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Introduction: The High Resolution Stereo Camera 

(HRSC) onboard ESA’s Mars Express (MEX) orbiter 
[1] has provided 12.5 m/pixel projected images for a 
north-south transect of the four major Tharsis shield 
volcanoes. These data provide an unprecedented 
opportunity to examine lava flows at high resolution 
with regional context. Our objective is to characterize 
late-stage effusive processes and identify potential 
volcanic trends based on superposition relationships 
and types of lava flows similar to the approach used to 
characterize eruptive processes at Kilauea, Mauna Loa, 
and Mount Etna [2,3]. Our results provide new insight 
into the evolutionary stages of the Tharsis Montes 
originally defined by Crumpler and Aubele [4].  

Background and Approach: Lava tubes and 
channels are structures that form during the 
emplacement of basaltic flow fields [5]. Although 
these features can transition between one another 
within a flow field, they generally represent different 
emplacement conditions [5,6]. Terrestrial observations 
of active flows show that tubes form during longer-
lived, steady effusions of lower viscosity lava. In 
contrast, channels form during shorter-lived, 
fluctuating, higher rate effusions of higher viscosity 
lavas [3,7-13]. Mapping of terrestrial shield volcanoes 
shows different abundances of these flow structures 
[2,3]. Because they tend to form as a result of different 
eruptive conditions, the abundance of each lava flow 
type can be used to characterize the eruptive history of 
that volcano.  

The HRSC provides high resolution images over 
large areal extent, enabling consistent mapping of lava 
flows. Our goal is to determine the abundance of tube- 
fed, channel-fed, and other flow types, to assess trends 
associated with their location on the flank, and to 
identify potential evolution in effusive processes. We 
map lava tubes based on the presence of sinuous chains 
of collapse pits, or in their absence we infer tube 
presence based on features interpreted to have formed 
by inflation. We map lava channels when leveed linear 
flows are resolvable. These same features were used 
previously to suggest the presence of martian tubes and 
channels [14-17 and others].  

The north-south transecting HRSC images define 
the mapping areas for each volcano. We drape these 
data over the MOLA 128 pix/deg grid to provide a 
topographic base. The image mapping is supplemented 

by THEMIS and MOC data where applicable. Our 
mapping is conducted in ArcGIS (by ESRI) enabling 
integration of these data.  

Olympus Mons: Olympus Mons (OM) was 
imaged on MEX orbit 37. Channel-fed flows are the 
dominant flow type, covering roughly half of the flank. 
Tube-fed flows and raised ridges (interpreted as lava 
tubes for which roof collapse has not occurred) cover 
~8% of flank. The summit region is composed 
dominantly of a hummocky unit (rough at the km 
scale) that transitions to a combination of a mottled 
unit (rough on the 10s to 100s of meters scale), 
channels, and tubes. Channel abundances increase 
distally on the flank while tubes decrease in abundance 
with distance from the summit. Tabular, or sheet-like 
flows are infrequently and randomly distributed across 
the flank, but are the dominant distal unit beyond the 
basal scarp where OM flows are embayed by Tharsis 
Plains flows. A fan unit displays a topographically 
positive delta shaped deposit of smooth to linear flows 
radiating down slope from an apex.  

The smooth to linear texture of lava fans typically 
transitions into the broader leveed, channel-fed flows 
distally from the apex. Lava tubes trend into the apex 
of roughly 80% of the fans, and in several cases tubes 
are observed trending out of the fans where the 
transition to channels occurs. Lava fans that lack this 
relationship with tubes are embayed by channels that 
were diverted around the topographically high apex. 
Channel-fed flows display a similar embayment 
relationship with tube-fed flows. Because tube-fed 
flows are typically embayed by channels, they are only 
observed as discontinuous segments of a few 10s km.  

Arsia Mons: MEX orbit 1904 crossed Arsia Mons 
(ArM) and covered the western half of the caldera and 
summit region. The ArM units are broadly divided into 
the main flank and the rift apron to the southwest. The 
main flank is dominated by a hummocky unit similar 
to that observed near the summit of OM, transitioning 
to mottled surfaces and subdued channels. The 
subdued channels display flow features similar to lava 
channels, but appear more muted. The flank units are 
truncated by typically smooth floored collapse features 
that make up the northeast trending rift zone [4,18]. 
The depressions appear to be the source region for the 
flows that makeup the rift apron, which is composed of 
the same flow units mapped on the flank of OM. 
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Braided channels, not seen at OM, are roughly the 
same width as the lava channels but lack distinct levees 
and form braided networks. This unit is present along 
the axis of the rift apron. Only one fan is observed on 
the rift apron, located at the distal margin of the main 
braided channel network. 

Pavonis Mons: MEX orbits 891 and 902 have 
HRSC coverage that overlaps and together transect 
Pavonis Mons (PM), including the caldera. The PM 
units are divided into the main flank, southwest rift 
apron, and a low shield field [18]. The main flank of 
PM is also composed of the hummocky, mottled, and 
subdued channel units. However, the subdued channels 
are more abundant than at ArM. The flank units are 
truncated by similar collapse features defining the PM 
northeast trending rift, which is areally smaller than at 
ArM. Dispersed around the collapses are several small 
cones indicating that magma was delivered to the 
surface in this region, supporting the interpretation of 
the rift as the source for the apron flows. Although the 
map only includes the apex region of the apron, the 
same flow units are present as observed at OM and the 
apron of ArM. However, within the map area no 
braided channels are detectable. Superposed over the 
southeastern portion of the apron is a low shield field 
(LSF). This plains-style lava field is composed of >31 
low shields and fissure-fed flows. The plains flows 
were emplaced via a combination of lava tubes and 
sheets, surrounding the low shields and maintaining a 
slope <1º, while the channel dominated portion of the 
apron displays slightly higher slopes.  

Ascraeus Mons: MEX orbits 68 and 1206 overlap 
and transect Ascraeus Mons (AsM) including the 
caldera and parts of the western flank. AsM can also be 
divided into the main flank, rift apron, and a LSF [18]. 
The main flank displays more lava and subdued 
channels [19] than either ArM or PM. Some features 
suggest the presence of lava tubes, but they are areally 
insignificant compared to their abundance on OM. The 
AsM flank units are also truncated by the rift zone, 
which is again the source region for the apron flows. 
The apron is dominated by lava and braided channels, 
and the mottled unit. Unlike PM, where the LSF is 
dominantly superposed over the apron, the relationship 
at AsM is more complex. The LSF is composed of low 
shields, fissure-fed flow fields, and intraplains flows, 
but many flows from the apron also embay the smaller 
eruptive centers. The AsM shield field also displays 
braided channels.  

Summary and Conclusions: Our mapping 
provides new insight into the evolution of the large 
Tharsis volcanoes. Based on lava flow types and their 
relationships, we assume that OM represents a main 
shield building stage [4]. The fans are the only eruptive 

centers on the flank within our map area. In some cases 
fans are associated with the mapped thrust faults [20] 
that define large flank terraces. Fans are dominantly 
associated with lava tubes, and we suggest that fans 
represent local lava outpourings where tube-fed flow 
was restricted or where tubes crossed major slope 
breaks such as the flank terraces. The relationship 
between lava tubes, their products, and lava channels 
suggests a change in eruptive style at OM from longer-
lived steady effusions to shorter-lived fluctuating 
eruptions. The result is channel-embayed tubes with a 
high channel:tube ratio. A similar transition in eruptive 
style is seen at Hawaii as shields progress through 
several evolutionary stages [2,3]. 

The central flanks of the Tharsis Montes appear to 
have undergone a similar transition before rifting was 
initiated, as they display subdued channels and 
mottled/hummocky terrains that could in part be the 
result of dust burial. As summit eruptions became 
unsteady and shorter-lived effusions, continued magma 
supply rifted the shields apart, establishing new 
eruptive centers lower on the flanks. Rift apron lava 
flow types and abundances suggest that eruptions at 
the rift were likely similar to the summit eruptions that 
emplaced the most recent flows on the OM flank. 
Relationships at AsM suggest a strong coeval nature 
between plains-style volcanism and rift eruptions, 
while PM relations indicate that plains-style volcanism 
closely followed the most recent rift eruptions.  ArM 
displays no development of plains-style volcanism. 
The LSFs are the most obvious morphologic difference 
between the Tharsis Montes and might represent 
different evolutionary paths following the onset of 
flank rifting.    
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