the beginning or end of the channel is not discretely 

visible given the available imagery and resolution. “Buried” is noted if the beginning or 

end of the channel is clearly superposed by a younger unit.  
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APPENDIX B: Lava tube data 

Feature ID Length (km) Elevation 

(start) (m) 

Elevation 

(end) (km) 

Gradient (%) 

85 48.37 3965 3866 0.20 

86 60.09 2857 2691 0.28 

92 37.01 2753 2653 0.27 

93 12.08 3302 3264 0.31 

94 9.54 3313 3288 0.26 

95 10.25 3325 3298 0.26 

102 35.21 2855 2772 0.24 

107 3.31 3787 3782 0.15 

108 0.78 3782 3781 0.13 

109 2.23 3787 3782 0.22 

110 1.12 3783 3783 0.00 

111 0.53 3783 3784 -0.19 

112 2.88 3798 3785 0.45 

119 13.37 3627 3626 0.01 

120 13.37 3721 3682 0.29 

127 66.56 2480 2315 0.25 

133 28.07 2429 2341 0.31 

134 9.37 3878 3821 0.61 

137 19.66 3711 3640 0.36 

138 3.70 3666 3653 0.35 

140 12.58 3343 3329 0.11 

150 18.52 3944 3908 0.19 

174 8.93 3875 3926 -0.57 

184 8.79 2618 2588 0.34 

185 5.37 2580 2571 0.17 

186 23.60 3572 3508 0.27 

200 3.14 3926 3905 0.67 

201 4.69 3956 3933 0.49 

202 2.43 3950 3936 0.58 

203 3.45 3991 3973 0.52 

204 3.18 4002 3973 0.91 

205 0.35 3943 3942 0.29 

206 3.89 3962 3939 0.59 

207 3.79 3897 3864 0.87 

209 4.20 3861 3840 0.50 

233 39.20 5285 4837 1.14 

234 33.99 4811 4595 0.64 

235 2.14 4579 4559 0.93 

236 3.59 4529 4506 0.64 

237 9.82 4107 3995 1.14 
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Feature ID Length (km) Elevation 

(start) (m) 

Elevation 

(end) (km) 

Gradient (%) 

239 22.09 4497 4107 1.77 

240 4.14 4404 4329 1.81 

247 27.74 5171 4795 1.36 

248 16.95 4763 4634 0.76 

249 4.44 4584 4549 0.79 

250 4.17 4481 4466 0.36 

257 15.39 4200 4126 0.48 

258 21.82 4312 4237 0.34 

261 17.40 3824 3773 0.29 

263 50.94 4154 3954 0.39 

264 41.55 1913 1673 0.58 

265 47.04 1620 1331 0.61 

266 25.29 1863 1701 0.64 

268 11.46 1877 1804 0.64 

271 63.35 1713 1377 0.53 

273 2.91 1025 1014 0.38 

274 5.99 1066 1044 0.37 

275 3.99 1120 1118 0.05 

276 5.49 1180 1144 0.66 

277 17.85 1316 1191 0.70 

278 6.61 1232 1194 0.57 

304 5.09 6607 6563 0.86 

319 4.93 6713 6665 0.97 

320 34.41 6491 6229 0.76 

322 11.66 6790 6624 1.42 

351 21.32 3617 3574 0.20 

352 54.80 2693 2479 0.39 

353 10.84 2449 2409 0.37 

355 35.38 2331 2301 0.08 

357 54.22 2238 2108 0.24 

362 54.11 4439 4194 0.45 

367 13.04 1707 1604 0.79 

369 6.78 1838 1796 0.62 

385 10.37 4490 4429 0.59 

391 10.73 5348 5169 1.67 

395 39.41 2026 1911 0.29 

399 10.41 5106 4929 1.70 

402 15.20 1066 990 0.50 

Mean gradient (tubes) 0.54 
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APPENDIX C: Lobate lava flow channel data 

 

Feature ID Length (km) Elevation 

(start) (m) 

Elevation 

(end) (m) 

Gradient (%) 

13 24.04 6798 6084 2.97 

56 164.48 6349 4825 0.93 

62 30.83 5844 5554 0.94 

63 15.09 5920 5733 1.24 

80 29.02 5626 5466 0.55 

82 70.67 5594 5462 0.19 

83 30.10 5508 5454 0.18 

90 106.68 1688 1206 0.45 

104 2.46 2316 2298 0.73 

105 7.73 2312 2297 0.19 

106 84.66 2369 2119 0.30 

113 42.24 3577 3452 0.30 

114 36.99 3508 3413 0.26 

115 62.90 3603 3483 0.19 

123 54.52 3571 3453 0.22 

124 274.83 1880 645 0.45 

125 120.23 1987 1306 0.57 

126 44.82 2822 2702 0.27 

139 22.95 3508 3453 0.24 

152 40.21 3446 3357 0.22 

156 125.81 3438 3103 0.27 

157 17.54 3195 3138 0.32 

158 4.72 3159 3138 0.44 

159 56.33 3430 3293 0.24 

168 54.68 3938 3807 0.24 

208 3.07 3889 3864 0.82 

227 31.49 3643 3570 0.23 

241 19.72 4544 4090 2.30 

242 20.87 4359 4022 1.61 

253 10.90 5149 4831 2.92 

262 21.18 3838 3807 0.15 

327 13.50 6476 6401 0.56 

328 8.12 6458 6412 0.57 

337 50.88 6404 5959 0.87 

344 19.66 5895 5354 2.75 

350 37.14 3622 3543 0.21 

358 23.70 2108 2026 0.35 

360 37.06 5150 4950 0.54 
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361 112.49 4735 4272 0.41 

389 23.47 6622 5910 3.03 

  Mean gradient (lobate lava flow channels) 0.76 

 


