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Introduction: Past volcanism and its gradual inter-

actions with aeolian processes have played a vital role 
in Martian landscape evolution. With the possibility 
that future Mars missions might be focused more on 
subsurface exploration, Martian lava fields and associ-
ated caves appear to be interesting targets for astrobio-
logical, geomorphological, and in-situ resource utiliza-
tion (ISRU) research [1, 2]. Caves display steady envi-
ronmental, geophysical, and geochemical conditions 
supporting habitation in extreme extraterrestrial condi-
tions [3]. Several possible “skylights” of usually >100 
m diameter have been reported in Martian lava fields. 
However, a possible prevalence of meter-scale fea-
tures, about an order of magnitude smaller and difficult 
to identify even in HiRISE images, cannot be ruled 
out.  

There are several constraints and facets of remote 
sensing-based research on Martian caves/lava tubes: 
(1) spotting and confirming caves in remote sensing 
images is difficult unless we have images from multi-
ple view angles, 3D terrain profiles, thermal signa-
tures, and subsurface RADAR profiles; (2) to project it 
as the site of future Mars exploration or settlements, 
determining the structural soundness and approachabil-
ity of any cave is important, again requiring multiple 
data inputs; (3) the Martian equivalents of smaller ter-
restrial lava cave types can still be sufficiently large as 
exploratory targets, owing to lower Martian gravity. 
However, they can still be undetectable in available 
remote sensing images owing to their smaller dimen-
sions.        

The Icelandic volcanic-aeolian environment can 
serve as a good analogue site to study smaller lava 
caves such as inflationary caves, surface tubes, liftup 
caves, and conduits. Iceland has about 15,000 km2 of 
active sandy deserts consisting of volcanic materials in 
a perfect aeolian setting [4]. These lava fields are 
known to harbor many huge lava tubes/caves and vari-
ous types of small caves [5]. As explained above, de-
tection and mapping of such cm-to-m-scale caves re-
quire extremely high-resolution photogrammetry pos-
sible only using an unmanned aerial vehicle (UAV) 
[6]. 

Use of UAVs for Mars analogue research is still in 
early stages [7]. The National Aeronautics and Space 
Administration (NASA) is sending the first UAV to 
Mars with Mars 2020 rover mission. We start this re-
search with three main objectives: (1) UAV-based 

high-resolution imaging survey; (2) identification and 
characterization of small cave openings on UAV imag-
es; (3) high-resolution comparison between Icelandic 
and Martian lava flows. 

Study Area:  
Considering our focus on the small dimension 

caves, we selected a part of the Leirhnjúkur fissure 
volcano lava field, situated in Krafla Caldera in Iceland 
(Figure 1) as the study area. This lava field has numer-
ous vent caves, formed by upwelling and withdrawing 
of the basalt lava directly from the magma chamber 
[5], with rather small (1-2 m wide) surface openings. 
These caves widen out towards the bottom reaching up 
to 4-5 m in dimensions.  

 
Figure 1. Location map of the study area. The red rec-
tangle in the inset map shows the geographical location 
of the study site in Iceland. The yellow quadrilateral 
shows the relative position of the flight site. 

Main Results: In the present work, we tried to ex-
plore the usability of UAV-derived images for charac-
terizing a solidified lava flow and identifying possible 
small cave openings in it. In the mapped area of ~0.33 
km2, we were able to identify 81 small cave openings 
and five lava flow morphologies. The identified lava 
flow morphologies are: (1) shelly pahoehoe, (2) slabby 
pahoehoe, (3) spinny pahoehoe, (4) cauliflower aa, and 
(5) rubbly aa. Shelly pahoehoe consisted of the highest 
number of cave openings due to its extremely vesicular 
nature. The identified small cave morphologies are: (1) 
open vertical conduit, (2) collapsed lava tunnel, (3) 
tumulus cave off steep slope, (4) lava rise cave, and (5) 
rift or fissure caves. The results do not only show the 
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usefulness of UAV imaging for such analogue re-
search, but also highlight the possibility of widespread 
presence of similar small cave openings in Martian 
lava fields with significant astrobiological implica-
tions.   
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