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INTRODUCTION

Water has clearly played an important part in the 
geological evolution of Mars. There are many features 
on Mars that were almost certainly formed by fluvial 
processes – for example, the Kasei Valles and Ares 
Vallis channels in the Chryse Planitia area of Mars are 
almost certainly fluvial features. On the other hand, 
there are many channel features that are much more 
difficult to interpret – and have been variously at-
tributed to volcanic and fluvial processes (Bleacher et 
al., 2010; Murray et al., 2010). Unraveling the details 
of the role of water on Mars is extremely important, 
especially in the context of the search of extinct or 
extant life. In this project we built on recent work in 
determining the origin of one channel on the south-
west rift apron of Ascraeus Mons (Fig. 1) (Bleacher 
et al., 2010). This project took advantage of recently 
available datasets to map and analyze similar features 
on Ascraeus Mons and some other areas of Mars. A 
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better understanding of how these particular chan-
nel features formed might lead to the development of 
clear criteria to distinguish how other Martian chan-
nel features formed. Ultimately, this might provide us 
with a better understanding of the role of volcanic and 
fluvial processes in the geological evolution of Mars.

PREVIOUS WORK

The observations of sinuous channels on the Moon 
and Mars has led to a debate over their formation 
either as a result of fluvial or volcanic processes. This 
debate demonstrates the similar characteristics of 
fluvial and volcanic channels and their products (Le-
verington, 2009). Recently, evidence was presented 
that suggested that at least one channel system on As-
craeus Mons, previously interpreted to have formed 
by fluvial processes (Murray et al., 2010), was likely 
formed by flowing lava (Bleacher et al., 2010).
This study focuses on a channel exposed on the 

Figure 1 Map of the southern rift apron and surrounding areas of Ascraeus Mons showing the features mapped by the 
students.
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for the distal portion of this channel. And thus the 
whole feature is volcanic in origin (Bleacher et al., 
2010). The Keck project expanded on this earlier 
study by examining other channels on Ascraeus Mons 
and in other locations on Mars (Fig 1).

GOALS AND SIGNIFICANCE

The focus of the Keck project is to study the entire 
southwest rift apron of Ascraeus Mons. We wanted to 
know if there are other channels that display similar 
features to the one we studied previously and whether 
these channels can be ascribed to volcanic or fluvial 
processes. As such, the objective is to understand 
the distribution of similar channel networks and 
their relative temporal relationship to other features. 
We hoped to be able to develop criteria that can be 
applied to Martian channel features in order to dis-
tinguish their mode of formation. Although we had 
previously concluded that one specific feature was at-
tributed to fluvial activity, is actually volcanic, there-
fore it is important that we do not overextend our new 
inference to suggest that all features in the area might 
share a similar history without conducting the neces-
sary mapping.

RESEARCH QUESTIONS

 1) What are the characteristics and distribution of 
channels on Ascraeus? What are the characteris-
tics of the proximal, medial and distal parts of each 
channel? 2) What are the similarities and differences 
between the channels - do all the channels have the 
same basic morphology? What are the differences? Is 
there a relationship between the morphology and age 
of the features? 3) What is the origin of the channels 
– volcanic or fluvial or some combination of both, or 
another completely different mechanism? 4) How do 
these channels compare to channels on similar volca-
noes in the Tharsis area? What about other areas of 
Mars? 5) How do these channels compare to Martian 
channels that are generally agreed to be fluvial in ori-
gin? 6) Can we develop better criteria to distinguish 
volcanic from fluvial channels on Mars? 7) What do 
these channels tell us about the geological evolution 
of Ascraeus? The Tharsis Montes area? Mars gener-
ally? 8) If unique types of channels are identified, did 
they form at one specific period of time in Martian 

east side of the southwest apron of Ascraeus Mons 
(Fig. 1). Earlier studies by us (Bleacher et al., 2007; 
Trumble et al., 2008) and other researchers (Mougi-
nis-Mark and Christensen, 2005; Murray et al., 2010) 
had suggested that the channel resulted from fluvial 
erosion. These studies were hampered by the limited 
data available at the time which meant that only the 
proximal part of the feature could be studied. The 
channel originates from a NE trending fissure with a 
possible relationship to a larger rille to the north. The 
fissure does not display a topographic “cap” typical of 
nearby small volcanic vents. The channel is traceable 
for >270 km and we observe unique morphologies 
along the proximal, medial, and distal sections of the 
flow.

The proximal section extends ~60 km from the fissure 
and displays anabranching, braided and hanging chan-
nels, terraced channel walls, no levees, “streamlined” 
islands, and flow margins that are difficult to detect 
or are embayed by younger materials. The medial 
section extends from 60-170 km. Here the channel 
is composed of one sinuous trench that also lacks 
clear levees. Generally this section of channel is sur-
rounded by a smooth surface but sometimes shows 
minor leveed channels leading away from the main 
channel, probably due to overflow. Flow margins are 
difficult to determine and are sometimes embayed by 
younger materials. The distal section extends from 
170 to >270 km and displays a significantly different 
morphology. At 170 km the slope decreases from 
0.7- 1o towards the fissure to 0.3-0.6o. Here, the chan-
nel is located along the axis of a ridge that exceeds 40 
m in height. In some locations the channel is roofed 
over. Furthermore, rootless vents are located along the 
axis of the ridge. These rootless vents display topo-
graphic “caps” up to 1 km in diameter and radiating 
flows, some extending for several kilometers.
Visual inspection of the Ascraeus channel’s proximal 
section shows braided and hanging channels, terraced 
walls, and streamlined islands all of which have led 
many to suggest an origin involving fluvial activity 
based solely upon morphologic inferences. How-
ever, new image data enabled a complete view of the 
channel, including its distal portions, which display a 
topographic ridge, well defined flow margins, roofed 
channel sections, and rootless vents. We suggested 
that these features are indicative of a volcanic origin 
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nents: Component 1 involved mapping the Ascraeus 
Mons rift apron (Fig 1). The students downloaded, 
georeferenced and assembled a dataset in ArcGIS. 
They then characterized and mapped the various 
morphological features associated with the channels. 
They measured various parameters such as aerial ex-
tent, cross-sectional morphology and channel gradi-
ents and described and interpreted these morphologi-
cal features based on an understanding of plausible 
geological processes on Mars. Component 2 involved 
comparing the Mars features to analog features on the 
Earth including observations made during a five-day 
trip to Hawai’i (Fig. 2). The students were able to 
refine their interpretation of the origin of the Mars 
features informed by their observations of terrestrial 
features of known origin. They then attempted to 
develop criteria to distinguish fluvial and volcanic 
features. Finally the formation of these features was 
placed into the broader context of the geological 
evolution of Mars by mapping their boundaries to 
determine their relationship with other volcanic (and 
fluvial) deposits. 

Figure 2 The Mars research group at Pohue Bay, Hawai’i. 
From left to right: Andrew de Wet, Zach Schierl, Julia 
Signorella, Ben Schwans, Jake Bleacher, and Andrew Col-
lins.

Figure 3 Map of Andrew Collins’ study area showing features on and extending from the southwest rift apron of As-
craeus.  The image uses a THEMIS base map and THEMIS and HRSC high-resolution imagery patches with the GCS_
Mars_2000_Sphere coordinate system on a cylindrical equilateral projection.

history, or are they stratigraphically and temporally 
contemporaneous with other eruptions and channel 
forming events on Ascraeus Mons?

PROJECT DETAILS

The student projects were comprised of two compo-
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nels, both on the apron and on the surrounding plain, 
transition into lava tubes or channels that are clearly 
associated with discrete lava flows. The difference in 
morphology between the simple and complex chan-
nels is likely tied to the observed difference in slope 
rather than the mode of formation. The preponderance 
of lava tubes over channels on the surfaces with shal-
lower slopes, is likely the result of lava tubes being 
more likely to form on shallower slopes where the 
flow velocity is reduced (Sakimoto et al., 1997).

Ben Schwans (Trinity University) mapped the sinuous 
channels on the south-western part of the SW apron 
of Ascraeus Mons.

Julia Signorella (Franklin & Marshall College) fo-
cused on sinuous channels on the south-eastern part 
of the southern rift apron of Ascraeus Mons (Fig. 5). 
Julia was able to show that most of the sinuous chan-
nels had their origin in elongate depressions (fissures) 
or pits  (vents) that postdated the numerous isolated 
low shield volcanoes in the area.  The low shield 
volcanoes with associated summit vents were prob-
ably formed by numerous small relatively intermittent 
eruptions that produce the topographically positive 
features whereas the depressions were likely the 
source of continuous eruptions of very large volumes 
of material producing the associated sinuous chan-

STUDENT PROJECTS

Andrew Collins (The College of Wooster) mapped 
and analyzed sinuous channels on the north-western 
part of the SW rift apron of Ascraeus Mons and then 
compared them to similar channels on the Pavonis 
Mons volcano, Mars. Field observations of similar 
features of known volcanic origin on the island of 
Hawai’i provided terrestrial analogs for these Mars 
features. Andrew was able to show that the morpholo-
gies between these two volcanoes in the Tharsis 
province are very similar and likely formed by com-
parable processes, as previous authors have suggested 
(Bleacher et al., 2007). Although the morphology of 
many of the channels around both of these volcanoes 
show some similarities to terrestrial fluvial systems, 
these morphologies can also be formed by volcanic 
processes. The context of these features suggests that 
volcanic processes were the more likely cause of 
these channels (Fig. 3).

Zachary Schierl (Whitman College) focused on the 
origin and morphology of sinuous channels extend-
ing from the south-eastern part of the SW rift apron 
of Ascraeus Mons onto the surrounding plains sur-
rounding Tharsis Tholus (Fig. 4). Zach argued that the 
sinuous channel features were produced by volcanic 
processes since a large number of the sinuous chan-

Figure 4. This map shows the distribution of sinuous channels (red), collapsed lava tubes (green), and lava flow channels 
(orange) on the Ascraeus Mons rift apron and surrounding plains extending east to Tharsis Tholus (shield at upper right) 
as mapped by Zach Schierl.
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Figure 5. This map of Julia Signorella’s study area shows part of the SW rift apron of Acraeus Mons. The study area starts 
on the SE part of the apron and extends out onto the adjacent plain. Two cross-sections show that the sinuous channels 
are topographically low in the proximal sections and occur on broad raised areas towards the medial and distal sections.

nels.  These depressions are similar to those produced 
by fissure eruptions as seen on Hawai’i. The sinu-
ous channels transition from incised features in the 
proximal section; to tubes, roofed over sections, and 
collapsed pits in the medial section; to topographi-
cally positive features in the distal section.  Analo-
gous features were observed at Pohue Bay and Mauna 
Ulu on Hawai’i suggesting that the Mars channels are 
volcanic in origin.  

Several of the students presented their results at the 

LPSC meeting in Houston in March, 2012 (Collins et 
al., 2012; Schierl et al., 2012; Signorella et al., 2012).

CONCLUSIONS

1) Numerous sinuous and braided channels previously 
interpreted as either volcanic or fluvial in origin, oc-
cur on the SW apron of Ascraeus Mons.
2) Most of the sinuous channels originate from elon-
gate, structurally controlled pits on the apron. Other 
sinuous channels occur away from the apron but are 



59

25th Annual Keck Symposium: 2012 Amherst College, Amherst, MA

continuous with broader flows that originate on the 
SW apron of Ascraeus Mons.
3) The sinuous and braided channels are continuous 
with (grade from or into) broader channels, roofed 
over channels, aligned pits, and isolated vent features.
4) While some sinuous channels appear to have mor-
phologies similar to features formed by fluvial pro-
cesses, all the features observed could reasonably be 
formed by volcanic processes. 
5) Some features (tubes, isolated vents, collapsed 
channels) can plausibly only be formed by volcanic 
processes. Analogous features formed by volcanic 
processes are observed in numerous terrestrial volca-
nic areas, most notably Hawai’i. 
6) The sinuous and braided channels on the SW rift 
apron of Ascraeus Mons grade into volcanic features 
and are thus interpreted as volcanic in origin.

ACKNOWLEDGEMENTS

Funding was provided by the Keck Geology Consor-
tium, ExxonMobil, and Franklin & Marshall College. 
We thank scientists at NASA-GSFC for their presen-
tations to the Keck Mars research group including 
Herb Frey, Michael Mumma, Melissa Trainer and 
Nicholas Schmerr.

REFERENCES

Bleacher, J.E., Greeley, R., Williams, D.A., Cave, 
S.R., and Neukum, G., 2007. Trends in effusive 
style at the Tharsis Montes, Mars, and implica-
tions for the development of the Tharsis prov-
ince: Journal of Geophysical Research, v. 112, 
E09005, 15 p., doi:10.1029/2006JE002873.

Bleacher J.E., de Wet A.P., Garry W.B., Zimbel-
man J.R., and Trumble M.E., 2010. Volcanic or 
Fluvial: Comparison of an Ascraeus Mons, Mars, 
Braided and Sinuous Channel with Features of 
the 1859 Mauna Loa Flow and Mare Imbrium 
Flows: Lunar Planetary Science Conference, 
#1612.

Collins A., de Wet A. P., Bleacher J. E., Schierl Z., 
Schwans B., Signorella J., and Judge S., 2012. A 
Comparison and Analog-Based Analysis of Sinu-
ous Channels on the Rift Aprons of Ascraeus 

Mons and Pavonis Mons Volcanoes, Mars: Lunar 
Planetary Science Conference, #1686.

Garry, W. Brent, Zimbelman, James R., and Gregg, 
Tracy K.P., 2007. Morphology and emplace-
ment of a long channeled lava flow near 
Ascraeus Mons Volcano, Mars: Journal of 
Geophysical Research, Vol.112, E08007, 
doi:10.1029/2006JE002803. 

Leverington, David W., 2009. Reconciling channel 
formation processes with the nature of elevated 
outflow systems at Ophir and Aurorae Plana, 
Mars: Journal of Geophysical Research, Vol. 
114, E10005, doi:10.1029/2009JE003398

Mouginis-Mark, P.J., and Christensen, P.R., 2005. 
New observations of the volcanic features on 
mars from the THEMIS instrument: Journal of 
Geophysical Research, v. 110, E08007, 17 p., 
doi:10.1029/2005JE002421.

 
Murray, John B., Van Wyk De Vries, B., Marquez, A., 

Williams D., Byrne P., Muller, J., and Kim, J., 
2010. Late-stage Water Eruptions from Ascraeus 
Mons Volcano, Mars: Implications for Its Struc-
ture and History: Earth and Planetary Science 
Letters 294, p. 479-491. 

Sakimoto, S.E.H., Baloga, S.M., and J. Crisp, 1997. 
Eruption constraints on tube-fed planetary lava 
flows, Journal of Geophysical Research-Planets, 
Vol. 102 (E3),  6597-6613.

Schierl, Z. P., Spencer P., Signorella J., Collins A., 
Schwans B., de Wet A. P., and Bleacher J. E., 
2012. Origin of Sinuous Channels on the SW 
Apron of Ascraeus Mons and the Surrounding 
Plains, Mars: Lunar Planetary Science Confer-
ence, #1602.

Signorella J. D., de Wet A. P., Bleacher J. E., Collins 
A., Schierl Z. P., and Schwans B., 2012. Volcanic 
or Fluvial Channels on Ascraeus Mons: Focus 
on the Source Area of Sinuous Channels on the 
Southeast Rift Apron: Lunar Planetary Science 
Conference, #2773.



60

25th Annual Keck Symposium: 2012 Amherst College, Amherst, MA

Trumble M.E., Bleacher J.E., de Wet A.P., Merritts 
D.J., and Garry W.B., 2008. Geomorphologic 
Mapping and Characterization of Channel 
Networks on the Tharsis Montes, Mars: Lunar 
Planetary Science Conference, #1698.




