
CRATERS AND OTHER CIRCULAR FEATURES IN THE NORTHERN CIRCUMPOLAR AREA, 
MARS.  V.-P. Kostama1, M. A. Kreslavsky2,3, and J. W. Head2  1Astronomy, Dept. of Physics, University of Oulu, 
Oulu, Finland; 2Dept. Geol. Sci., Brown University, Providence, RI, USA;. 3Astronomical Institute, Kharkov Na-
tional University, Kharkov, Ukraine, misha@mare.geo.brown.edu 

 
Introduction: At high latitudes (from ~55°N to 

polar deposits), the northern plains of Mars are cov-
ered with a thin geologically young mantle with spe-
cific decameter-scale surface texture [1, 2] containing 
much water ice [3, 4]. High-resolution MGS MOC 
images [1] showed many circular features interpreted 
to be mantled craters [1]. We carried out a systematic 
survey of the high-resolution MOC images at high 
northern latitudes with a focus on the mantle texture 
and circular features. Preliminary results related to the 
textures have been reported [5, 6]. Here we report on 
our observations regarding the other circular features. 

Survey: We systematically surveyed the mantle 
texture, studied morphology and measured diameters 
of the circular features of 50 m to 1 km diameter (see 
examples in Fig. 1A, 2, 3A) in the northern plains 
northward from 55°N. We used the narrow-angle 
MOC images of 4.8 m/pix resolution. Features smaller 
than 50 m in diameter are identifiable, but size esti-
mate for them are too inaccurate, and their morphology 
is not distinguishable. Although we tried to do the sur-
vey as homogeneously as possible, the ability to iden-
tify the features and textures differ from image to im-
age due to the differences in atmospheric scattering, 
illumination geometry, presence of contrasting albedo 
features on the scene, settings of the camera, etc. 

Fresh craters: Several images at latitudes below 
70°N contain a few small sharp rimmed circular de-
pressions, apparently randomly scattered over the im-
age; a few of them sometimes are larger than 50 m, 
other are smaller (see examples in Fig. 1A, 2B). This 
situation is very similar to what should be expected for 
an accumulating population of impact craters. The 
crater density calculated over several images with such 
a probable impact crater population gives an age esti-
mate on the order of 1 Myr, using the Neukum produc-
tion function [7] recalculated for Mars [8]. This esti-
mate is highly uncertain (within an order of magni-
tude). There are many images in the lower latitudes 
where there are definitely no impact features. This 
observation suggests, that the crater retention age of 
the mantle in different locations differs at least by one 
order of magnitude. A much younger crater retention 
age of the mantle at high latitudes can be due to persis-
tent and/or frequent coverage of the area by 10s m 
thick ice layers similar to the polar cap outliers. 

For small features it is impossible to distinguish be-
tween a fresh collapse pit (see below) and a fresh im-
pact crater. This makes it difficult to obtain more reli-

able age estimates using small impact crater popula-
tion. 

 
Fig. 1. A. Portions of MOC NA image E02/01984, 1.4 km 
wide, illumination is from lower left. Pits covered with the 
mantle. Small sharp feature shown by arrow could be a fresh 
impact crater (40 m). B. Portion of THEMIS VIS image 
V05897016, 5.5 km wide, illumination from left. This place 
is located approx 50 km from that shown in A and apparently 
belongs to the same huge cluster of pits. Impact crater (ar-
row) differs in its morphology from the pits. 

 
Fig. 2. Two portions of E02/01380, 1.4 km wide. Illumina-
tion is from lower left. B has 30% higher contrast than A. A, 
impact crater, covered with mantle. B, subtle circular feature 
in the upper center, fresh small impact crater (60 m) (arrow). 

 
Fig. 3. A, Portions of E05/00602, 1.4 km wide. Illumination 
is from lower left. B, portion of M03/02859 in Isidis [12] 
with impact (upper part) and non-impact (lower part) circular 
features. Scale is the same. 

Pits:  In the 55°N -70°N zone, there is a number of 
circular or quasi-circular pits (Fig. 1A). Some of them 
clearly have a collapse origin. There are several clus-
ters of pits. THEMIS images (Fig. 1B) showed that the 
clusters are large and contain a lot of pits. The size-
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frequency distribution of the pits in the clusters is 
steeper than the impact crater production function. 
This means that the pits are not the result of the impact 
crater degradation.  

Pits, including neighboring ones, show different 
degrees of degradation: some of the pits are fresh, they 
cut the uppermost mantle layer, and disrupt the mantle 
texture, but the majority of them are softer and are 
covered with the typically textured mantle (Fig. 1A). 
There are examples where a pit covered with the bas-
ketball texture has a fresh depression in the center. 
This may be a sign of reactivation. These observations 
suggest that the formation of the pits and of the mantle 
texture is interleaved. Formation of the pits is probably 
related to desiccation of the mantle. This can be the 
first stage of formation of dissected mantle, which is 
ubiquitous southward from 55°N. This model of pit 
formation is consistent with the fact that high hydro-
gen concentration boundary [3] is located northward 
from the boundary of the intact mantle. 

Mantled circular features: These features have a 
wide range of morphologies from well-expressed im-
pact craters covered with the textured mantle (Fig. 2A) 
to hardly distinguishable circular chains of lineaments 
and/or arcuate albedo markings (Fig. 2B). The ability 
to distinguish subtle features strongly depends on the 
observational conditions and the presence and nature 
of the albedo markings on the surface. In addition, for 
such features it is not clear what should be considered 
as the feature diameter. Impact origin of features of 
this type is not completely clear. We found a series of 
transitional morphologies between clearly expressed 
impact craters (Fig. 3A) and the subtle features, which 
can be considered as evidence for impact origin of 
many of them. 

The size-frequency distribution of the largest (1-2 
km) mantled crater-like features (Fig. 4) is close to the 
production population of the Early Amazonian age. 
The deflection from the Amazonian/Hesperian bound-
ary is below a factor of two in crater density. Taking 
into account the possible bias in our diameter meas-
urements, possible failure to identify some heavily 
modified and mantled features, and possible deflection 
of the actual production function from the adopted 
one, we cannot state that this subpopulation of features 
differs from the production population of the VBF. For 
smaller diameters the difference is obvious. The crater 
retention age for smaller features is much younger. We 
interpret this as a result of repeating deposition and 
removal of meters to tens meters thick ice-rich deposits 
similar to the present-day mantle and the polar cap 
outliers [9].  

Some mantled circular features, especially smaller 
ones, probably are not of impact origin. Their rims 
(when seen) sometimes irregularly deflect from perfect 

circles. (Fig. 3A, left). They tend to cluster obviously 
much stronger than randomly. In the most populated 
images the circular feature density correspond to crater 
accumulation population older than the VBF (though 
this inference is of low statistical significance; Fig. 4). 
The slope break in the size-frequency distribution (ar-
row in Fig. 4) may be related to the characteristic size 
of this subpopulation of circular features. Cratered 
cones similar to those observed in the VBF in Isidis 
Planitia [10] (Fig. 3B) south of the mantle extent 
might be candidates for some of mantled circular fea-
tures.  
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Fig. 4.  Cumulative size-frequency distributions of crater-
like mantled features. Crosses, mantled circular features 
from all surveyed good images with intact mantle. The arrow 
shows faint but statistically significant slope break. Rhombs, 
a single image E05/02874, one of the most "populated". Thin 
lines show impact crater production isochrones dividing the 
periods of geological history of Mars. The isochrones are 
computed using the Neukum production function [7] recalcu-
lated to Mars [8]. The shaded band is the Hesperian. The 
isochrones 0.3 Ma and 4.6 Ma correspond to the most recent 
important obliquity maxima. The dropdown of the isoch-
rones at the right edge is due to removal of craters larger 
than 2 km from the production function. Vertical lines corre-
spond to one sigma formal statistical uncertainty.  
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