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Introduction: Asteroids are extremely common in 

the Solar System, populating both the near-Earth envi-
ronment, the Main Belt, and the L4 and L5 Lagragian 
points of several planets (Trojans). And yet their po-
tential for in situ resource exploration remains poorly 
understood. Recent research suggests that these small 
bodies often have significant fracture porosity, as well 
as geomorphic evidence of subsurface void space in 
the form of pit crater chains (Fig. 1) [1]. Tectonic 
mapping on several asteroids has shown the near-
ubiquitous nature of pit crater chains and extensional 
fractures on these bodies, which in turn may house 
significant stores of important volatiles and other min-
eral resources.  

Tectonic Caves: Pit crater chains are linear assem-
blages of small depressions, theorized to form by 
drainage of regolith into an underlying extensional 
fracture [e.g., 2, 3, 4, 5, 6]. They have been identified 
on several small bodies throughout the Solar System, 
ranging from small asteroids to large protoplanets [1]. 
These small bodies include Phobos [2, 3], Eros [7], 
Gaspra [8], Ida [9], Vesta [10], and Ceres [11].  

Long structural features on the surface of an aster-
oid indicate substantial internal strength, despite a low 
density that indicates high porosity. Intriguingly, this 
implies that the high porosity of these asteroids is due 
to their fractures. Additionally, many of the lineaments 
are identified as extensional fractures that propagate 
into a mechanically layered subsurface, meaning that 
many of the fault and fracture systems on small bodies 
may be dilational in nature, capable of opening void 
space into the subsurface [4, 5]. Pit crater chains are 
theorized to form over dilational fractures [4, 5], and 
so serve as a surface geomorphic representation of 
subsurface void space. These dilational fracture sys-
tems may then become subsurface permeability path-
ways for volatile transport and trapping.  

Methods of Measuring Void Space on Small 
Bodies: Fracture porosity on Earth is responsible for 
the majority of subsurface fluid and volatile reservoirs 
[e.g. 12, 13, 14, 15]. Therefore it is quite likely that 
fracture porosity plays a similar role in trapping vola-
tiles on small bodies. Understanding and quantifying 
the locations and magnitude of fracture porosity on 
small bodies is thus a necessary next step to determin-
ing their volatile storage capabilities.  

Pit crater chains have been identified on Earth in 
Iceland, Hawaii, Idaho, and other basaltic terrains. The 
void space underlying terrestrial pit crater chains have 
been observed firsthand (Fig. 2) and can be referred to 

 

 
Figure 1. Pit crater chains on Eros (upper), Vesta 
(middle) and Ceres (lower). Arrows point to features. 
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Figure 2. Image from [5] shows field photographs of a 
pit crater chain in Iceland. Part (B) shows an over-
head view of the pit while part (A) shows the tectonic 
cave beneath it. 
 
as “tectonic caves” [5]. While the volume of terrestrial 
tectonic caves can be measured directly, it is more 
difficult to accurately measure the void space underly-
ing planetary pit crater chains. The size of the void 
space can be constrained by determining the volume of 
the overlying pit [4], as the dimensions of the cave 
must be at least the volume of the collapsed material. 
But a more accurate estimation of fracture porosity is 
needed to accurately predict what resources could be 
identified and accessed.  

Previous geophysical investigations of basaltic ter-
rains in Nevada utilized GPR to map moist subsurface 
interfaces under loose regolith [16]. Since they form in 
regolith, we may be able to similarly use GPR to detect 
subsurface wetness and volatiles trapped in pit crater 
chains on asteroids. Performing geophysical analyses 
of terrestrial pit crater chains will provide constraints 
on future geophysical examinations of subsurface void 
space on small bodies. This in turn will provide the 
starting point to determining volatile storage capabili-
ties, volumes, and stability of volatiles stored on these 
small bodies over time. 

Implications: Identifying fracture void spaces has 
potential implications for human exploration, as the 
need for in situ resource utilization becomes a driver 
for exploration targets. Near-Earth Asteroids (NEA) 
are considered the most likely early candidates for 
these exploration activities. Finding water and other 
volatiles on site in these asteroids is considered vital 
toward in situ resource utilization. While water is rela-
tively common on the C-type asteroids, it is unlikely to 
be abundant on the S-type NEAs. However, there 
might be water ice trapped in the impact-formed frac-
ture systems, brought in by the impactor. Even other 
asteroid types (C-type or the water-bearing D-type) 
would also benefit from the mapping of their void 

spaces, as the fractured regions would likely be where 
the valuable volatiles would be most easily accessible. 

Other types of in-situ resource identification would 
also benefit by extensive void space mapping and 
measurement. Determining the viability of asteroid 
mining is becoming a priority as it becomes clear that 
many key elements important to industry will be de-
pleted on Earth within the next 50-60 years. S-type 
asteroids, the most common type of NEA [17, 18, 19, 
20], could potentially provide important metals, such 
as nickel and cobalt. M-type asteroids contain far more 
of these materials than S-type, but are considerably 
more rare. Meanwhile, C-type asteroids could contain 
useful carbon and phosphorus, as well as water. Identi-
fying existing void spaces would make accessing these 
resources easier and less time consuming.  
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