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Introduction:  The increasing availaibilty of high 

resolution data of the surface of Mars enables the 

recognition and interpretation of smaller features that 

have been previously studied.  Small depressions are 

very common on the Martian surface and have been 

attributed to a range of processes including primary 

impacts, secondary impacts, periglacial features, tec-

tonic collapse, and volcanic activity. Both maar di-

atremes and periglacial features reflect near surface 

water and ice, so the recognition of these particular 

features is important to reconstructing the distribution 

near surface volatiles on Mars. Initial studies have 

recognized many candidate features relating to these 

processes and conducted initial comparisons with 

individual Earth analogs and other locations on Mars. 

What has become increasingly obvious is that the 

morphologies of small depressions, including the tar-

get hydrovolcanic and periglacial features, are not 

easily distinguished. It is therefore necessary to cata-

log a range of similar geomorphic features and isolate 

diagnostic characteristics for features and feature 

classes.  

Additionally, it is highly likely that features pro-

duced by different mechanisms occur in the same ge-

ographic area. Indeed, on Earth there are examples of 

maar volcanoes occurring among numerous thermo-

karst lakes (Clear Lakes maars, [1]; Seward Penninsula 

[2]). On Mars, there have been multiple instances of 

proposed magmatic activity as a trigger for localized 

melting of near surface ice [3]. Furthermore, it would 

be reasonable to superpose both primary and second-

ary impacts in the same region as these volcanic and 

periglacial processes.  

This study is a preliminary attempt to distinguish 

the suite of characteristics that can be used to differ-

entiate small closed depressions on Mars to aide in-

terpretation formation mechansims. The focus is on 

closed depressions between 1-15 km in diameter. This 

is the first step in a study to recognize maar-diatremes 

on the Maritan surface. To study areas where Martian 

maars might be found, preliminary areas of study in-

clude those where both ice and volcanic activity have 

been proposed, namely Xanthe Terra and the western 

margin of Utopia Planitia.    

Approach: In order to establish diagnostic charac-

teristics of small depressions on Mars, previously 

recognized case study landforms were selected for 

comparision. These features were chosen for their 

complex shapes, that contrast with simple impact cra-

ters including: collapsed pingos [4], secondary impact 

crater clusters [5], and terrestrial maar-diatremes [6]. 

Morphometry of several populations of previously 

identified closed depressions were collected, includ-

ing the planimetric shape parameters, size, and charac-

teristics of the depression floor. This can include 

quantitiative depth and slope information, when availa-

ble, and the general characteristic of the depression 

floor (Fig. 1).  

 

 
Figure 1: Example diversity of small closed depression mor-

phology (1-15 km in diameter) observed on Mars. Many land-

forms may have similar morphological characteristics, but the 

combination of these characteristics and environment are the 

first critical step to interpreting small depressions.  
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Planimetric shape parameters include: aspect ra-

tio, elongation and isoperimetric circularity. These 

shape parameters are based on the area, perimeter, and 

major dimesions of the polygon defined by the rim of 

the features. Depressions were manually digitized 

using Context Camera (CTX) imagery [7].  

Landforms of interest:  

Maar-diatremes:  Volcanic craters and calderas 

come in a range of sizes on Mars. Those that occur on 

topographic constructs are excluded from this com-

parison. This leaves small calderas, maar-diatremes 

and, tuff rings. The recognition of these features is 

important as they reflect subsurface processes of both 

magma and ground water/ice. Candidate maars and tuff 

rings have been identified as a byproduct of other 

studies [8,9,10], but the number of candidate features 

remain small. The candidates have occurred in the 

presence of other volcanic features like scoria cones 

or potential glaciovolcanic deposits, but have included 

only a handful of landforms. Devoted studies looking 

for maar diatremes [6] are underway and part of the 

motivation for this current comparison. The Martian 

maar candidates have diameters of a few kilometers 

with elongation values between 1.06-1.36 and circu-

larity values of 0.9. Maars on Earth have sizes between 

0.05-6 km and elongation values of 1.31 and circulari-

ties of 0.9 where 1 is the value of a circle for both 

parameters.  

Collapsed Pingos:  Collapsed pingos form when 

an accumulated mass of ice, in a small mound called a 

pingo, melts and the displaced sedimentary material 

piles up in an irregular ring at the margins of the for-

mer mound. Periglacial features have been recognized 

in a range of environments on Mars [11], with abun-

dant pingos and collapsed pingos being recognized in 

Utopia Planitia [4]. These can be contrasted with 

thermokarst depressions that display a range of mor-

phologies spanning kilometers to tens of kilometers 

in diameter [4,12,13]. These large depressions fre-

quently display narrow drainage channels [12] that 

have not been described in association with other 

small depressions. The proposed Martian collapsed 

pingos occur in close clusters in the presence of in-

tact pingos and polygonal ground [4]. This study meas-

ured proposed collapsed pingos on Mars, which have 

diameters between 0.57-1.06 km with elongations 

1.15-2.77 and circularities between 0.97-0.5.  

Secondary Impact crater clusters: These depres-

sions must also be distinguished from primary and 

secondary impact craters. The complex shapes of per-

iglacial and volcanic features set them apart from 

simple impact craters, but a closer look at secondary 

impact craters is required. Secondary craters occur 

radial to primary impacts, have irregular outlines and 

frequently occur in semi-linear oriented clusters that 

can have a herringbone distribution. Secondary craters 

occur at a range of sizes, but are a greater proportion 

of the population of imact craters at smaller diame-

ters, particularly <2 km on Mars according to the da-

tabase by [5]. While this database does not include 

craters <1 km, it is inferred that the contribution of 

secondaries is likely even greater at <1 km [5]. The 

morphology of secondary impact craters is typically 

more irregular than primary impacts and have many 

qualitative descriptions including an asymmetrical 

scooped shape and splattered ejecta. Initial morpho-

metric surveys of secondary craters in clusters identi-

fied in the study areas here have a range of sizes 0.3-8 

km with elongation values 1.01-6.03 and circularity 

values 0.93-0.35. 

Initial observations: Important morphometric 

features for distinguishing small closed depressions 

on Mars include the presence of a raised rim, the 

presence of septa (raised rims internal to a depres-

sion) between basins, the shape of the floor of the 

depression, the presence of a moat, mounds within the 

depression, and chanel-like features leading away 

from the depression. Additional characteristics such 

as alignment, proximity to other diagnostic landforms 

such as lava flows, polygonal cracks, intact pingos, and 

ejecta blankets are also important to interpreting the 

origin of a depression on Mars. Detailed comparisons 

of similar features is an important step to confidently 

interpreting the abundant small holes on maars.  
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