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Introduction:  Lava tubes could offer a haven for 

astronauts and their instruments from radiation, 

micrometeorite bombardment, and temperature 

extremes. Ground penetrating radar (GPR) is a 

promising tool for exploratory imaging of lava tubes 

from the surface because the contrast between the rock 

roof and air void causes a strong reflection of the radar 

wave (Figure 1).   

In practice, terrestrial analog surveys conducted as 

part of the TubeX project over lava tubes at Lava Beds 

National Monument, CA, USA, show that the image of 

a lava tube ceiling can be obscured by adjacent 

fractures or complexities in the ceiling structure [1].  

The GPR profile example in Figure 1 shows 

complexities in the radar return that likely come from 

3D complexities in the ceiling geometry.     

 

 
Figure 1. Example of GPR lava tube ceiling 

response and underlying tube geometry. Top: NW-SE 

GPR results.  Light purple denotes LiDAR-measured 

tube ceiling. Bottom: Aerial view of lava tube LiDAR 

point cloud.  Colors show ceiling elevation in meters 

above sea level. Purple line shows GPR transect 

location and direction. 

 

Correcting for the geometric distortions in the GPR 

profile is typically done with a technique derived from 

seismic methods, called migration. Migration of a 2D 

profile however assumes that no offline structures 

contribute to the radar response.  However, many of 

the lava tubes at Lava Beds National Monument have 

significant 3D complexity in ceiling geometries and 

ceiling fracture patterns.  No 2D analysis can correct 

for these 3D structures. 

 

3D GPR Surveys: Here we will present results of 

GPR data analysis on a set of quasi-parallel profiles 

over a portion of the Hercules Leg lava tube (Figure 2). 

This area was accessible for grid-style surveying as a 

paved road and parking area cross over a part of the 

lava tube. The underlying tube was surveyed with 

LiDAR.  To assess the degree of improvement in 

recovery of the cave ceiling geometry from 3D data 

acquisition, we will compare the results of 3D 

migration of the adjacent lines with 2D migration of 

individual lines.  We expect that 3D migration will 

improve agreement between the GPR-derived ceiling 

and the measured LiDAR point cloud ceiling. 

 
 

Figure 2.  Map showing locations of GPR lines 

being used in 3D data analysis over Hercules Leg 

Cave, Lava Beds National Monument, CA.  Light 

green and yellow lines are GPR profiles.  Dark green is 

cave outline. 
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