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Introduction:  Meteorite impact craters are one of 
the most common landforms on Mars [1]. Accurate 
evaluation  of Martian craters and a detailed under-
standing of the impact cratering process on Mars is 
necessary for hydrological, geological and paleocli-
matic reasons. For example, the presence of “layered" 
or "fluidized" ejecta structures [2], has typically been 
explained by the presence of H2O at depth in the Mar-
tian subsurface [3]. However, exactly how and in what 
state H2O is incorporated into the ejecta is unclear. 
Accurate identification of impact structures is also 
important for estimating the age of planetary surfaces. 
The possible presence of H2O ice at depth throughout 
the regions of fluidized ejecta also raises interesting 
questions about H2O origin and emplacement. 

On Earth, (sub-)circular structures may have ori-
gins through impact, tectonic, volcanic, sedimen-
tological or periglacial activity. Various, often con-
flicting, origins have also been proposed for circular 
structures on Mars. Thus, being able to differentiate 
structures associated with impact formation from those 
that are not (e.g., periglacial features), is a critical step 
in interpreting the paleoclimate history of Mars. 

This study forms part of a larger ongoing collabo-
rative investigation of impact [4] and periglacial [5-7] 
landforms. Here, we discuss various types of circular 
structures (CS's) in Utopia Planitia and the implica-
tions of these landforms for our understanding of the 
history of H2O in this region. 

Utopia Planitia – A periglacial landscape:  Uto-
pia Planitia (UP) is a major topographic depression 
situated in the northern plains of Mars. The presence 
of  small-sized polygons [8] and possible thermokarst 
features [9], led to the suggestion that UP contains ice-
rich sedimentary deposits, whose emplacement could 
well be atmospheric and relatively recent  [6, 9].  

Circular structures in Utopia Planitia:  We have 
identified 5 main types of circular structures in UP, 
using MOC and THEMIS imagery (Fig. 1). 

Type 1 – Small sub-circular mounds.  Small (~50–
150 m in diameter), roughly circular mounds have 
been recognized within impact craters and on the sur-
rounding plains (Fig. 1a). These mounds are com-
monly crossed by small-sized (unsorted) polygons. 
Similar, but smaller mounds, have been observed pre-
viously within an impact crater in UP [5]. These 
mounds are interpreted as hydrostatic (closed-system) 
pingos (i.e., ice-cored mounds) (cf., [5]). 

 
 

Figure 1. (a) Type 1 CS's in a region of small-sized polygo-
nal patterned ground. Portion of MOC image e500488 (41.7 
oN, 277.2 oW). (b) Type 2 CS's. Portion of MOC image 
e500488 (41.7 oN, 277.2 oW). (c) Type 3 CS's. Portion of 
THEMIS image V12342003 (42.5 oN, 82.1 oE). (d) Type 4 
CS's. Portion of MOC image r0500393 (42.0 oN, 279.4 oW). 
(e) Type 4 CS's on the floor of a thermokarst depression. 
Portion of MOC image e0401564 (41.8 oN, 277.4 oW). (f) 
Two Type 5 CS's with a cluster of Type 3 Cs's to the left. 
Portion of THEMIS image V12342003. Scale bars are 1 km. 

 

Type 2 – Shallow depressions surrounded by con-
centric and radial cracks.  These circular structures, 
up to several kms in diameter, are only found in asso-
ciation  with small-sized polygonal patterned ground 
(Fig. 1b, and upper left corner of Fig. 1a). Circular 
patterns of small-size (sorted) polygonal patterned 
ground are not uncommon in the Arctic; however, in 
these instances the polygons continue into the centre of 
the structure, which is not the case with these Martian 
structures. It is, therefore, suggested that these CS's 
mark the locations of impact craters buried by the 
mantling material (cf., [10]). 
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Type 3 – Sub-circular to irregularly shaped 
rimmed depressions. Distinctive sub-circular to irregu-
larly-shaped, often coalescing, rimmed depressions, 
have been found concentrated in a region 39–42 oN, 
262–280 oW. They occur in clusters and are concen-
trated in regions of bright surface materials and in 
what appear to be topographic lows (Fig. 1c). Their 
irregular shape rules out an impact hypothesis as does 
the correlation with types of surface material. They are 
common in regions displaying small-sized polygonal 
patterned ground and thermokarst-like collapse fea-
tures [5-7]. In addition, they are also associated with 
the Type 1 CS's, which are interpreted as pingos. We, 
therefore, suggest that these Martian structures are 
collapsed pingos. Pingos and collapsed pingos are 
common in the ice-rich landscape of the Tuktoyaktuk 
Peninsula, Canada, and have also been documented in 
Athabaska Valles [11]. They could easily be mistaken 
for secondary or small primary impact craters.  

Type 4 – Sub-circular rimmed features containing 
layered mounds. These structures comprise flat floors, 
a raised rim and vary from circular to irregularly-
shaped (Fig. 1d). They typically contain mounds of 
layered material. Morgenstern et al. [10] identified 
similar features on the floors of large thermokarst de-
pressions (Fig. 1e) and interpreted them as impact cra-
ters, partly filled by layered material. It is notable that 
not all Type 4 CS's occur in thermokarst depressions 
and many are irregular in shape, therefore, a collapsed 
pingo hypothesis for some of these structures cannot 
be ruled out. The mounds could represent regrowth of 
pingos within a previously slumped basin. 

Type 5 – Circular rimmed-depressions surrounded 
by ejecta.  These structures are circular and surrounded 
by ejecta (Fig. 1f), and are interpreted as meteorite 
impact craters. They are clearly distinguishable from 
the Type 3 CS's, interpreted as collapsed pingos. 

Three main types of layered ejecta structures have 
been recognized on Mars, comprising single (SLE), 
double (DLE), or multiple (MLE) layers of ejecta [2]. 
Several previous workers have noted the relative abun-
dance of layered ejecta structures, in particular DLE 
craters, in UP [12]. Figure 2 shows an image of a SLE 
ejecta structure. Several rimless, flat-floored depres-
sions, up to several 100 m in diameter and 20–30 m 
deep, occur on the crater floor, within the ejecta depos-
its, and also in the surrounding terrain and are inter-
preted as thermokarst collapse features. Such thermo-
karst landforms form when the thermal equilibrium of 
ice-rich permafrost is disturbed, which leads to the 
partial melting and movement of near-surface ground-
ice [7]. On Mars, it is likely that the melting of ground-
ice occurs at high obliquity. 

 

 
 

Figure 2. Thermokarst collapse features occurring on the 
floor (a) and within the ejecta blanket (b) of a ~6.3 km di-
ameter impact crater. The dashed line denotes the edge of the 
ejecta layer. MGS MOC image r1101435 (268.05oW, 
47.57oN). Image is 13.27 km across. North is to the right. 

 

Discussion:  Several workers have noted the rela-
tive abundance of layered ejecta structures, in particu-
lar DLE craters, in the northern plains (summarized in 
[12]). The presence of putative periglacial landforms 
in UP, such as polygonal and mottled terrain, as well 
as thermokarst-like depressions, has led to the sugges-
tion that these regions of Mars contain abundant 
ground-ice in the subsurface (e.g., [9]). However, it 
should be noted that while periglacial landforms and 
layered ejecta structures have been documented in UP 
on a regional scale, these geological features have not 
previously been recognized together on a local (i.e., 
sub-km) scale. 

This work clearly shows, for the first time, that im-
pact craters are intimately associated with a variety of 
periglacial features in UP that are both older and 
younger than the impact craters. This suite of perigla-
cial landforms (pingos, collapsed pingos, thermokarst, 
polygons) indicates the presence of ground-ice in the 
upper 10's of m of UP. The clear spatial correlation of 
impact craters with these periglacial landforms, further 
suggests that ice is also present at depth in UP. The 
latter is consistent with the Vastitas Borealis Forma-
tion having been deposited from Hesperian-aged out-
flow channel effluents, but the amount of sublimation 
must have been less than previously suspected [13]. 
The presence of shallow ice argues for a  possibly re-
cent emplacement mechanism. 
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