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Introduction: The southern edge of Utopia Planitia 

and Isidis Planitia are two major sites of thumbprint 
terrain (TPT) on Mars [e.g., 1] and the Hesperian-age 
Vastitas Borealis Formation (VBF) covers the largest 
portions of both regions [e.g., 2-4]. TPT is characterized 
by curved ridges and chains of mounds with summit pits 
and there is a variety of proposed models ranging from 
glacial to volcanic to explain formation of this terrain 
[5,6]. In contrast to Isidis where isolated mounds prevail 
[7], TPT in southern Utopia consists of more prominent 
ridges. This may indicate either different processes of 
formation of TPT in Isidis and Utopia Planitiae, or 
different state of preservation/degradation of structures 
of TPT in these regions, or both. In our study we 
analyzed topographic and morphologic characteristics 
and age relationships of various types of ridges 
(including those of TPT) that are abundant near the 
southern edge of Utopia Planitia (20-25oN, 100-120oE). 
Our goal was to assess possible environments in which 
the ridges formed and put constraints on the range of 
models of TPT formation. 

 
Characteristic features of southern Utopia: Contact 

between VBF (to N) and smooth plains (to S) is the main 
feature of the southern edge of Utopia Planitia. The 
contact consists of a series of lobes that are convex 
toward smooth plains. Numerous ridges, obviously of 
different origin, occur in the zone transitional from 
smooth plains to VBF. In our study area we have defined 
the following types of ridges: 

(1) Ridges that have almost no morphologic signature 
but are topographically prominent. They form elongated 
rises that are a few tens of kilometers wide, several tens 
of kilometers long and ~80-120 m high. The ridges are 
oriented in NNE direction toward the center of the 
Utopia basin. In a few places (exclusively within smooth 
plains) where the ridges are exposed they appear as 
wrinkle ridges several kilometers wide. Within Utopia 
Planitia, the ridges are completely overlaid by VBF and 

resemble those that are observed elsewhere in northern 
lowlands [e.g., 8]. 

(2) Sinuous (winding) ridges are relatively narrow 
(300-500 m) structures that are ~8-10 km long. They 
preferentially occur within smooth plains and extend 

along the regional topographic slope toward VBF. The 
ridges usually run over the local topographic obstacles 
(knobs and mesas). In one locality (Fig. 1), a ridge 
climbs up a rim (Fig. 1, dashed line) of a degraded crater 
and extends along its crest. 

(3) The most abundant ridges in our study area are 
those that define TPT. The ridges represent straight and 
curved chains of elongated segments and rounded 
mounds with the summit topographic depressions (Fig. 
2). In several places there is evidence for progressive 
separation of the ridges into fragments (Fig. 2, arrows). 
These segmented ridges are a few hundred meters wide 
and usually ~2-5 km long. They occur exclusively 
within VBF in a 20-40 km wide zone near the contact 
with smooth plains and are more abundant eastward of 
~108oE. In areas where the ridges are common, they 
often form dense sets of curved structures that are 
parallel to the margins of the VBF lobes. 

(4) Narrow (a few hundred meters), single, arcuate 
ridges occur in association with the fronts of the VBF 
lobes (Fig. 3). The lobes usually consist of the higher 
part that is merging with the rest of VBF and is outlined 
by low-lying edges (the second part). The arcuate ridges 
are within the edges at the base of a prominent scarp 
between the higher and the lower parts of the lobes. The 
ridges occur exclusively within VBF and are convex 
southward conformally with the lobes. 

Possible nature of ridges: The morphologic and 
topographic characteristics of the different types of 
ridges in our study area allow interpretation of their 
origin. Wrinkle ridges (WR) commonly characterize vast 
volcanic plains on Mars [e.g., 9]. Evidence for the 
overlapping of the ridges by materials of VBF suggests 
that volcanic plains covered interiors of Utopia Planitia 
prior to emplacement of VBF. The size-frequency 

1127.pdf44th Lunar and Planetary Science Conference (2013)



distribution (SFD) of craters in the SW portion of Utopia 
Planitia indicates that the absolute model age of terrain 
underlying VBF is about 3.7 Ga [10], which coincides 
with the time of enhanced volcanism on Mars [8,11]. 

Winding ridges occur preferentially within smooth 
plains. The ridges overlie remnants of older terrains 
(mesas) and craters, which means that the ridges are 
neither exhumed/embayed structures nor WRs and, thus, 
are not related to volcanic and tectonic processes. 
Dimensions, morphology, shape, and topographic 
configuration of winding ridges are also inconsistent 
with their interpretation either as eolian (dunes) or 
coastal (berms) features. Glacial landforms, however, 
often represent ridges. The shapes and spatial 
distribution of winding ridges seem to rule out such 
features as drumlins and moraine suites but closely 
resemble the characteristics of eskers [12]. Although 
terrestrial eskers generally trend down the regional 
slopes, they are not strongly controlled by local 
topographic variations and can go up and down the 
small-scale topographic details. This is also a specific 
feature of winding ridges, which strongly supports their 
interpretation as eskers. 

Segmented and arcuate ridges occur exclusively 
within VBF. This means that the ridges are genetically 
related to VBF and may provide keys to the 
understanding of its nature. The most characteristic 
feature of segmented ridges is that they represent chains 
of either connected or isolated fragments, each with the 
summit pit. In many places there is also robust evidence  
for progressive segmentation of contiguous ridges. These 
characteristics suggest that the ridges have been heavily 
degraded by partial removal of their materials. HiRISE 
images confirm that segmented ridges consist of a 
mixture of finer- and coarser-grained components (Fig. 
4, black and white arrows, respectively). 

Another specific feature of segmented ridges is that 
they often occur as sets of densely spaced, curved, and 
nested structures. This pattern is poorly (if at all) 
consistent with ridges of volcanic, tectonic, or eolian 
origin but strongly resemble complexes of moraine 
ridges formed during advance/recession of debris-
covered terrestrial glaciers [13-15]. The moraines (as 
well as segmented ridges) consist of poorly sorted 
materials with grain sizes from dust/sand particles to 
large boulders and, typically, are ice-cored [16-18]. 

Thus, both the spatial distribution of segmented ridges 
and poorly sorted material that they consist of suggest 
that the ridges likely represent moraines of rock glaciers. 
The removal of the fine-grained components by wind 

may have caused both the segmentation of the ridges and 
formation of the summit depressions. The desert 
pavement, however, may favor choking the blowing of 
the fines and prevent deep separation of ridges into 
fragments. The possible presence of ice in the core of 
segmented ridges can greatly promote the process of 
their degradation and formation of the pitted 
segments/mounds.  

The arcuate ridges that often punctuate the lower 
edges of the VBF lobes (Fig. 3) fit nicely into the glacial 
hypothesis and may represent protalus ramparts that 
often occur at the fronts of rock glaciers on Earth [19-
22]. 

Conclusions: Ridges near the contact of VBF with 
smooth plains in southern Utopia Planitia apparently 
present two genetic groups. The first is related to 
tectonic deformation and consists of wrinkle ridges of 
different scales. Ridges of the second group bear good 
evidence of their glacial origin (eskers, moraines) and 
suggest the presence of Hesperian ice sheets in southern 
Utopia ~3.5 Ga ago [10]. The spatial distribution of 
segmented ridges and character of their materials 
strongly resemble terrestrial ice-cored moraines and, 
thus, favor the glacial origin of TPT in southern Utopia 
[23-25]. 

The likely nature and spatial associations of the 
winding, segmented, and arcuate ridges may suggest that 
the ice sheet(s) in southern Utopia may have consisted of 
two facies: (1) debris-covered glaciers marked by 
segmented and arcuate ridges and presented now by their 
residue, VBF, and (2) more "clean" glaciers southward 
of VBF edges that are marked by the esker-like, winding 
ridges. 
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