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Introduction. Deuteronilus Mensae is a ~1000 km 

wide area along the highland/lowland dichotomy 
boundary in the northern mid-latitudes of Mars. In this 
region, features diagnostic of Martian ‘fretted’ terrain 
are observed, including lobate debris aprons, lineated 
valley fill, and concentric crater fill [1-5]. South of 
Deuteronilus Mensae are the rugged cratered highlands 
of Arabia Terra and north of Deuteronilus Mensae the 
terrain transitions from polygonal mesas to the north-
ern lowlands. 

To assess the geologic evolution of Martian high-
land terrains and the modification of these terrains by 
volatile-driven degradation, we are currently mapping 
three Mars Transverse Mercator (MTM) quadrangles 
(MTM 35337, 40337 and 45337) in the Deuteronilus 
Mensae region (20-25ºE, 32.5-47.5ºN) that extend 
across the dichotomy boundary. Of particular interest 
are the geomorphic characteristics of debris aprons and 
their sources [6-10], the identification of plains that 
may have been formed by coalescence of apron fea-
tures, and the stratigraphic relationships between fea-
tures involved in highland degradation. The mapped 
geology will provide information on the styles and 
timing of processes involved in the evolution of Mar-
tian highlands and constraints on volatile inventories, 
environmental conditions, and possible climatic 
changes in the Deuteronilus Mensae region. 

Background. The geology of the Deuteronilus 
Mensae region was first mapped at 1:5M scale using 
Mariner 9 data [11], and then mapped as part of the 
Geologic Map of the Eastern Equatorial Region of 
Mars at 1:15M scale using Viking Orbiter data [12]. 
Subsequent geologic mapping at 1:1M scale using 
Viking Orbiter data was done on a smaller portion of 
the Deuteronilus Mensae region that traverses north-
south across the dichotomy boundary (MTM quads 
30332, 35332, 40332 and 45332) [13]. Recent studies 
of the Martian northern plains at 1:15M scale have 
defined four geologic units covering the Deuteronilus 
Mensae region [14]. 

From these studies, the oldest materials in the re-
gion are the Noachian highland terrains of Arabia 
Terra. The lowland plains, fretted valleys, and isolated 
volcanic units in the Deuteronilus Mensae region are 
Amazonian to mid-Hesperian in age, whereas most of 
the youngest materials, such as debris aprons and 
lightly-to-heavily grooved materials are Amazonian in 
age. Studies of areas within or adjacent to Arabia Terra 
have focused on highland denudation by fluvial proc-
esses, sedimentary deposition and erosion of highland 

materials, and the existence of putative shorelines 
along the dichotomy boundary [15-20]. Our mapping 
study will help test these hypotheses for the Deu-
teronilus Mensae region. 

Mapping Data. The geology is currently being 
mapped using Adobe Illustrator CS on a full-resolution 
50 m/pixel Viking base mosaic in Transverse Mercator 
projection produced by the U.S. Geological Survey 
(USGS). Other USGS data products also being used in 
the analysis of geologic units include a 50 m/pixel 
THEMIS daytime IR mosaic, 50 m/pixel THEMIS VIS 
mosaic, 256 pixel/degree MOLA gray hillshade and 
color-coded elevation hillshade, and a MOLA-derived 
100 meter elevation contour shapefile. All of these 
datasets have been imported into ArcGIS Geographic 
Information Systems (GIS) software for analysis. 

Summary of Geologic Units. Analyses to-date 
have resulted in identification of the following units: 

Highland materials. Located south of the dichot-
omy boundary in Arabia Terra; surface exhibits valley 
networks and small sinuous channels that extend to-
ward the dichotomy boundary, large elongated col-
lapse pits that sometimes contain down-dropped 
blocks of the original surface, primary impact craters a 
few tens of kilometers in diameter including Cerulli 
crater and its associated secondary craters and crater 
chains; a few localized areas have dark-toned surfaces 
in Viking Orbiter images. 

Deuteronilus Colles materials. Located north of the 
dichotomy boundary at the center of a large circular 
area surrounded by mesas; hummocky mass of small 
knobs interspersed with smooth deposits; the smooth 
deposits may be similar to debris apron materials as a 
single lobe has flowed out beyond the edge of Deu-
teronilus Colles; surface brightness is generally uni-
form with few impact craters at mapping scale in Vi-
king data. 

Knob and Mesa materials. Located primarily along 
and north of the dichotomy boundary; individually 
rounded and ridge-spined knobs, and flat-topped me-
sas that are probably degraded remnants of Highland 
materials. 

Lowland Plains materials. Located at elevations 
below the highlands and form most of the surfaces not 
covered by debris aprons, knobs, or mesas; smooth at 
mapping scale, but may occasionally have small scat-
tered knobs and/or rimless impact craters; large por-
tions of this unit have both dark and light-toned sur-
faces in Viking data, particularly in the areas surround-
ing Deuteronilus Colles. 
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Crater materials. Materials that form the ejecta, 
rims, and walls of impact craters; craters with diame-
ters of a few tens of kilometers or more often have 
multiple lobes of fluidized ejecta; rimless craters gen-
erally lack ejecta deposits; surface brightness is gener-
ally uniform in Viking data. 

Debris Apron materials. Located within fretted val-
leys near the dichotomy boundary and surround most 
knobs and mesas to the north; individual and multiple 
lobate deposits that traverse down the slopes of source 
areas (knobs, mesas, valley walls, and boundary es-
carpments); deposits often flow around obstacles and 
in some cases, overtop small hills; series of overlap-
ping apron deposits (typically two, sometimes three) 
with different relative ages are observed near the di-
chotomy boundary (Fig. 1); apron surfaces, particu-
larly those in fretted valleys, sometimes have flow 
lineations indicating where the edges of two aprons 
abut one another; brightness of apron surfaces is gen-
erally uniform with a few visible impact craters at 
mapping scale in Viking data. 

Continued investigation of MTM quadrangles 
35337, 40337 and 45337 will include compilation and 
analysis of crater size-frequency data to help constrain 
the timing and emplacement of geologic units in the 
Deuteronilus Mensae region. 
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Figure 1. A series of aprons below an elongate mesa. 
Younger apron materials have flowed through a gap 
forming a prominent lobe on top of older apron mate-
rials. Portions of THEMIS VIS images V12057009 
and V13280009 in Mercator projection 
(NASA/JPL/ASU). 
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