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What Are Lava Tubes?
Lava tubes are cavernous tunnels that are formed through volcanic activity. As lava flows over
terrain, the exposed upper layer begins to cool and solidify first, while the lava beneath
continues to flow, insulated by the newly formed rock above. Once the lava stops flowing, this
will leave a tunnel beneath the surface, supported by the new rocks around it.

Fig	1:	Lava	Tube	Schematic

Why Are They Important?
Lava tubes are of interest for human exploration of the Moon and Mars, as they can provide
natural shielding to radiation. With 1-2 meters of rock, radiation risks can be reduced to
acceptable doses, while 5-6 meters can reduce the radiation levels present to that
experienced on the surface of Earth. Habitats that are constructed inside lava tubes would not
need large amounts of radiation shielding, as they will be naturally shielded by the meters of
rock above them.

Fig	2:	Lava	Tube	Cross	Section Fig	3:	Lava	Tube	Interior

How Can We Find Them?
Ground Penetrating Radar (GPR) can be used to search for
lava tubes below the surface. High powered radar can be
employed from orbit or rovers on the surface to scan
hundreds of meters below the Lunar or Martian surface. GPR
works by sending an EM pulse into the ground. When the
pulse hits a material boundary, part of it is reflected back
due to the change in dielectric constant between the
materials. The receiver is then able to pick up the reflected
signal and determine the depth at which the boundary is, as
well as what material it is from the Doppler shift in the
signal. Fig	4:	Ground	Penetrating	Radar	

Diagram

Where Should We Start Looking?
The GRAIL mission (Gravity Recovery and Interior Laboratory) used a pair of satellites orbiting the
Moon in a close proximity formation to map the gravitational field of the Moon. This gravitational
data gives insight into the inner structure of the Moon, and combined with high resolution
photographs from the LRO (Lunar Reconnaissance Orbiter), can be used to find possible lava tube
locations. With these candidates identified, the GPR can be focused on these sites to determine the
size and extent of the tubes.

Fig	7:	GRAIL	Data

How Do We Access Them?
Lava tubes can be easily accessed through skylights. These are
portions of the tunnel roof that have caved in due to erosion
or other geological events. Hundreds of lunar skylights have
been found by the LRO mission, many dozens of meters
across.

Fig	8:	Lunar	Skylights

What About Structural Integrity?
Lunar lava tubes are millions of years old and may not be structurally stable. LRO Imagery
shows collapsed tubes that have caved in (see fig. 11 below). There are a handful of techniques
under development to seal off tunnels in a vacuum environment. On Earth a process called
guniting is used to reinforce tunnels, which involves spraying concrete at high pressures on the
wall (see fig. 12 below). Although this would not work in vacuum since concrete is water based,
silica based lunar concrete is being researched by engineers to solve this problem. A second
method is sintering, which uses heat from lasers of focused sunlight to fuse the fissures in the
rock together.

Fig	11:	Collapsed	Lava	Tube Fig	12:	Guniting On	Earth

Fig	13:	Hana	Lava	Tube,	Maui

Existing GPR Technology
Ground Penetrating Radar has been used on space missions before, both in Earth orbit and in
Martian orbit. The Mars orbiters, Mars Express and Mars Reconnaissance Orbiter, have employed
complementary GPR systems, MARSIS and SHARAD, respectively. MARSIS is a 60W radar that can
penetrate 5km into the surface with an ~50m resolution, while SHARAD is a 10W radar able to
penetrate only a few hundred meters, but with finer resolution (~15m). Using Synthetic Aperture
Radar (SAR) techniques, a 3D image of the surface can be generated (see fig. 5 below).

Fig	5:	GPR	Depth	Map Fig	6:	SHARAD	On	MRO

Exploration Methods
Exploration of lava tubes would ideally be performed by robots and humans cooperatively. First
versatile rock-climbing robots employing the use of micro-spines (see fig. 10 below) to map the
general shape of the tube, with humans following behind to identify suitable habitat locations.
The robots would be equipped with LIDAR sensors to map the volume of the tunnel in 3D.

Fig	9:	Astronauts	Approaching	
Cave	Entrance	

Fig	10:	Rock-climbing	Robot
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