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Introduction:  Nepenthes Mensae is located in the 

Martian eastern hemisphere, on the cratered lowland 
bench at the highlands-lowlands boundary (HLB) 
between Terra Cimmeria and Elysium Planitia (Fig. 
1). Throughout its geological past this region 
experienced geological, hydrological [1][2][3] and 
volcanic [1] activities of which a complex record, 
overprinted by the more recent erosional processes, 
remains. We conducted a detailed geomorphological 
analysis of Nepenthes Mensae, using data from 
different missions. Here we examine some hilly 
features near the HLB, that we interpret to be small 
subglacial volcanic edifices, akin to moberg ridges. 
We reconstruct the geological history of the study 
area, and draw conclusions on the geological and 
paleoclimatic significance of the presence of 
subglacial volcanism in this sub-equatorial Martian 
region. 

 
Data sets and Methods: We carried out a 

preliminary examination of the area using the 
functionality of JMars [http://jmars.asu.edu/] for 
THEMIS visible (~18m/pixel), HRSC (12 m/pixel), 
CTX (6m/pixel), MOC-NA (~2 m/pixel) and HiRISE 
(25 cm/pixel) data sets. After selecting specific 
locations we processed Mars Global Surveyor (MGS) 
Mars Orbiter Camera (MOC) narrow angle (NA) 
imagery using the USGS-distributed ISIS software, 
and we carried out a detailed GIS analysis of MOC-
NA images and of pre-processed HRSC imagery and 
elevation data from the (ESA) Planetary data archive 
[http://www.rssd.esa.int/index.php?project=PSA], 
using ArcGIS 9.3. We observed and described the 
morphological characteristics of each feature, 
measured their horizontal extents and elevations, and 
calculated relevant morphometic parameters. We then 
interpreted the data for their geological significance.   

 
Observations: Near the HLB we counted about 50 

hills, distributed along the base of the dichotomy scarp 
and inside local depressions and basins. The hills are 
260 to 8700 meters in diameter and 11 to 1423 m 
high. They are elongated, with ellipticity values of 
1.186 ± 0.238. The hills (Fig. 2) are strike mainly 
NW-SE and SW-NE, consistently with the regional 
fabric. Some of the features are located at the 

intersection between NW-SE and SW-NE fractures.  
Based on their specific morphology we subdivided the 
features in three classes (Fig. 2): (1) elongated and 
roof-like reliefs, with steep lower slopes; (2) lower 
ellipticity reliefs, with steep slopes at the base and 
roof-like morphology on top; (3) smaller size reliefs, 
with cone- and dome-like morphologies. Classes (1) 
and (2) display along strike graben-like structures on 
the top, usually continuing in the surrounding 
terrains. Class (3) features can be found both as 
isolated features, and grouped together. These are also 
sometime observed on top of class (1) and (2) features, 
occasionally displaying tongue-like features that 
extend out of the reliefs.  

 
Figure 1: (A) Location map of the study area in Nepenthes 
Mensae in the eastern hemisphere of Mars. (B) MOLA-
derived topographic map of Nepenthes Mensae. The red 
dots mark the location of the 50 possible subglacial 
volcanoes in the study area reported here. Maps 
constructed from MOLA MEGDR at 128 pixel/deg. 
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Figure 2: Features interpreted to be subglacial volcanoes 
in Nepenthes Mensae: high ellpticity reliefs (A), low 
ellipticity reliefs (B) (CTX B01-009914-1797), small cone- 
and dome-like hills (C) (MOC-NA S1000982). 
 

Interpretation: Class (1) and (2) hills have 
essential characteristics similar to those of subglacial 
volcanoes observed elsewhere in Utopia Planitia 
[4][5]. Features belonging to class (3) are more 
enigmatic, and for their intepretation we referred to 
terrestrial analogs.  

Icelandic moberg and moberg ridges are similar to 
our class (1) and (2) features. These form when lava is 
extruded from crustal fissures located under a thick 
ice-layer. An example of such volcanic features is 
found along the southern edge of Myvatn Lake,  where 
ridges similar to our class (1) hills are located. Not 
everywhere volcanism is fissural. In some cases 
volcanic episodes concentrate in a spot, forming a low 
ellipticity moberg with steep slopes, akin to those of 
our class (2) hills. When a new volcanic vent develops 
in the moberg near the surface of the glacier a 
subaerial volcano forms on top of the ridge. This 
produces roof-like or cone-like morphologies, such as 
those observed in the Herdubreid region in Iceland, 
similar to our class (3) features. Thus, the tongue-like 
shapes related to some of our class (3) features can be 
interpreted as younger lava flows erupted from the 
subaerial volcanoes. 
 

Discussion:  If our interpretation of the hilly 
features we described is correct, then the principal 
geological implication of our study is that volcanic 
activity in this region was probably more common 
than previously thought, and was associated to the 
tectonic activity that produced fissures and grabens 
still clearly evident in the regional fabric. The peculiar 
style of the volcanic processes we propose in our 
interpretation, and of the volcanic features associated 

to the tectonic activity in the study area, define 
geological episodes clearly different from those that 
produced the big constructs of the Elysium Mons 
complex. Whether this inferred difference has 
implications for reconstructions of the geodynamic 
evolution of this region is obviously a complex issue 
that cannot be addressed using the limited data set we 
have analysed for this study. However, Nepenthes 
Mensae emerges from this work as an area of 
substantial volcano-tectonic significance, the 
continued study of which will contribute to our 
understanding of global geological processes on Mars.  

The inferred presence of moberg and moberg 
ridges in the study area implies that thick ice covers 
were widespread along the dichotomy scarp. Evidence 
of subglacial volcanoes has already been proposed to 
argue for the presence of frozen standing bodies of 
water (such as oceans or lakes) in Utopia Planitia and 
Elysium Planitia [4][5]. Our study supports those 
earlier interpretation. Our next objective is to map 
morphological and lithological units in the study area 
and to draw a stratigraphy of the rocks to constrain the 
age of the subglacial volcanism. This will contribute 
to our understanding of the time and duration of the 
hydrological cycle on Mars.  
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