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Introduction: The idea of using lunar lava tubes as 

shelters for a lunar base was first proposed by Horz 
[1], and, since then, a host of studies have been con-
ducted investigating both the utility and feasibility of 
lunar lava tubes as long-term lunar habitats [2-7]. Lava 
tubes provide a twofold proposition: offering a natural 
cavity for protection, while providing a possible natu-
ral entrance for unprecedented subsurface exploration 
[6]. From the standpoint of human exploration lava 
tubes serve as a natural shelter from micrometeoroid 
bombardment, radiation, and diurnal temperature fluc-
tuations [1]. These natural caverns eliminate the need 
to engineer and transport expensive shielding, allowing 
for a more sustainable approach to long-term habita-
tion [1]. The relatively cool and stable internal tem-
perature of lava tubes also has the potential to trap lu-
nar volatiles. Volatile deposits alleviate many opera-
tional constraints tied to long-term lunar habitation 
(e.g., liquid water, propellants) [1]. 

The characteristics that make lava tubes operation-
ally appealing may also provide an opportunity for in-
situ analysis of lunar material unaltered by space 
weathering or impact processes [6]. Preserving its in-
trinsic mineral composition, access to this pristine rock 
may aid in the understanding of the thermal history of 
the Moon [6]. While the advantages of lava tubes as a 
resource and scientific target are numerous, they also 
have their own set of complications. The most substan-
tial of these are related to the difficulty of their discov-
ery. Previous searches have been inhibited by the 
sparse coverage of high resolution photography [1-4], 
which has limited investigation to only a few mare 
regions. With so few data points, it is very difficult to 
describe a general model for their formation. Further-
more, as future exploration missions will likely take 
place in a diverse range of locations, the operational 
utility of lunar lava tubes is in many ways tied to their 
spatial distribution [1]. However, even with global 
coverage of high-resolution imagery from the Lunar 
Reconnaissance Orbiter (LRO) and other missions, the 
exclusive use of surface imagery for the discovery and 
study of lava tubes has limited value [4]. With the ex-
ception of a distinct topographic profile, lava tubes are 
largely subsurface features. A legitimate lava tube in-
vestigation then, requires the use of other remote sens-
ing methods. 

LRO offers global coverage of the Moon with 
thermal, radar, topographic, and image data. We hy-
pothesize that this suite of datasets, analyzed in an in-

tegrated fashion, may be useful for detecting features 
specific to the formation of lava tubes. We describe 
how LRO instrumentation can be used to discover and 
more accurately study lunar lava tubes. 

Lava Tube Formation: Coombs et al. [2] de-
scribed two models for the formation of terrestrial lava 
tubes. In the first model, volatile-rich lava close to the 
source vent spatters as trapped volatiles escape. The 
spattered lava congeals on the levee walls, eventually 
forming a continuous hardened crust [3]. The second 
model [2] describes formation by surficial cooling of 
channelized lava creating a dam, resulting in the for-
mation of a continuous crust upstream. This hardened 
crust is subsequently overlain by secondary flows [3]. 
A third method of formation is described by Greely [4] 
and involves levee bridging, where flow surges cause 
overflows that cool to form a continuous crust as flow 
rates wane [4]. The specific method of formation is 
chiefly controlled by how turbulent the lava flow is, 
which varies depending on the slope of the channel and 
the viscosity of the lava [4]. 

Lava tubes form topographic highs, where slopes 
form perpendicular to the tube axis [4]. These topog-
raphic highs result from all three formation process. 
However, as the formation process is largely controlled 
by source vent proximity and slope, so too is the 
amount of relief relative to the surrounding terrain. So 
the details of topographic relief are dependent on the 
specific formation process [4]. 

Methodology: We propose three integrated, lava 
tube discovery methods. 

1) First is the identification of the topographic 
characteristics of lava tubes [4]. Using the Lunar Or-
biter Laser Altimeter (LOLA) digital elevation models 
(DEMs) as a basemap, we believe that cross axis to-
pographic profiles can be used to discover lava tubes. 
Searching for a regional topographic relationship as 
opposed to looking for tube segments in imagery, has 
the potential to reveal tube segments that may be indis-
tinguishable in surface imagery. 

2) The surface above a cavernous tube is likely to 
have different thermal inertia, compared to that of solid 
basalt. Similar investigations of Martian lava tube sky-
lights using diurnal THEMIS data, were successful in 
demonstrating this relationship [7] If a lava tube seg-
ment is in fact hollow, a diurnal analysis of surface 
temperatures over a lava tube should reveal anoma-
lously warm nighttime and anomalously cold daytime 
temperatures. Using the Diviner Lunar Radiometer 
Experiment’s (DLRE) nine-channel solar reflectance 
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and infrared radiometer, we believe it is possible to 
both discover and study lava tubes using these anoma-
lies. The DLRE has filters selected for the measure-
ment of surface temperature – 13-23 µm (>178 K), 25-
41 µm (69-178K), 50-100 µm (43-69 K), and 100-400 
µm (<43 K) – with diurnal lava tube anomalies likely 
being within this range [8]. 

3) The different lava tube formation processes are 
likely to have created surface textures that may be dis-
tinguished from the surrounding country rock. Using 
the Miniature Radio Frequency (Mini-RF) synthetic 
aperture radar backscatter data along with the high-
resolution LROC imagery, it may be possible to distin-
guish a specific textural signature that could be used to 
discover buried lava tubes segments. 

Testing: Using previously identified lava tube 
segments [2] as a control, LOLA, DLRE, LROC, and 
Mini-RF data will be applied to known lava tube seg-
ments. Using Fledermaus 3-D visualization software, 
DLRE, LROC, and Mini-RF data will be draped over a 
LOLA DEM basemap. This will allow for an accurate 
analysis of the cross axis topographic profiles of a lava 
tube, while determining both the thermal and textural 
characteristics along the trend of the tube. Test results 
from different lava tube segments will be analyzed for 
consistencies, which may yield lava tube signatures 
that could subsequently be applied to a global search. 
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