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Introduction. The materials constituting the upper 
~1 km of the northern plains and adjacent regions are 
likely composed of complex mixtures of erosional de-
tritus overlying a variably cratered surface [1-3]. It 
remains problematic, however, to differentiate geo-
logic, much less stratigraphic, contacts in the northern 
plains due to the homogenized nature of the surface 
materials. Though the emplacement (or in situ forma-
tion [4]) of Vastitas Borealis (VB) units during the 
Early Amazonian [3] may delineate the most recent 
and pervasive geologic event within the northern 
plains, there is evidence that mid- to high-latitude 
mantles currently exist [5]. Such mantles may have 
persistently helped to modify lowland surfaces during 
the Amazonian. 

Here, we investigate craterforms within and mar-
ginal to the northern plains in an effort to detail the 
geometry and distribution of potential paleo-mantles. 
Through these efforts, we can better assess the exis-
tence of transitory deposits within the northern plains 
and constrain their ages, extents, and thicknesses. This 
work, in conjunction with geologic mapping efforts 
and geomorphologic studies of polar layered deposits 
[6], may help unravel the geologic events that defined 
Mars’ Amazonian history. 

Lowland craterforms. Several researchers previ-
ously characterized crater-like landforms in the north-
ern plains, including pedestal craters [4], craters sur-
rounded by broad, sloping flanks [7], individual and 
chains of pitted cones [3-4], and numerous craters of 
impact origin [8]. While many of these craterforms 
contain distinct characteristics primarily attributable to 
an impact origin (e.g., raised rims, deep craters, and 
marginal ramparts), many others appear morphologi-
cally similar to volcanic shields, soft-sediment extru-
sive cones or domes, or armored and exhumed impact 
craters. Regardless, craterforms are regionally coinci-
dent with (1) the geologically homogenized and undif-
ferentiated VB units [3], (2) small-scale and recent 
mid-latitude mantle deposits [5], and (3) a general 
kilometer-scale smoothing of the Martian surface [9], 
pointing to hemisphere-scale formational processes. 

Catalogue method. To update and quantify earlier 
work [3], we used the 1/256° MOLA topographic 
model along with derived hillshades and high-pass 
filters to identify craterforms in the northern hemi-
sphere. We applied specific criteria for identification, 
as follows: features (1) must be identifiable in MOLA 
hillshade, (2) must be <200 km in diameter (to exclude 
large volcanic constructs), (3) must contain a central 
crater, pit, or cavity, (4) must have apparent positive-

relief and be surrounded by a mesa-like or sloping 
edifice, and (5) must not display double-layered ejecta 
morphology. By manually positioning eight points 
orthogonal to each craterform (four on the edifice itself 
and four on the surrounding plain), we were able to 
extract mean elevations from the MOLA dataset for 
each feature as well as heights above the plain on 
which it is located. Diameters and center points were 
gathered by manually digitizing three points along the 
craterform margin. The resultant circles were reduced 
into geodesic diameters and craterform centroids, 
which, if required, were manually adjusted to the cen-
ter of the central cavity. Our measurements do not cur-
rently account for the original thickness of overlying 
ejecta blankets. 

Catalogue results. We identified 1828 craterforms 
in the Martian northern plains (Fig. 1). The features 
are distributed from 34.5 to 82.3°N latitude (57.7°N 
mean; 58.4°N mode; σ=9.3) and between -213 to -
5213 m elevation (-4031 m mean; -4040 m mode; 
σ=835). Calculated craterform heights range from -
30.7 to 161.5 m (39.5 m mean; 28.2 m mode; σ=21.8) 
while calculated craterform widths range from 4.34 to 
77.47 km (16.8 km mean; 13.9 km mode; σ=7.9).  

Scatter plots of craterform populations show (sur-
prisingly) no statistical correlation between height and 
width. There is, however, an apparent relationship 
between regional occurrences of large- and small-scale 
craterforms. For example, features in Chryse and Aci-
dalia Planitiae, marginal to Phlegra Montes, and along 
the Utopia-Borealis basin topographic divide have 
heights that are generally ~15 to 40% larger than total 
averages. Likewise, craterforms located in the low-
elevation region surrounding the polar plateau (<-4900 
elevation) have heights that are ~40% smaller than 
total averages. It is important to note that in these re-
gions there is a subdued bimodal distribution of crater 
heights, suggesting that the anomalous large- and 
small-scale craters superpose a lowland-occurring 
background population that roughly overlaps the statis-
tical mean and mode. In short, regional variations in 
craterform heights are in addition to a uniformly dis-
tributed ~35-m-high craterform population. The statis-
tical majority of craterforms in the northern plains are 
between 20 and 60 m high. 

Implications. The geometries of measured crater-
forms in the northern hemisphere indicate they formed 
in conjunction with the emplacement and subsequent 
degradation of a ~35m-thick paleo-mantle. Distribu-
tions point to a surface deposit that extended over 
much of the northern plains >40°N as well as on the 
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northern flank of Alba Patera >-1000 m elevation. Su-
perposition relationships indicate the paleo-mantle was 
deposited after emplacement of VB units during the 
Early Amazonian, though a clear constraint on the age 
of the paleo-mantle is, as of yet, unavailable. While 
our data currently implicate the emplacement and ex-
humation of one lowland mantle, it is possible that, 
with further data reduction and morphologic analyses, 
we may differentiate several episodes of lowland man-
tling. For example, variations in craterform heights 
may reflect overlapping effects from regionally-
restricted geologic events (e.g., Chryse outflow 
events), some of which may predate the VB units. 

 
Figure 1.  Histograms of craterform heights and latitudes. 

 
Degraded impact craters. Based on our geometric 

analyses, the age of the lowland deposits and inferred 
paleo-mantles, and the geologic context of the northern 
plains, we interpret the majority of the craterforms as 
heavily-modified and degraded primary and (or) sec-
ondary impact craters. Pervasive, severe modification 
of craters within the northern hemisphere was a likely 
result of repetitious lowland mantling. Though a ~35 
m deposit is incapable of burying craters >300 m in 
diameter [10], repeated episodes during the Amazo-
nian may sufficiently account for the burial of craters 
several kilometers in diameter. While in situ modifica-
tion reasonably accounts for the deterioration of some 
Martian craterforms, the process of mantling and ex-
humation also adequately accounts for pedestal mor-
phologies and elevated crater interiors while preserv-
ing crater rims and some ejecta textures. Elevated cra-
ter interiors and sloping flanks may reflect the prefer-
ential exhumation of craters buried beneath the paleo-

mantle while pedestal craters may reflect the armoring 
of impacts superposed on the paleo-mantle. 

Source of mantle material. It is possible that repeti-
tious mobilization of materials may have resulted, at 
least in part, from the disaggregation of ice-bound 
lithic particles within the north polar plateau during 
periods of high obliquity [6,11]. However, an implied 
volume >500,000 km3 for the paleo-mantle is too large 
to account for the entire polar plateau [6]. As such, 
currently stable, high-elevation, dust-rich regions (e.g., 
Olympus and Elysium Montes) are reasonable sources 
and sinks for transitory lowland paleo-mantles. The 
relatively consistent thickness of this deposit indicates 
origination from atmospheric fall-out rather than sur-
face saltation, though minor accumulation and inter-
fingering of aeolian deposits is probable. 

Lack of circum-polar volcanism. Other researchers 
have attributed some lowland craterforms to youthful 
circum-polar volcanism [7]. However, the cratered 
features are not spatially correlated with large volcanic 
constructs or tectonic structures within or marginal to 
the northern plains. As such, a direct volcanic interpre-
tation improbable. For example, the craterforms are 
not associated with linear graben, as may be expected 
of eruption along tectonic fabrics. Also, the crater-
forms have correlative heights and spatial distributions 
throughout the northern plains. Finally, estimated 
crustal thicknesses beneath the lowland during the 
Amazonian seem prohibitively large to allow very lo-
calized, small-scale volcanic eruption [12]. Sediment-
tary diapiric and mud volcanic processes from rela-
tively shallow depths, however, may provide a mecha-
nism for the formation of some circum-polar volcano-
like features [3]. 

Conclusions. This work is preliminary and will 
benefit from morphologic classification of the crater-
form catalogue, detailed stratigraphic analysis, and 
robust comparison to regional layered terrains. Our 
observations currently suggest the craterforms in and 
around the northern plains do not reflect volcanism but 
rather the complex modification of impact craters and 
other crater-like features due to pervasive burial and 
subsequent exhumation due to cyclic mantling during 
the Amazonian. 
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