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Introduction: Among the most important ques-
tions in planetary science is whether life developed 
elsewhere in the solar system. Chemoautotrophic eco-
systems are known to exist in isolated terrestrial caves 
and survive without solar-energy input [1], suggesting 
that similar organisms could conceivably exist in iso-
lated Martian cave environments if appropriate mineral 
deposits are present. The vast majority of terrestrial 
cave systems contain microbial life in some form [Bos-
ton, personal communication, 2009]. 

The Martian surface experiences a range of signifi-
cant hazards such as micrometeoroid bombardment, 
solar flares, UV radiation, high-energy particles from 
space, intense dust storms [2-6] and extreme tempera-
ture variations [7]. If microbial life has ever existed on 
Mars then it may have been limited (or forced to mi-
grate) to the protection of cave environments [e.g., 
8,9], which offer effective long-term protection from 
these hazards. Caves are therefore among the only 
human-accessible locations on Mars capable of pre-
serving evidence of past or present microbial life [5].  
 
Caves on Mars:   

Source Data: The Mars Odyssey Thermal Emis-
sion Imaging System (THEMIS) visible-wavelength 
camera observes the Martian surface at scales down to 
~18 m/pixel [10] and was first to observe the candidate 
cave skylights discussed here. These features are too 
small to be resolved at thermal-infrared wavelengths 
by the 100 m/pixel THEMIS thermal-infrared (IR) 
camera. The Mars Reconnaissance Orbiter (MRO) 
Context Camera (CTX) observes the surface at ~6 
m/pixel [11], and provides clearly more defined sky-
light examples. At this time, CTX coverage does not 
include much of the region north of Arsia Mons where 
most of the THEMIS-observed skylights have been 
identified. Thus far, the MRO High Resolution Imag-
ing Science Experiment (HiRISE) has observed one of 
these skylights in fine detail (~0.25 m/pixel – about 
1/5000 of a single THEMIS 18-m pixel) [12], where 
an overhanging rim and dust-mantled interior are 
clearly resolved.  

Observations: The skylight-bearing rille structures 
discussed here were all identified in the extensive rift 
apron north of Arsia Mons (southernmost of the mas-
sive Tharsis-ridge shield volcanoes). The proposed 
skylight entrances into these features appear in the 
images as intermittently occurring dark holes within 
rille structures that can be linear, sinuous, branched or 
braided, and can extend for more than 100 km. All of 
the observed rilles run continuously down-slope at 

angles of ~0.5° or less. Specific morphologies of these 
structures vary between individual examples, though 
most can be associated with one of two distinct mor-
phological groups. Some of these rilles are visibly con-
sistent with many known tube-fed lava flows on Earth 
[e.g., 13,14], appearing as relatively narrow channels 
(<60 m across, Figure 1) that follow a single, sinuous 
path along the crest of an axially running topographic 
rise with occasional rim levees, tumuli and skylights. 
These features are tell-tale indicators of a tube-fed 
system emplaced by inflation, which can be a domi-
nant pāhoehoe emplacement mechanism across shal-
low slopes [15]. The rilles that run along the flow axis 
are downward-propagating cracks that result from ex-
tension of the upper crust during inflation, and do not 
necessarily indicate the diameter of a subsurface 
evacuated tube or that any internal collapse has oc-
curred.  

 

 
Figure 1: CTX image of a tube-fed lava flow containing 
skylight cave entrances. 
 

Other rilles are considerably wider than the lava-
tube rilles (~100-200 m, Figure 2). These are mostly 
linear with numerous sections that conjoin at sharp 
angles (usually slightly greater than 90º) and have the 
visible appearance of large tectonic fracture networks. 
Evidence that viscous volcanic materials took advan-
tage of these subsurface fractures can be seen in the 
form of occasional rim levees, skylight entrances and 
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lateral breeches with substantial outflow patterns. 
These volcano-tectonic rilles may be analogous to a 
feature in Kilauea Volcano’s southwestern rift zone 
called ‘The Great Crack,’ which hosts caves that can 
exceed 180 m in depth. 

Discussion: The rift apron north of Arsia Mons ex-
tends more than 500 km from the summit caldera, and 
consists of innumerable superimposed lava flows. Sub-
surface lava conduits likely facilitated the growth of 
such long flows by providing the insulation necessary 
for lava to maintain low viscosity as it traveled such 
great distances over shallow slopes [16-18]. Modeling 
the dependence of lava-tube length on effusion rate 
and tube diameter, Keszthelyi [16] determined that lava 
tubes (formed in Mars’ thermal and atmospheric con-
ditions) could easily exceed 800 km in length—even 
with effusion rates as low as 20 m3/sec and tube di-
ameters as narrow as 15 m. The skylight entrances 
discussed here, as well as their host structures, appear 
generally consistent with orbital views of candidate 
terrestrial analogs.  

Habitat Potential: Cave interiors, by nature, are 
protected from all of the previously mentioned hazards 
that exist on Mars’ surface. Dust storms and microme-
teoroids cannot reach cave interiors, temperature varia-
tions are minimized in cave environments [e.g., 9, 20-
22], and ceiling thicknesses of only 1-2 m are suffi-
cient to effectively shield against all types of incoming 
radiation [23,24]. Boston et al. [5,9] discuss possibili-
ties for past or present biological activity in Martian 
caves and new exploration technologies that must de-
veloped to explore them. 

Exploration: Considerable advancements in explo-
ration technology are necessary before visiting such 
structures can be considered. Precision landing tech-
niques must be developed to target such small and 
specific sites (at relatively high elevations), and meth-
ods of entering and exploring cave environments 
(while maintaining contact with the surface) must also 
be developed (e.g., [9]). Furthermore, international 
planetary protection treaties forbid any visitation to 
candidate astrobiology sites until microbial contamina-
tion issues can be addressed [19]. Regardless of the 
challenges ahead, this identification of viable cave 
targets is a necessary step to promote development of a 
new category of planetary exploration technologies. 

Conclusions: Volcanic regions are extensive across 
Mars and the discovery of cave entrances within them 
is not surprising. At least 2 different cave-forming 
mechanisms appear to have operated in the flow field 
north of Arsia Mons; lava tubes, and hybrid vol-
cano/tectonic fracture networks. Now that specific 
examples have been identified, we can examine their 
characteristics in detail to ascertain their suitability for 

habitation and to determine what capabilities may be 
necessary for future explorers. 

Future Work: Being a newly identified category of 
surface feature on Mars, considerable work is required 
before the global distribution and frequency of sky-
light occurrences can be determined. Because the 
structures discussed here were identified within a lim-
ited sample area, other examples are likely to exist in 
other volcanic regions across Mars. We will use both 
THEMIS and CTX data to conduct a planetwide sur-
vey. Future HiRISE observations are expected to show 
details of rim and floor morphologies that may help to 
constrain formation theories and identify exploration 
candidates.  

The next generation of thermal-infrared camera to 
orbit Mars may observe the surface at resolutions of 10 
m/pixel or finer, which is necessary to advance theo-
ries of how these structures extend beneath the surface. 
Determining the subsurface extent of these caves is 
crucially important to understanding their capability to 
protect or preserve biological activity. At this time, 
however, there are not yet plans to develop such an 
instrument.   

 
Figure 2: HiRISE observation of cave entrances in a 
proposed volcano-tectonic fracture network. 
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