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Introduction: Clastic liquefaction structures such 

as pipes and their associated soft-sediment deformation 
features provide insight into the history and 
heterogeneity of sedimentary deposits. Clastic pipes 
(also known as sand injectites) form under a specific 
combination of conditions, which makes them a 
valuable environmental indicator of paleoenvironment, 
the position of the water table, and possible strong 
ground motion in the region. Understanding the 
conditions required to form terrestrial pipes offers 
clues to past conditions in layered deposits on Mars. 

Clastic Pipe Analog: Remarkable clastic pipes of 
the Jurassic Carmel Formation in southern Utah are 
significant geologic records for the following reasons: 
1. Numerous pipes (hundreds) are well exposed in 

plan, cross sectional, and 3-D views (Fig. 1). 
2. Several pipe populations cover a range of diameters 

from less than ten centimeters up to tens of meters. 
3. Pipes are easily accessible and can be studied and 

sampled in relation to different host rock 
lithologies.  Typically these pipes are preferentially 
cemented, and the diagenetic cements may record 
distinctive mineralogic, isotopic, or even 
biomediated signatures.  

4. Several ash layers in the region provide some 
timing constraints on the formation of the pipes. 

5. Many soft-sediment deformational features 
associated with the pipes provide additional clues 
for deciphering the injectite origins. 

 
Fig. 1.  Numerous Jurassic Carmel Formation clastic pipes 
weather out in positive relief. 
 

Study Approach: Clastic pipes have long been 
considered a geologic enigma, but more recent studies 
have recognized how these pipes function as important 
fluid conduits when encased in fine-grained rocks [1]. 
Our study characterizes the pipes and their 
sedimentologic context. Diagnostic characteristics 
include the cylindrical geometry and internal massive 
structure.  Maps of the pipe densities and distributions 

show the relationships of size hierarchy within pipe 
clusters and the potential relationships to paleo-
shorelines, faults, and strong ground motion events. 
Some larger scale occurrences of pipes on Earth are 
detectable in remote sensing data and seismic sections.  

Conditions for Pipe Formation: Terrestrial clastic 
pipes require specific subsurface conditions of a large 
quantity of loose unconsolidated sand, and a high 
water table [2]. The sand must be fully saturated for 
liquefaction to occur.  Thus, pipes are commonly 
preserved in eolian and sabkha environments, with 
relatively high water tables.  Sometimes the pipes may 
be aligned to paleo-shorelines where the significant 
sand supply and high water table conditions make the 
sands susceptible to liquefaction and strong ground 
motion.  Seismicity can send shockwaves through 
saturated sand, which increases the pore fluid pressures 
within the system and causes the sand to scour and 
expel upwards.   

Relevance to Mars:  The study of clastic pipes on 
Earth has valuable application to interpretations of 
recent Mars HiRISE images of the Candor Colles, in 
west Candor Chasma, where similar looking conical 
mounds show massive internal structure and are 
interpreted to be clastic pipes (Fig. 2). Each collis of 
the Candor Colles is interpreted to be a clastic pipe and 
these features have diameters of hundreds of meters, 
similar to terrestrial clastic ‘mega-‘pipes. Crosscutting 
relationships indicate that the Candor Colles are 
contemporaneous with large fault zones that cut the 
local layered deposits.  

 
 

Fig. 2.  Several pipe-like mounds of structureless rock 
(center) are associated with faults that crosscut layered rock 
in west Candor Chasma (horizontal width of image ~ 3 km, 
enlarged from HiRISE image ESP_028211_1735, University 
of Arizona). 
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For pipes to form on Mars, there must have been an 
initial depositional environment composed of 
significant amounts of unconsolidated sand, followed 
by or coincident with a high water table that saturated 
the sediments.  Regardless of whether there was 
standing or moving water on the Mars surface at the 
time, the pipes would have been fluid pathways in the 
past.  

Although Martian seismicity has largely been 
unconstrained [3], pipes and associated soft-sediment 
deformation features, such as those observed in the 
Candor Colles, may evidence significant tectonic or 
crustal events in Mars history.  

Summary: Comparisons of terrestrial pipes and 
soft-sediment deformation with massive circular 
features in west Candor Chasma suggest 
synsedimentary deformation prior to lithification.  The 
terrestrial analogs further suggest that Martian 
paleoenvironments were sand rich, and liquid saturated 
in the subsurface before influenced by seismic and or 
tectonic deformation.  
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