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ABSTRACT OF THE THESIS 
 
 

A geological and geomorphological context  

for the origin of the honeycomb structures on Mars 

 
 
 

by 

 

Margaret Yexin Deng 

 

Master of Science in Geology 

University of California, Los Angeles, 2018 

Professor An Yin, Chair 

 

The formation process of the unique honeycomb terrain in Hellas basin on Mars is poorly 

understood. Yet, understanding its origin has significant implications for unraveling the climate 

histories of Hellas basin in particular and Mars in general. Currently, salt and ice diapirism have 

been invoked by researchers to explain the observed surface morphology. However, this 

proposed process predicts extrusive salt and ice glacier flows on the surface, which have not 

been observed. A major obstacle that hinders our current understanding of the honeycomb terrain 

formation is the lack of a geologic context that relates the honeycomb structures to the 

surrounding boundary conditions. This study employs photogeologic mapping to establish the 

geologic setting of the honeycomb terrain. Our analysis shows that the honeycomb structures 

generally have a consistent direction of elongation parallel to the rim of Hellas basin, which 
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implies that gravitational sliding from basin margins to basin interior may have also been a 

driver for the formation of the honeycomb structures. The results of this study suggest that while 

salt or ice diapirism may provide a partial explanation for the observed surface morphology 

associated with the honeycomb structures, the formation of giant desiccation polygons and 

gravitational slumping along a detachment fault from the basin rim towards the basin center may 

have also contributed to the development of the unique honeycomb terrain on Mars.  
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1. Introduction 

Hellas Basin on Mars displays a unique geomorphic feature known as “honeycomb” 

structures (Fig. 1), whose origins are widely debated (e.g., Moore and Wilhelms, 2001; Mangold 

and Allemand, 2003; Kite et al., 2009; Diot et al., 2016; Bernhardt et al., 2016b; Weiss and 

Head, 2017). While various mechanisms have been proposed for the cause of this enigmatic 

terrain, the current research is centered on whether its formation is controlled by salt or ice 

diapirism, both of which have been deemed viable on early Mars as long as a sufficient amount 

of liquid water was present on the surface (Bernhardt et al., 2016b; Weiss and Head, 2017). A 

problem with the diapiric flow model is that the known features generated by this process on 

Earth exhibit markedly different morphologies than that of the honeycomb structures observed 

on Mars (e.g., Kite, 2009, see section 4.2). The supposed diapiric structures also lack extrusive 

flows on the surface, unlike terrestrial analogs such as the salt glaciers of the Zagros fold belt 

(e.g., Ala, 1974).  

One of the key issues with the early studies is that many focus on the honeycomb terrain 

alone or only in conjunction with the banded terrain (e.g., Mangold and Allemand 2003; Kite et 

al., 2009; Leppanen et al., 2012; Bernhardt et al., 2016b; Weiss and Head, 2017), neglecting the 

spatial relationship between the honeycomb terrain and their other adjacent geologic units. As 

such, the potential role of the lateral boundary condition in driving the formation of honeycomb 

structures, particularly those with consistent elongation directions on map views, is neglected.  

The purpose of this study is to provide a geologic context for the honeycomb terrain in 

Hellas Basin through systematic photogeologic mapping based on high-resolution satellite 

imagery. The mapping allows us to define plausible lateral boundary conditions and detailed 

structures of individual features, which must be considered in all the models that attempt to 
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explain the formation mechanisms of the honeycomb structures. Specifically, this work tests the 

following three competing hypotheses for the formation of the honeycomb structures: (1) salt or 

ice diapirism through density-based or thermally driven overturn (Mangold and Allemand, 2003; 

Kite et al., 2009; Bernhardt et al., 2016b; Weiss and Head, 2017), (2) formation of giant 

polygons through thermal contraction or desiccation under low surface gravity and slow strain 

rates (e.g., Yin, 2018), and (3) decollement folds lubricated by low-friction materials and driven 

by gravitational slumping along the basin margins (e.g., Forshee and Yin 1995). Note that the 

three models predict very distinctive surface geometry of honeycomb structures: diapirism 

produces circular honeycomb patterns, desiccation produces straight-edged polygons, and 

slumping models produce basin-parallel folds. These predictions can be differentiated via 

detailed and systematic geological mapping.  

Validation of any of the above end-member models has important implications for 

deciphering the past climate history of Mars (Diot et al., 2016; Bernhardt et al., 2016a; Weiss 

and Head, 2017), as each model can be related to the ancient hydrological cycle that operated in 

Hellas basin.  

 

1.1 Regional Geology of Hellas Basin 

Located in the southern hemisphere of Mars, Hellas basin is one of the largest distinct 

impact structures on the planet (e.g., Wood and Head, 1976; Crown, 1991; Andrews-Hanna and 

Zuber, 2009), with a long axis diameter of 2280 km and short axis of 1590 km (Andrews-Hanna 

and Zuber, 2009), average depth of ~7 km from the mean martian elevation (Diot et al., 2016), 

and an implied displacement of approximately 2.3 × 107 km3 of material (Bernhardt et al., 

2016a). Hellas basin contains the lowest elevation on the planet, at approximately -7500 m 
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(Howard et al., 2012; Bernhardt et al., 2016b). The basin is thought to have formed between 4.1 

to 3.8 billion years ago by a low angle, oblique impact as evidenced by its elliptical shape and 

asymmetry (Tanaka and Leonard, 1995). These factors, as well as visible channels leading into 

the basin, have led to the interpretation of Hellas basin as a major sink for depositional features 

such as volcanic flows, glaciers, fluvial events, and wind-blown materials (Tanaka and Leonard, 

1995; Moore and Wilhelms, 2001; Raitala et al., 2004; Bandfield, 2008; 2013; Diot et al., 2014; 

Bernhardt et al., 2016a). The low abundance of craters on the interior of the basin implies the 

surfaces are relatively young, from Hesperian to Amazonian ages (Milliken et al., 2003; Hubbard 

et al., 2011; Diot et al., 2014). 

The honeycomb terrain is located in the northwest quadrant of the basin (Fig. 2) in what 

was once known as the Hellas Planitia Trough (HPT), on the southern edge of Peneus Palus 

(Bernhardt et al., 2016b). The terrain sits at an elevation of -7000 to -7500 meters from the mean 

martian elevation, in the deepest area of the basin and on the planet (Bernhardt et al., 2016b). 

Numerous yardangs and dunes situated within Hellas basin indicate the main wind direction 

(Tanaka and Leonard, 1995). Peneus Palus is thought to have been able to be carved out in just 

50 to a few 100 Ma based on the combination of estimated wind erosion rates, predicted 

katabatic winds moving clockwise through the basin, higher atmospheric pressure on the basin 

floor, and the wind funneling effect of the Hellas Planitia Trough (Bernhardt et al., 2016a, 

2016b).  

 

1.2 Honeycomb Terrain 

Situated at the lowest part of Hellas basin in elevation and covering approximately 

36,000 km2 of area (Bernhardt et al., 2016a, 2016b), the honeycomb structures have previously 
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been described as regular, densely packed, cell-like depressions (Moore and Wilhelms, 2001; 

Mangold and Allemand, 2003; Leppanen et al., 2012; Diot et al., 2016; Bernhardt et al, 2016b; 

Weiss and Head, 2017). Some authors note that the honeycombs are arranged in a polygonal 

pattern (Moore and Wilhelms, 2001; Diot et al., 2014, 2016). The cells are on average 170 

meters deep from cell rim to floor, average a length and width of 10.5 km x 5 km but reach up to 

14 km x 6 km, exhibit an elongated, elliptical morphology, and the cell long axes are always 

concentric to the basin center (Bernhardt et al., 2016b). Bernhardt et al. (2016b) also observed 

that these structures are not found individually as a single honeycomb but occur only in groups; 

however, Leppanen et al. (2012) note that in the southwest, the ovals are singular structures. 

Weiss and Head (2017) determined that the exclusivity of this terrain in Hellas basin can be 

attributed to the thin crust in the area, its low elevation, and the potential for fluvial and glacial 

activity. 

Bernhardt et al. (2016b) observe that the thermal inertia of the ridges tends to be higher 

relative to the cell interiors, and these cell interiors appear very smooth on CTX imagery. The 

ridges dividing the cells tend to separate into smaller subridges in some instances, and in the 

west, they transition into small <2 km wide inverted polygons (Bernhardt et al., 2016b).  

The structures are believed to have formed in the Noachian and are thought to be over 3.8 

Ga in age, based on their relationship with nearby wrinkle ridged plains (Bernhardt et al., 

2016b). The timing of formation, however, is difficult to constrain because the contact of the 

honeycomb structures with the wrinkle-ridged plains is gradual. The scarcity of craters within the 

honeycombs should indicate an Amazonian age of ~3 Ga (Diot et al., 2014), but the honeycombs 

more likely formed before the wrinkle ridges at ~3.7 Ga (Bernhardt et al., 2016a) and only 

recently exhumed, perhaps by katabatic winds (Kite et al., 2009; Bernhardt et al., 2016a).  
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1.3 Banded Terrain 

Honeycomb structures are closely associated with banded terrain (or “taffy-pull terrain”), 

which is also only found in Hellas basin and is often adjacent to or even overprinting the 

honeycomb terrain (El Maarry et al., 2012; Diot et al., 2014, 2016; Bernhardt et al., 2016b). Diot 

et al. (2014) separate the banded terrain into bands (ridges) and interbands (depressions), with 

lengths ranging from 3-15 km and widths from 90-1000 m. They describe the bands as having 

various shapes including linear, lobate, and concentric, and observe that most of the concentric 

bands are located near the honeycomb terrain and in local depressions.  

Bernhardt et al. (2016b) alternatively suggest that the banded terrain is a subparallel 

series of troughs cutting a smooth surface and observe that the troughs tend to maintain a 

constant width for much of their length, tapering at their ends. Most troughs appear to be 

controlled by the surrounding topography, either aligned parallel or perpendicular to the 

topographic gradient (Diot et al., 2014; Bernhardt et al., 2016b). Highly convoluted instances of 

banded terrain also exist in kilometer sized patches, particularly along the transition from the 

honeycomb terrain to the Hellas Planitia Trough (Bernhardt et al., 2016b).  

Some authors propose that the formation mechanisms of the banded terrain and the 

honeycomb structure are related, so their hypotheses attempt to encompass both terrains (e.g., 

Moore and Wilhelms, 2001; Mangold and Allemand, 2003; Kite et al., 2009; Bernhardt et al., 

2016b). Katabatic winds that are suggested to travel clockwise through the Hellas basin (Howard 

et al., 2012) may also impact the selective exposure of these structures (Bernhardt et al., 2016a). 

Diot et al. (2016) note that the contact between the banded and honeycomb terrains is complex 

and often ambiguous, but they conclude that the banded terrain overlaps and post-dates the 
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honeycomb cells due to the cell interiors displaying infills with morphologies similar to that of 

the banded terrain. From their observations of linear troughs, Bernhardt et al. (2016) tentatively 

prefer an alternative explanation where the banded terrain is the result of the gravity-driven 

deformation of an ice-rich veneer of low viscosity, inherently unrelated to the formation of the 

honeycomb structures. 

 

1.4 Formation Mechanisms for the Honeycomb Terrain 

Bernhardt et al. (2016b) determined the plausibility of several potential formation 

mechanisms for the honeycomb terrain, listed below, and argued for salt or ice diapirism as the 

most likely cause. The possibilities of till rings, wallow craters, thermokarsts, impact melts, and 

igneous diapirism were deemed unsuitable interpretations. This study puts forth two alternative 

mechanisms of formation: giant polygons and a breakaway fault. All formation mechanisms 

discussed can be found summarized in Table 1.  

Till rings and wallow craters. Moore and Wilhelms (2001) proposed that the 

honeycomb structures were the result of imprints left by icebergs in the ground, similar to 

terrestrial till rings and wallow craters (Bernhardt et al., 2016b). This mechanism of formation 

would predict elliptical or irregularly shaped depressions which may overlap in the event of a 

continuous cycle of iceberg formation and subsequent melting. Bernhardt et al. (2016b) 

dismissed this idea because unlike the honeycombs, these terrestrial analogues are (1) not 

symmetrical along an axis, (2) not continuously regular or dense for more than a few hundred 

meters, (3) only reach up to 100 m across and 25 m deep, and (4) tend to vary in size between 

different one order of magnitude or more.  
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Thermokarsts. Bernhardt et al. (2016b) explored the possibility of thermokarsts forming 

honeycomb-like structures. Thermokarsts are the result of material above ice or permafrost 

deforming from the ice melting or sublimating, which can create quasi-circular depressions that 

appear similar to the honeycomb structures on Mars in size (~15 km), shape, and preferred 

orientation (Grosse et al., 2013; Bernhardt et al, 2016b). This hypothesis was, however, not 

favored because thermokarsts failed to reproduce certain morphologies, including that (1) they 

are arranged chaotically and tend to overlap, (2) their diameters vary by up to two orders of 

magnitude, and (3) their depths are too shallow, with ~10-30 m for thermokarsts and ~170 m for 

honeycomb cells (Bernhardt et al, 2016b). Other potential thermokarsts identified on Mars also 

morphologically look unlike the honeycomb structures (e.g., Lefort et al., 2007, Ulrich et al., 

2010).  

Impact melt convection. Kite et al. (2009) preferred a formation mechanism of impact 

melt convection resulting from the creation of Hellas basin, which could explain the presence of 

both honeycomb and banded terrains. They observe that (1) the gamma ray spectrometer (GRS) 

data show the honeycomb terrain as apparently having a basaltic composition, (2) the banded 

terrain contains complex convolution which implies ductile deformation from multiple overturns, 

unlikely to form purely through salt diapirism, and (3) the proximity of the structures to the 

deepest part of the basin is consistent with the required thickness of a melt sheet to form 

convection cells. Bernhardt et al. (2016b) however, cite that GRS data is questionable, zones of 

convolution can also happen along salt diapirs, and that preservation of these convection 

structures is not possible, so impact melt convection is not a likely origin for the honeycombs.  

Igneous diapirism. Also known as pluton intrusion, igneous diapirism was proposed by 

Mangold and Allemand (2003), who interpreted banded terrain as foliation triple junctions 
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created at the junction of three batholiths. Bernhardt et al. (2016) note that the granitic rocks 

needed for igneous diapirism do exist on Mars, but the tectonism required does not. They also 

note that while the possibility exists that back-arc volcanism is not needed to form igneous 

diapirs, the ones seen on Earth do not create the densely packed expression seen in the 

honeycomb structures.  

Salt Diapirism. Salt diapirs are found on Earth both on and below the surface, so 

terrestrial analogues such as the Sigsbee Nappe in the Gulf of Mexico have been compared to the 

honeycomb structures (Bernhardt et al., 2016b; Weiss and Head, 2017). While the morphologies 

of the two formations do have some similarities, the scale of the Sigsbee Nappe structures is 

three to four times larger than the ones on Mars, is not as regular, and does not exhibit a 

preferred orientation.  

Initially, salt diapirism was not a favored mechanism of formation, because the 

honeycomb terrain lacked brittle deformation signatures (Mangold and Allemand, 2003) and 

require a huge volume of salt-saturated water to form structures of this magnitude (Kite et al., 

2009). However, Bernhardt et al. (2016b) found evidence contrary to each of these claims and 

deemed salt diapirism to be a viable formation mechanism for the honeycomb structures. Weiss 

and Head (2017) note that the honeycombs’ elongate morphology is consistent with the 

morphologies of salt diapir structures on Earth. They propose that salt diapirism requires a 

relatively warm climate as well as very large volumes of saline water to flow into the basin and 

subsequently evaporate or freeze. 

Weiss and Head’s (2017) thermal model of the subsurface found certain windows where 

halite, gypsum, and kieserite are thermally stable. Their analytical model found halite layer 

thicknesses of 1-3 km with an overburden layer of 50 m to 1 km, and gypsum and kieserite 
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layers of 0.6-3 km with an overburden of 50-600 m. The amount of saline water required to 

create this size of honeycomb structure was found to be 14-2045 m global equivalent layer, a 

range spanning three orders of magnitude. 

Ice Diapirism. In contrast to salt diapirism, ice diapirism is a mechanism that lacks 

terrestrial analogs, but is predicted to operate under martian conditions (Brand et al., 2008; Kite 

et al., 2009; Bernhardt et al., 2016b; Weiss and Head, 2017). Only two other instances of ice 

diapirism have been inferred in the solar system: on icy satellites Triton (“Cantaloupe terrain”) 

and Europa (domes) (Bernhardt et al., 2016b).  

The isolated dome-like structures on Europa were first interpreted as surface 

manifestations of thermally driven ice diapirs, where warm ice rises through surrounding colder 

ice (Pappalardo et al., 1998; Rathbun et al. 1998). The most recent proposal is that these domes 

are the surface expression of sills of liquid water in Europa’s ice shell (Manga and Michaut, 

2017), although the debate is still ongoing. Diot et al. (2016) note that while the surface 

expression of the domes of Europa differs substantially from that of the honeycombs on Mars, 

that may be attributed to differences in surface composition. 

The surface morphology of Triton’s Cantaloupe terrain in the Bubembe and Monad 

Regiones bears some similarity to the honeycomb terrain on Mars, but on a scale three times 

larger (Bernhardt et al., 2016b). Cantaloupe terrain can have both loosely and closely packed 

elliptical cells, which average 26-38 km long and 17-27 km wide, and are spaced 44-54 km apart 

(Schenk and Jackson, 1993). Although the organized pattern of the cells implies a singular 

dominant formation mechanism, these structures likely formed due to the combination of several 

processes (Croft et al., 1995). Using comparative structural geology, Schenk and Jackson (1993) 

infer that the cells in the Cantaloupe terrain are composite ice diapirs, made up of two ices rising 
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through a third layer of ice. They note that the cell interiors tend to be rough on a kilometer 

scale, interpreted to be older ice, and the smooth rings surrounding the interiors are interpreted as 

younger ice. They cite morphological similarities with the salt diapirs in the Great Kavir in Iran 

as evidence of Rayleigh-Taylor instability and/or thermal instability. Unfortunately, there have 

been no new images of Triton’s surface since the Voyager 2 flyby in 1989, so no further studies 

currently can be done.  

According to Weiss and Head (2017), ice diapirism on Mars would imply a cooler overall 

climate, and a source of massive ice that could be buried by sediments or lava flows. They found 

a feasible ice layer thickness of 100-1000 m and an overburden layer of anywhere between 100-

500 m thick. Ice diapirism is a favored formation mechanism because only a water volume of 

0.3-24 m global equivalent layer is required. 

Polygonal terrain. The regularity of the honeycomb terrain opens up the possibility of 

polygons and mudcracks as a formation mechanism, with a secondary deformation mechanism to 

create a less angular surface expression. Polygons are found all over Mars in a variety of settings, 

in diameter sizes spanning 2-3 m to 10 km (El Maarry et al., 2012). In contrast, the largest 

reported mudcracks on Earth are around 300 m in diameter (El Maarry et al., 2012). A giant 

polygon formation mechanism would imply large scale, rapid desiccation occurring in Hellas 

basin.  

Giant polygons have previously been described on Mars, particularly in the Utopia basin 

(Pechmann, 1980; McGill, 1986; McGill and Hills, 1992). These polygons look like irregular 

playa polygons, which are commonly not completely closed and have troughs radiating from a 

point (McGill and Hills, 1992). The question of whether the polygons formed via desiccation or 

tectonics is addressed by McGill and Hills (1992), where they argue for a desiccation-based 
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mechanism having the ability to accommodate the stresses associated with the creation of the 

giant polygons on Utopia Planitia, as long as this mechanism acts quickly. They also propose 

that the rough topography, which they assume is similar to that south of the polygons, also plays 

a role in the spacing of the mudcracks.  

The morphology of desiccation polygons is controlled by a number of factors, including 

the speed of desiccation, composition and grain size of formation material, salt content, and 

bottom friction (Kindle, 1917; Groisman and Kaplan, 1994; Carreras et al., 2007). A more rapid 

desiccation time would produce polygons with a wider spacing, as would a composition of clay 

(Kindle, 1917). A higher salinity in the water will lead to polygons with their margins curved 

downward, as well as larger cracks and a lower crack density (Shokri et al., 2015). Combining 

these factors as well as the lower gravity of Mars (Yin, 2018) could lead to kilometer-sized or 

larger polygons. Parallel polygons with a preferred orientation may be created through a slight 

slope while drying, or through directional drying (Kindle, 1917; Inasawa and Yamaguchi, 2012). 

While the honeycomb structures do not display pure mudcrack morphology, the possibility exists 

that mudcracks may have played a role in their formation. 

Breakaway fault. The location of these structures within a basin and their parallel trend 

with the basin edge may indicate a gravity-driven landslide along a detachment fault similar to 

the style of the Whipple detachment fault in the Whipple Mountains of California (Forshee and 

Yin, 1995). Such a scenario could create a honeycomb cell morphology through wrinkling and 

shortening at the base of the landslide, and subsequent erosion. This formation mechanism would 

not necessarily imply a tectonic origin, as a simple gravity-driven scenario is also possible; 

however, we cannot discount tectonics having some potential involvement in the initiation of a 

landslide of this magnitude. Other potential factors that may contribute to a landslide initiation 
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include instability of the uplifted basin edge rocks and increased pore-fluid pressure in the rocks 

from fluid migration (Forshee and Yin, 1995). 

 

2. Data and Methods 

The following data were used to systemically map the honeycombs and surrounding 

terrains: (1) satellite images from the Thermal Emission Imaging System (THEMIS) aboard 

Mars Odyssey 2001, with a spatial resolution of ~18 m/pixel (Christensen et al., 2000, 2004), (2) 

images from the Context Camera (CTX) aboard the Mars Reconnaissance Orbiter (MRO), with a 

spatial resolution of ~6 m/pixel (Malin et al. 2007), and (3) images from the High-Resolution 

Imaging Science Experiment (HiRISE) also aboard the MRO, with a spatial resolution of 25-50 

cm/pixel (McEwen et al., 2007, 2010).  

As the THEMIS Daytime Infrared global mosaic is the most consistent and uniform 

imagery data available at present (Edwards et al., 2011), it was used as a basemap of the area to 

provide a frame of reference for key structures and units. The quality of THEMIS imagery is also 

minimally affected by the dust in Mars’ atmosphere (Christensen et al., 2004; Fergason et al., 

2006; Bernhardt et al., 2016a), which assists in identifying units more definitively.  

CTX imagery was also used to describe units in higher detail than can be provided by 

THEMIS, and in visible light. However, the surface can be difficult to observe because of dust 

and aerosols in the atmosphere, which may obscure the images (Moore and Edgett, 1993; Cantor 

et al., 2001). Where available, HiRISE provided extremely detailed windows into specific 

localities. Although HiRISE covers very little area within the honeycomb terrain and 

surrounding areas, it is still able to assist in investigating landforms on a smaller scale (Diot et 

al., 2014). 
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The honeycomb structures and surrounding units were thus described and mapped using 

both THEMIS and CTX images, and where available, HiRISE imagery. The units were drawn 

and mapped in Adobe Illustrator, emphasizing the relationship between the honeycomb terrains 

and their neighboring features, such as banded terrain (Diot et al., 2016; Bernhardt et al., 2016a), 

polygons, and wrinkle ridges (Bernhardt et al., 2016a). The units were determined based on 

factors including albedo, surface texture and patterns, and geomorphology. The area mapped 

encompasses the northwest quadrant of the basin floor. 

 

3. Results 

Using systematic photogeologic mapping, we generated the geologic map shown in Fig. 

3. This map includes the deformed terrain, which encompasses honeycomb cells, flow folds 

(banded terrain), inverted polygons, and others; post-deformation units based on superposition, 

which include knobs, layered sediments, and impact deposits; and other units located adjacent to 

these deformed terrains, which include striated polygons, viscous flows, and plains. Some of 

these units have previously been identified and described by authors such as Moore and 

Wilhelms (2001) and Bernhardt et al. (2016a). The following unit descriptions expand on these 

earlier mapping works in more detail and explore the cross-cutting relationships between them.  

 

3.1 Deformed Terrain 

Drt - ridge unit in the deformed terrain. Drt is characterized by the appearance of 

sharply-defined, plateau-like ridges composed of smooth, relatively darker material, separated by 

smooth, visually lighter troughs (Fig. 4A). This high relief ridge material is smooth on the 1 km 

scale and rough on a 50-100 m scale. Some larger ridges contain shallow pockmark-like 
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depressions. The ridge axes trend subparallel to the basin edge, and parallel to the honeycomb 

long axis trend. Some troughs contain polygons ~1 km in diameter, which have a preferred 

orientation of subparallel to the basin edge, parallel to the ridge axes. Some smaller polygons 

~200 m in diameter follow the edges of the ridges rather than the axes. In other troughs, there are 

some flow-like structures following the trend of the trough. The transition to the honeycomb 

structures (Dof) is complex, occurring over a ~20 km wide belt separating the two units. The 

honeycomb cells in this transition zone are infilled with ridge material, preferentially along the 

rims.  

Dof - open folds unit in the deformed terrain. Dof (Fig. 1) contains the “honeycomb 

cell” landscape first termed as such by Moore and Wilhelms (2001). These structures generally 

have smooth interior depressions and are bounded by complicated deformed ridges. The interiors 

are elongate and ovular, ranging from 2-40 km in length and 1-10 km in width. The cells’ long 

axes trend subparallel to the basin edge, rather than truly parallel, as Bernhardt et al. (2016b) 

suggest. The ridges range in complexity and morphology. Some are simple single ridges, others 

display complicated chaotic deformation. Some ridges in the southwest contain polygons ~1 km 

wide with a preferred orientation following the trend of the honeycomb long axes. 

Unit Dof is split between two locations, separated by a cluster of impacts and their ejecta. 

The northeastern unit (Fig. 1A) is generally rougher on a 1-2 km scale, with more prominent 

ridges and rough cell interiors that resemble the plains unit to the north. Many more dunes are 

present within the cell interiors. The ridges are complex and high relief, composed of dark 

viscous material. A few ridges display polygons exhibiting random orientations. There are a few 

double ridges located in the south of this section of the unit. The honeycomb cells get more 

convoluted and broken up in the south, near the boundary with the flow folds unit (Dff).  
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The southwestern unit (Fig. 1B) is smoother than the northeastern unit, and the cell 

shapes are generally less regular and more varied. Both the cell interiors and ridges also display 

more instances of banded terrain. The banded terrain within the cells tends to follow the cell 

edges in a concentric manner, but many cells have banded terrain that truncates abruptly, 

perpendicular to the cell edge. Double ridges are more common in this section of the unit and 

contain highly convoluted banded terrain that follows the general trend of the double ridges. 

Some ridges contain remnants of a high-relief, darker material, and others contain the ~1 km 

wide polygons that follows the trend of the honeycomb long axes.  

Dff - flow folds unit in the deformed terrain. The flow folds in unit Dff (Fig. 4B) are 

analogous to the banded terrain unit mapped by Moore and Wilhelms (2001) and studied in 

depth by Diot et al. (2014, 2016). The flow folds are located predominantly in the Hellas Planitia 

trough, at the lowest elevation of all described units, ~7500 m below mean elevation, and 

encompassing ~40,000 km2. 

In general, the flow folds have less prominent ridges than Dof, with cells often not having 

any defined ridges. Cells are more difficult to discern than those of Dof, as banded terrain 

morphology is much more pronounced and prevalent in this unit, however, there are “ridges” of 

highly convoluted and folded material and “cells” marked by concentric banding, which is often 

smooth and unbroken over a slight depression, and which often will merge into the “ridges”. In 

these large smooth “cell” areas are observable cracks and polygons marking brittle deformation. 

Some of the centers of the concentric bands are observed to be of a slightly higher elevation than 

their surrounding bands, i.e. plateau or dome-like.  

Most of the roughness on the bands on the 50 m scale are dunes, with some boulders. In 

some topographical lows are sinuous dunes and tilted polygonal structures ~10 m in diameter. 
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Many band troughs, termed “interbands” by Diot et al. (2014), contain dunes, regardless of the 

direction the trough’s long axis trends. The most prominent dunes, however, are the ones in 

troughs trending east-west.  

Some flow folds are observed to be overlain by a rough, slightly darker material, similar 

to that of the domes in units pDkb and pDek (Fig. 5A). The unit is dotted with rough, high-relief, 

plateau-like structures, which are observed to affect the geometry of some bands (Fig. 5B).  

Dff transitions gradually to the open folds in Dof over a distance of ~20 km. There is also 

flow fold morphology present in the interiors of honeycomb cells, as well as similar convolutions 

in the ridges dividing cells.  

Ddm - dark mantling unit in the deformed terrain. Ddm (Fig. 4C) is an IR dark, high 

relief plateau encompassing ~8000 km2. This unit exhibits a low surface roughness on the order 

of ~10 km, but on the order of ~50 m it has a high surface roughness. The surface of the north 

section of the unit has long thin cracks which all tend to trend northeast/southwest, and small 

(~100 m diameter) rounded pits without raised rims which may or may not be craters. In the 

south area, there are elongate irregular depressions (~2-7 km long axes) with interiors infilled 

with banded terrain, and the long axes are oriented randomly. This unit transitions to the 

honeycomb unit in a similar manner to unit Drt, infilling the honeycomb cells, preferentially 

around the rims. 

Dpl - polygon unit in the deformed terrain. Dpl is a blocky polygon unit with 

individual polygons ranging in width from 800 m to 5 km (Fig. 4D). These are inverted 

polygons, so have ridges rather than depressions at the cracks, and have no preferred orientation. 

However, the polygons do get smaller and more deformed the closer they are to the post-

deformation impact to the north. The ridges of these smaller polygons are covered by a dark 
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mantling material similar in roughness and morphology to that in unit Ddm. Some of the larger 

polygons also contain smaller polygons (~200-1000 m diameter) within their interiors, most of 

which are also inverted. A few polygon interiors exhibit a more concentric morphology, not 

unlike that of the banded terrain on the interior of the honeycomb cells (Fig. 6). The northern, 

deformed section of the polygons transitions smoothly to the southern region of the honeycomb 

cells, and the ridges of both appear to be connected and potentially composed of the same or 

similar material.  

 

3.2 Post-Deformation Units 

pDkb - post-deformation knob unit. pDkb is characterized by high surface roughness 

on the order of ~10 km, due to a predominance of knobs, or domes (Fig. 4E). Some domes also 

have dark wispy tracks on their northeast sides, not on any other side, which have a similar 

morphology to dust devil tracks. At the transition between unit pDkb and Dff, dome interiors can 

be seen with the removal of the outer layer through most likely wind erosion. The interiors are 

remarkably smooth, and the only visible roughness is the banded terrain morphology near the 

outside edges. The low areas between knobs contain an abundance of various brain terrain 

morphologies with a wavelength of ~30-40 m. Some domes far from the unit edge have 

depressed tops rather than rounded ones, which makes them resemble volcanoes or craters. A 

few of these depressed centers show banded terrain morphology in the interiors. Some domes 

have a sudden drop in elevation at the edges, implying erosion (Barlow et al., 2000).  

Between two domes at -40.8, 59.7, some bands are observed in a “v” formation which 

does not resemble banded terrain, as banded terrain tends to display isoclinal folding (Fig. 7). 
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The domes in this area resemble mesas, as they have steep center plateaus and gradual fans 

surrounding them.  

pDek - elongate post-deformation knobs. pDek (Fig. 4F) is similar to unit pDkb, but 

the individual knobs are elongated and spaced less regularly. The knobs also have a larger size 

range, ranging from ~3-15km long and having no preferred orientation. However, the knobs are 

likely not fully exposed due to dunes and deposits in the topographic lows. Many knobs have 

bright, smooth bands exposed on their northwest faces.  

Unit pDek transitions to the flow folds unit (Dff) abruptly. Some knobs exteriors are 

eroded away, and the exposed interiors are smooth on a scale of ~500 m, if not covered by 

dunes. These smooth exposed interiors also exhibit banded terrain morphology on the outer 

edges (Fig. 8). The transition of elongate knobs (pDek) to knobs (pDkb) is not clear-cut, as many 

locations have the small domes of pDkb surrounding longer elongate domes of pDek.  

pDls - post-deformation layered sediments. pDls is a flat unit located in a topographic 

low relative to surrounding units. The surface roughness is low, on the order of a 5-10 km 

wavelength. Some knobs appear in this unit, but with a much lower frequency than those in unit 

pDkb, with spacing ~10 km apart for 0.5-2 km diameter knobs. The flatness of this unit is 

punctuated by low-amplitude dunes in the south. All areas of high relief (knobs, craters) have 

dark dust devil tracks stemming from their northeast sides. 

pDip - post-deformation impact deposits. pDip includes ejecta deposits from impacts 

that occurred after the formation of the deformed units. Most craters under 1 km in diameter 

have no ejecta blankets, while those greater than 1 km in diameter may. These ejecta deposits 

tend to be high relief, truncating abruptly at the edges, and are thus identified as pedestal craters 

(Barlow et al., 2000). In THEMIS-IR Daytime, the ejecta of the largest impacts appears light and 
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thus exhibits a relatively low thermal inertia. One impact crater ejecta blanket is observed to 

overlay and truncate older folds in unit Dof (Fig. 9). 

 

3.3 Other Units outside the Deformed Terrain 

ipd - impact deposits outside deformed terrain. ipd consists of impact ejecta deposits 

located outside the deformed terrain. The ejecta blankets tend to be of similar brightness as their 

surroundings in THEMIS-IR Daytime. The ejecta types vary, with some pedestal craters, but also 

pancake ejecta structures, and sinuous ejecta blankets with double layers (e.g., Barlow et al., 

2000). Ejecta blankets can be found on craters as small as ~300 m in diameter. 

spl - striated polygon terrain: Unit spl is comprised of ridges (Fig. 4G). This unit is 

located in close proximity to and appears within a ~80 km diameter impact. It follows a similar 

orientation (N-S) to the viscous flow unit. The ridges appear to have random orientations at first 

glance, but further evaluation shows that most ridges strongly trend north-south or east-west, 

with little in between. Many ridges exhibit blocky morphology reminiscent of inverted polygons, 

but much more broken and heavily deformed than those in unit Dpl. The interiors of many of 

these structures contains banded terrain morphology, some of which are concentric, and 

unaffected by ridges crossing them. Boulders ~20 m in diameter can be seen following along the 

bands of the banded terrain. Many ridges truncate suddenly, as polygons similarly will, and other 

ridges seem to be overlain or buried by material, perhaps windblown.  

vf - viscous flow unit of unknown composition. vf is a smooth and even unit comprised 

of a viscous, unknown material (Fig. 4H). It appears adjacent to the striated polygons (spl) and 

partially infills a ~80 km diameter impact crater. It may be genetically linked to the plains unit, 

as the surface morphology is similar in roughness and flatness.  
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pn - plains unit. This unit is located north of all deformed terrain units and contains what 

other authors identify as wrinkle ridges and plains (Fig. 4I) (Moore and Wilhelms, 2001; 

Bernhardt et al., 2016a; Diot et al., 2016). The wrinkle ridges are large, 3-5 km wide structures, 

with a smooth and lobate morphology. Not all wrinkle ridges in the area have a ridge-like 

morphology; some only have a relief change on one side and are flat on the other, and they seem 

reminiscent of flow front structures. The plains are lumpy, with lumps exhibiting various sizes 

and morphologies, but all lumps are relatively muted and low relief when compared with the 

domes in the knob units. The smoother plain regions are rough on a 100 m scale, and contain 

many craters, pits, and pockmarks. Some plains material is observed in the interiors of the 

northern honeycomb cells.  

 

4. Discussion 

4.1 Field Relationships and Interpretations 

Relationship between ridge (Drt) and dark mantling (Ddm) units. Both of these areas 

contain a dark, sharply defined material, but Ddm is unbroken and smooth, while Drt is broken 

up into ridges, with polygons and evidence of flow in the troughs. It’s likely that Ddm and Drt 

are different expressions of the same unit, with Drt simply a more eroded and deformed version 

that also has exposures of the unit underneath visible in the troughs.  

Bernhardt et al. (2016a) described these two units as part of their dark mantle material 

(Amd) and honeycomb (Nh) units. They interpreted their dark mantle material unit as having 

been eroded by the katabatic winds traveling clockwise around the basin, as modeled by Howard 

et al. (2012), and believe this unit is likely recently eroded or still being eroded.  



21 
 

Because of the polygons and flow channels found between the ridges, a number of 

processes may be responsible for the ridge-like morphology of unit Drt, including desiccation, 

wind erosion, and fluvial processes.  

Formation processes of the banded terrain (Dff). Diot et al. (2014, 2016) made several 

observations about the banded terrain, such as it seemingly draping over underlying units and its 

association with mantle material, that Bernhardt et al. (2016a) saw as evidence that the banded 

terrain is a thin veneer. However, they also could not fully rule out the idea that the bands are the 

surface expression of a thicker unit, and potentially related to the honeycombs in formation 

mechanisms.  

A thin veneer would not be able to fully explain other observations of the banded terrain. 

The observation of a highly convoluted, high relief block of banded terrain (Fig. 10) would 

imply that the bands can be thicker than a thin veneer, and they do not simply drape over 

underlying terrain. The presence of isolated clusters of bands within the pDkb and pDek units 

may also imply that the banded terrain is not the youngest unit as concluded by Diot et al. 

(2016).  

The aforementioned polygonal structures ~10 m in diameter that are found on the surface 

of bands seem to resemble desiccation polygons (Diot et al., 2014) or perhaps even columnar 

joints, as they display angular, typically hexagonal morphologies. However, a closer look at 

these structures reveals a uniform tilt and a lack of terminating cracks. While they are found 

within impact crater interiors (Fig. 11A), which could either imply polygons or dunes, they are 

also found on ridges (Fig. 11B), where uniform, desiccation-based polygons would be highly 

unlikely to form. These small dunes can also be seen transitioning smoothly into the larger dunes 

southeast of the ridge. Instead, dunes are a more likely possibility, from their tilted nature and 
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ubiquity. Small ~ 20 m dunes in this location would imply recent or current aeolian erosion and 

deposition, rather than desiccation or ice-related processes as implied by polygons as interpreted 

by Diot et al. (2014).  

Polygonal structures (Dpl and spl). Dpl and spl, mapped by Bernhardt et al. (2016a) as 

Ap and Ar, respectively, are potentially related terrains. The polygons of unit Dpl likely formed 

via desiccation, or perhaps extension due to uplift (Bernhardt et al., 2016a), as they are observed 

to lie on a relative topographic high. They interpreted the giant inverted polygons as clastic 

dikes, potentially formed by filling the cracks with material that was less susceptible to erosion 

and the surrounding material eroding away to create the inversion. This interpretation is 

corroborated by the presence of several inverted channels (Fig. 12) located ~200 km from Dpl 

and ~100 km from spl, which likely formed in a similar manner.  

As for the striated polygons in unit spl, Bernhardt et al. (2016a) proposed several 

potential modes of formation for what they and others identify as a reticulate, ambiguous unit 

(Moore and Wilhelms, 2001; Diot et al., 2016). The first is eolian, which is a consequence of the 

unit being located in an area of frequent strong winds (Howard et al., 2012; Bernhardt et al., 

2016a). This is potentially supported by our observations of dunes within the topographic lows 

of this unit. Another possibility they considered is a similar formation mechanism as the inverted 

polygons of unit Dpl, wherein the ridges of the unit may be degraded giant inverted polygons. 

This explanation, however, does not fully explain why the striated banded terrain morphology 

does not seem to be affected by the deformed ridges. They also mentioned a periglacial origin 

proposed by Moore and Wilhelms (2001), involving grounded icebergs leaving impressions in 

soft sediments. As this is no longer a favored mechanism of origin for the honeycomb structures 

(Bernhardt et al., 2016b), it follows that the striated polygons likely were not formed by iceberg 
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impressions like thermokarsts. In addition, the morphologies differ, with thermokarsts on Earth 

and Mars exhibiting rounded, scalloped morphologies, and the spl unit being more blocky and 

polygonal. The last possibility is that this terrain is the surface expression of a much thicker unit, 

likely tectonically altered, and that the striations within the polygons may be related to the 

formation of the banded terrain.  

Knobs and plains (pDkb, pDek, pDls, vf, and pn). The three units pDkb, pDek, and 

pDls are all located on what is known as the Alpheus Colles plateau (Moore and Wilhelms, 

2001; Bernhardt et al., 2016a), which is a relative topographic high, averaging -6600 m 

(Bernhardt et al., 2016a), and part of a larger circular interior formation covering the center of 

the basin. The separation of these three units only has to do with the morphology and spacing of 

the knobs making up the unit, so it stands to reason that the formations of these three units is 

related, if under slightly different conditions. They may be the result of dome forming processes 

or created through erosional processes. There is certainly enough evidence of wind erosion, such 

as dunes in the topographic lows, to support such an idea. Evidence for doming could potentially 

be found in partially eroded knobs, where banded terrain morphology at the edges may be a 

remnant of dome strata. If it is doming, these are not the typical concentric domes seen on Earth 

but are exceptionally complex structures likely linked in the subsurface. 

The two units vf and pn may be related to each other, as stated above, and they may also 

be distantly related to the three knob units. While the plains units do not have the high-contrast 

domes of the knob units, the plains do exhibit a muted lumpy morphology, albeit of a different 

average size and shape. However, it may be possible that the plains could have formed under a 

similar mechanism as the knobs, but under differing conditions. 
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Impact deposits (pDip and ipd). The impact structures inside and outside the deformed 

terrain differ in that the pDip unit deposits all exhibit pedestal crater morphology, while those in 

ipd display various other morphologies depending on size of the crater and location. This may be 

evidence that the deformed terrain material was from similar sources under different formation 

conditions, or that time of formation was concurrent. 

The honeycomb structures (Dof). The honeycomb terrain is split into two regions, the 

northeast and southwest, but both are undeniably honeycombs, with slightly different surface 

morphology. What could cause the difference in morphologies? The southwest honeycombs, as 

mentioned above, are smoother and contain more banded terrain, while the northeast 

honeycombs are rougher and contain more dunes in the cell interiors. One possibility for this 

difference is their separation by a large high relief impact region, which may influence the 

deposition of eroded materials. As the katabatic winds through the basin are modeled to travel 

clockwise (Howard et al., 2012), the northeastern honeycomb cells are downwind from the 

southwestern ones, and material eroded from the southwestern cells may be deposited in the 

northeastern cells, or the northeastern cells may be better protected from wind erosion. However, 

some northeastern honeycomb cells immediately adjacent to the impacts exhibit banded terrain 

morphology and comparatively appear more like those in the southwest, so there must be more to 

the explanation.  

Alternatively, the southwestern honeycombs could be younger than those in the 

northeast, as the southwestern honeycombs retain a double ridge, have many more instances of 

banded terrain within the cell interiors, and have sharper edges in general. The honeycombs in 

the northeast may have lost their double ridges and banded terrain through erosion, thus 

exhibiting rounder ridges and containing more dunes within the cell interiors.  
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The honeycombs in the northeast also exhibit plains morphology in their interiors, while 

the ones in the southwest do not. Whether the presence of plains morphology is a result of a unit 

emplaced from the north encroaching on the honeycomb cells, or simply eolian deposits, is 

difficult to say.  

Bernhardt et al. (2016a) tentatively interpreted the honeycomb cells as truncated domes, 

formed by perhaps upwelling in a ductile medium. In a further study, Bernhardt et al. (2016b) 

determined salt and ice diapirism as the favored mechanisms of formation of such dome 

structures, and Weiss and Head (2017) expanded on possible conditions for such scenarios. 

Some of our observations support the dome hypothesis. For one, some cells and ridges contain 

the presence of material similar in texture and roughness to that of the dome caps in the knob 

units. Also, some honeycomb cells exhibit interiors entirely of raised relief, rather than a 

depression. Why only some honeycombs have a dome structure and the majority do not is 

another question entirely.  

The banded terrain seen within the ridges of the southwestern honeycombs is highly 

convoluted and located in topographic lows between double ridges separating the cells, about on 

the level of the honeycomb interiors. The ridges in the north, however, are complex, single, thick 

ridges, some of which show partial erosion. The banded terrain within the ridges in the southwest 

may be the interior of the ridges seen in the northeast, exposed through erosion.  

From the above observations of the honeycomb structures and other units, we find that 

the three adjacent units—the honeycombs, flow folds, and knobs—are closely related features, 

potentially three surface expressions of the same feature at different depths and exposed due to 

differing levels of erosion.  

 



26 
 

4.2 Potential Mechanisms of Formation for the Honeycomb Terrain 

Diapirism and convection. Convection cells seem to match the morphology of the 

honeycomb terrain fairly accurately, with the cell shapes having generally rounded edges and 

most being closed. The size range is also possible, with the cell interior sizes being consistent 

with salt diapir expressions on Earth. The spacing of honeycomb cell interiors has a similar ratio 

to that of the withdrawal basins of the Sigsbee Nappe in the Gulf of Mexico, so a diapirism 

mechanism is probably feasible. The amount of estimated water required for both salt and ice 

diapirism of this scale is also thought to be possible for the time of formation (Weiss and Head, 

2017), and ice diapirism is the favored mechanism because of the smaller amount of water 

needed.  

However, there are some features of diapirs that are not quite reflected in the honeycomb 

terrain. There is more gradation in the Sigsbee Nappe when transitioning from basin to ridge, 

that is, the ridges are much more stark and prominent in the honeycomb terrain. The Sigsbee 

Nappe diapirs also do not display honeycomb terrain’s tendency to have long, straight ridges 

able to be traced across multiple honeycombs (Fig. 13). The honeycombs also do not exhibit any 

surficial extrusive flows as expected from a diapiric scenario, although that may be attributed to 

erosion. In addition, when considering ice diapirism, the current models for both Europa focus 

on thermally driven diapirism, with some density-driven components (Pappalardo and Barr, 

2004), while those for Triton focus on density and compositionally driven diapirism (Schenk and 

Jackson, 1993), which may influence the mechanics of such diapirism on Mars.  

There are two main possibilities for the influence of diapirism on the creation of the 

honeycomb structures. The first is the upwelling occurring in the ridges, and downwelling 

occurring in the honeycomb cells (withdrawal basins) (Fig. 14A), as modeled by Weiss and 
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Head (2017). The other possibility is where the upwelling occurs in the cells and downwelling 

occurs in the ridges (Fig. 14B). If the upwelling material in the cells were less consolidated or 

lower density than the overburden material, it would follow that the cell interiors would be 

depressed through more erosion compared to the ridges composed of overburden material. The 

eroded cells would also be prime locations to entrap sediments downwind, as seen in the 

northeastern honeycomb region in the form of dunes within the cell interiors.  

When incorporating the interpretation that the flow folds, honeycombs, and knobs may be 

three surface expressions of the same feature at different levels, we note that the most eroded and 

lowest elevation feature, the flow folds, are made up of material similar in texture, color, and 

morphology to the honeycomb interiors. The higher relief ridges of the honeycombs are made up 

of material similar in texture, color, and morphology to the exposed knob caps. The convoluted 

nature of the flow folds may be a result of proximity to a heat source in the mantle, if thermally 

driven diapirism is considered, or a result of density differences with the overburden material. 

The flow folds may represent the upwelling layer, which could explain the inconstancy and lack 

of distinct cells like the honeycombs.  

Polygons. The honeycomb structures have often been described as polygonal (Moore and 

Wilhelms, 2001; Diot et al., 2014, 2016), which leads one to consider that giant polygons may be 

involved in their formation. At first glance, the outward morphology of the honeycomb 

structures does not resemble that of typical giant polygons, as the cells are too rounded, the ridge 

widths between them are often too wide, and there are very few ridges that truncate within a 

honeycomb cell. A side-by-side morphological comparison of units Dof and Dpl (Fig. 15) shows 

few similarities beyond the thin ridges separating large, generally enclosed cells.  
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However, some features exist in units Dof and Dpl which may provide some evidence for 

the potential influence of giant polygons. In unit Dof, the region within the box in Fig. 16 

exhibits angularity that does not easily form with convection mechanisms but is much more 

common in polygons. There are also some ~1 m cells in the ridges between the honeycomb cells 

immediately adjacent to similarly sized polygons, evidently from the deformation or alteration of 

said polygons. Some polygons in Dpl exhibit rounded morphology, either on the interior (Fig. 6) 

or the ridge (Fig. 15A). The preferred orientation seen in the honeycomb cells is also possible to 

create with polygons, which can elongate due to formation on a slope or directional drying.  

Finally, the size range of the honeycomb structures is feasible on Mars, as giant polygons 

3 – 20 km in diameter exist in Utopia basin (McGill, 1986). There are also giant polygons in 

Isidis Planitia, 250 km north of Beruri crater, that are of a similar size as the honeycomb cells, 

and exhibit elongation along an axis (Fig. 17A). Large polygons also exist northeast of Orinda 

crater, which have long axes up to 17 km (Fig. 17B). Giant desiccation cracks, then, may still 

potentially be a driving mechanism in the formation of the honeycomb terrain.  

If polygons are feasible, there must be a secondary mechanism that occurred to make the 

polygons exhibit a more rounded morphology. One possible scenario would be a different, more 

consolidated material being emplaced in the troughs or cracks of the giant polygons (Fig. 18), in 

a similar manner to the inverted polygons in unit Dpl (Fig. 4D), and the inverted channels found 

between units Dpl and spl (Fig. 12). Such a scenario would also require the subsequent erosion 

of the surrounding material by wind.  

Breakaway fault and decollement folds. The location of the honeycomb terrain within a 

basin and the observation that the cells tend to be sub-concentric to the basin center may point to 

a scenario involving the gradational spreading of viscous materials along a regional topographic 
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gradient (Fig. 19). This origin may also explain the honeycomb elongation, as well as the ridges 

between cells being connected for long basin-concentric stretches and having fairly regular 

spacing between parallel ridges (Fig. 13). Gravitational slumping is also consistent with 

convoluted three-dimensional folding as observed in the honeycomb ridges.  

A potential location for breakaway faulting along the rim of Hellas basin can be seen in 

Fig. 20. While this double ridge may also be the expression of a rift, the trend is along the basin 

rim and subparallel to the honeycomb terrain trend. The initiation of a breakaway fault causing 

the spreading of viscous materials is most likely due to the gravitational pull downslope from the 

basin rim, and potentially some instability in the basin edge rocks from uplift caused by the 

impact that created the basin. We cannot completely discount a catastrophic tectonic origin or 

increased pore-fluid pressure in the rocks as having components in the initiation of a fault. 

Further evidence of such a fault is likely lost to erosion or covered by the younger plains unit to 

the north of the honeycomb unit. The presence of wrinkle ridges in these plain units is thought to 

be the result of an isotropic stress field from most likely global cooling causing contraction 

(Bernhardt et al., 2016a), which may be an alternative source of stress for the initiation of a 

breakaway fault and requires further study and testing to determine its viability.  

While there is compression due to gravity along the rim to basin center axis causing 

parallel ridges, compression must also exist along the lengthwise direction to create enclosed, 

cell-like structures. This lengthwise compression may stem from (1) turbulence during 

gravitational slumping; (2) a large landslide from the west sliding into a lake feature that may 

have been present; (3) expansion of ice as lake water cools; (4) a gravitational spreading sheet in 

the west; or (5) the plains unit also covers a breakaway on the west side of the basin. Evidence 

for most of these explanations has most likely been covered by the young plains unit or eroded 
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away. However, potential evidence for a breakaway on the west side of the basin may be found 

in the striated polygon unit (spl). Because they are most likely heavily deformed extensional 

polygons, they may be a surface expression of extensional structures associated with breakaway 

faulting from the western rim of the basin (Fig. 21). The scarp for the breakaway associated with 

these structures has likely eroded away.  

 

5. Conclusions 

Although it remains enigmatic, the geological relationship between the honeycomb 

terrain and its surrounding units allow us to establish its possible formation history and formation 

mechanisms. While both salt and ice diapirs as a formation mechanism are possible, they do not 

fully explain all observations. We define two possible diapirism mechanisms, where upwelling 

and downwelling are either in the ridges or the basins. Our observations made through 

systematic photogeologic mapping lead us to introduce two alternative formation mechanisms 

for the honeycomb terrain and some of their surroundings. Through comparisons with various 

instances of giant polygons on Mars, we propose a possible inverted desiccation polygon-based 

origin, which requires a secondary mechanism to alter the polygonal structure. From the 

observation of long continuous ridges along the honeycomb cells, we determine that a breakaway 

fault from the Hellas crater rim is another potential formation mechanism for the honeycomb 

terrain. These two newly proposed formation mechanisms have important implications for the 

formation history of Hellas basin in terms of geology and climate. More detailed studies of 

Hellas basin as a whole, as well as eventual field studies, will help further our understanding of 

the origin of the honeycomb structures.    
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Figure 1: CTX images of typical honeycomb terrains. (A) Northeast, more regular and rough 

terrain (image ID: P19_008361_1443; image center: 35.34°S, 58.35°E); (B) Southwest, more 

elongate and smooth terrain (image ID: D20_034852_1414; image center: 36.96°S, 55.63°E). 
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Figure 2: Regional maps. (A) MOLA elevation map of Hellas basin with location of Fig. 1B in 

white box (Image credit: NASA/JPL-Caltech/Arizona State University). (B) Daytime infrared 

image of mapping area encompassing the extent of the honeycomb structures (in green), with 

locations of CTX and HiRISE-based figures marked in white boxes. 
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Figure 3: Geomorphologic map of the honeycomb terrain and surroundings. The THEMIS-

Daytime-IR in Fig. 2 was used as a basemap.  
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Figure 4: Unit type localities. North is up in all figures. (A) Ridge unit (CTX image 

P14_006634_1413; image center 36.47°S, 54.64°E); (B) Flow folds unit (CTX image 

F21_044030_1435; image center 36.86°S, 58.2°E); (C) Dark mantling unit (CTX image 

P16_007412_1432; image center 38.36°S, 52.35°E); (D) Polygon unit (CTX image 

D19_034786_1430; image center 36.73°S, 57.92°E); (E) Knob unit (CTX image 

B20_017512_1423; image center 37.66°S, 61.39°E); (F) Elongate knob unit (CTX image 
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P17_007504_1434; image center 37.95°S, 59.94°E); (G) Striated polygon unit (CTX image 

P16_007188_1374; image center 40.55°S, 49.17°E); (H) Viscous flow unit, on left side of image 

(CTX image P13_006265_1389; image center 38.7°S, 50.37°E); (I) Plains unit (CTX image 

P18_008203_1444; image center 35.73°S, 53.5°E).  
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Figure 5: CTX images of banded terrain. (A) With dome material (image ID: 

P13_005988_1386; image center: 39.43°S, 53.6°W); (B) With high-relief plateau or dome-like 

structure (image ID: B17_016286_1406; image center: 39.53°S, 54.89°E).   
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Figure 6: A polygon within unit Dpl with a rounded interior. Note that surrounding polygons 

display similar roundedness to a lesser degree (CTX image: D19_034786_1430; image center: 

36.67°S, 57.97°E). 
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Figure 7: Comparison of banded terrains within (A) knob unit pDkb (CTX image: 

P13_006146_1410; image center: 40.85°S, 59.69°E), and (B) flow fold unit Dff (CTX image: 

P13_005988_1386; image center: 39.12°S, 53.58°E).  
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Figure 8: Transition from knob unit pDek to flow fold unit Dff (CTX image: 

G20_026070_1427; Fig. 8A image center: 36.42°S, 58.59°E). (A) The white dotted line indicates 

the approximate division between pDek and Dff. The black box indicates the location of Fig. 8b. 

(B) Eroded knob with banded terrain interior.  
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Figure 9: Impact ejecta (pDip) overlaying honeycomb terrain. Arrows denote honeycomb ridges 

visible through erosion of impact ejecta (CTX image: P17_007715_1423; image center: 37.43°S, 

57.35°E). 
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Figure 10: Highly convoluted and chaotic banded terrain in unit Dff, with high relief (CTX 

image: D19_034786_1430; image center: 37.39°S, 58.03°E).  
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Figure 11: HiRISE image ESP_025925_1420 showing ~20 m wide dunes in (A) the center of a 

crater and (B) covering a ridge. Images centered at 37.83°S, 56.77°E and 37.86°S, 56.77°E 

respectively.  
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Figure 12: Inverted channel in Dff (CTX image: B20_017565_1410; image center: 39.3°S, 

54.74°E). 
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Figure 13: (A) THEMIS-Daytime-IR image of northeastern honeycombs. (B) The same image, 

with parallel ridges denoted by red lines.  
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Figure 14: Potential diapirism models. (A) Upwelling occurring in the ridges, as suggested by 

Weiss and Head (2017). (B) Upwelling occurring in the cell interiors, which subsequently were 

eroded by winds, as proposed by Bernhardt et al. (2016a).  
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Figure 15: Comparison between (A) polygon in Dpl with rounded rim (CTX image: 

D19_034786_1430; image center: 36.88°S, 57.89°E) and (B) honeycomb structure of similar 

size (CTX image: F21_044030_1435; image center: 35.37°S, 58.15°E).  
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Figure 16: Possible polygonal morphology within the honeycomb terrain. Larger white arrows 

indicate sharp angles between straight ridges (CTX image: B21_017710_1425; image center: 

37.09°S, 55.13°E).  
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Figure 17: Giant polygons on Mars. (A) Elongated polygons on the western edge of Isidis 

Planitia (CTX image: J03_046073_1900; image center: 10.48°N, 81.26°E); (B) Eroded polygons 

in Utopia Planitia, northeast of Orinda Crater (CTX image: G02018920_2261; image center: 

46.57°N, 129.01°E).  
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Figure 18: Desiccation polygon formation mechanism. (A) Polygons form via desiccation. (B) 

Cracks between polygons erode into troughs, potentially channels, and resemble polygons in Fig. 

15B. (C) Troughs are infilled with a viscous material which becomes more consolidated than 

surrounding polygon material, a similar process to that of the formation of inverted channels and 

inverted polygons. (D) Less consolidated polygon interiors erode, creating a honeycomb cell 

morphology.  
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Figure 19: Breakaway fault formation mechanism. (A) A “sand”-like layer, poorly consolidated, 

overlays a more viscous layer within the basin. (B) A breakaway fault at the rim of the basin is 

generated mainly by gravity, causing deformation of the portion of viscous layer closer to the 

surface, and allowing it to break through the surficial sand layer, possibly through erosion. (C) 

The younger plains unit to the north of the honeycombs is emplaced, obscuring the fault trace 

and extensional structures associated with breakaway faulting.  
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Figure 20: Potential fault scarp. (A) THEMIS-Daytime-IR image of northeastern honeycombs 

and area north, unaltered. (B) Northeastern honeycombs are in green. The breakaway zone is 

located at the rim of Hellas basin as defined by Bernhardt et al. (2016a).  
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Figure 21: Extensional polygons in the west potentially causing compression on the northeast-

southwest axis in the honeycomb structures. Striated polygon unit is in purple and southwest 

honeycomb terrain is in green.  
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