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Introduction:  Pit crater chains are surface features 

comprised of linear assemblages of collapsed depres-
sions that are identified on several solid bodies 
throughout the Solar System. On Earth, they have been 
observed to form when dilational motion on normal 
faults causes the overlying materials to collapse into 
the dilating segment of the buried fault [1, 2]. It has 
been hypothesized that pit crater chains observed on 
Mars [1], Enceladus [3], and various asteroids [e.g. 4: 
See Buczkowski and Wyrick, this meeting] formed by 
the same process. Dilational fault movement can also 
create subsurface permeability pathways for flu-
id/volatile transport and trapping [5,6,7], thus studying 
pit crater chains and tectonic caves on planetary bodies 
has implications for both in situ resource utilization 
and astrobiology, and should be consider as a potential 
driver for determining exploration targets. 

 

 
Figure 1. Schematic illustration from [1] demonstrat-
ing dilational faulting. Pit volume is a function of (a) 
depth of the dilational fault segment, (b) increased 
displacement along the fault, or (c) the thickness of the 
overlying unconsolidated material. 

 
Dilational Faulting and Pit Crater Chains:  Di-

lational faulting can occur on normal faults that trav-
erse mechanically strong stratigraphic layers, or where 
hybrid mode failure (Mode I opening combined with 
either Mode II sliding and/or Mode III tearing) occurs 
under low differential stress [8]. Where the stratigraphy 
varies from mechanically strong rock to mechanically 
weak layers, the fault dip will also vary, creating steep 
vertical fault segments. Under such conditions, a void 
is produced in the subsurface, into which overlying 

unconsolidated or mechanically weak material can 
drain (Fig. 1) producing chains of pit craters [1]. The 
pit volume is a function of several factors, including 
the depth of the dilational fault segment, the degree of 
fault displacement along the fault, and the thickness of 
the overlying weaker stratigraphic layers. Subterranean 
void space can be estimated by calculating the volume 
of the overlying pit crater chain volume [1], as this 
represents the minimum volume of subsurface void 
space that must be available to accommodate the col-
lapsed material. (Fig. 1). 

Dilational Fault “Caves”: Pit crater chains on 
Earth have been observed forming over dilational nor-
mal faults (Figs 2,3), illustrating the large volume of 
void space that exists in the subsurface beneath these 
surface features. These same terrestrial dilational faults 
become permeability pathways for groundwater flow 
and storage (Fig 2), suggesting that similar features 
observed on other planetary bodies may also provide 
volatile and fluid transport and potential reservoirs. On 
Mars for example, outflow channels have been mapped 
directly emanating from pit crater chains, which are 
interpreted to have been structurally controlling the 
groundwater in the region [9]. Understanding these 
structural controls on groundwater (and other volatiles) 
is critical toward understanding what resources may be 
available both for astrobiology and future human ex-
ploration. Very few endogenic geologic processes op-
erate across-the-board on such a wide variety of plane-
tary bodies with disparate lithologies and geologic his-
tories. The identification of pit chains on these wide 
ranging bodies – from small asteroids to icy moons to 
large terrestrial planets – raises important questions 
regarding the near-surface crustal properties of solid 
bodies in our solar system and their capacity to store 
vital resources. The ubiquitous nature of pit crater 
chains makes them an easily identifiable target on 
many planetary bodies that may provide a peek into the 
subsurface. 

Implications: Understanding the relationship be-
tween pit crater chains, dilational faulting and subsur-
face voids space will be critical in future solar system 
exploration. Dilational faulting, and the tectonics caves 
they can produce, have direct implications for the 
transport and storage of volatiles and fluids in the lith-
osphere on Earth. Pit crater chains on Mars appear to 
have also provided permeability pathways for ground-
water, and may be regions of ground ice storage. Simi-
larly, pit crater chain identification on the moon and 
other small bodies suggest that there may be significant 
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subsurface void space to sequester volatiles and ices. 
Because pit crater chains are a more easily observed 
surface feature, they can serve as good proxy indicators 
of subterranean cavernous voids. With better con-
straints on the relationship between these features, we 
will gain a better understand of where to pursue in situ 
resources and look for habitable zones in the solar sys-
tem.  
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Figure 2. Schematic cross-section of a tectonic cave 
associated with a dilational fault segment as shown in 
figure 3 (from [1]). 
 

 
 

 
Figure 3. Image from [1] showing a pit crater chain in 
Iceland. Note person at surface mapping pit crater 
while person (white oval) maps the subsurface dila-
tional fault segment. 
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