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Introduction:  The Valles Marineris canyon system 

contains some of the thickest, most laterally continuous, 
and diverse exposures of sedimentary rocks on Mars [1-
7]. Understanding the dominant processes that led not 
only to the accumulation of these rocks but also the tec-
tonic environment that provided the accommodation 
space for their deposition is critical to understanding 
currently unresolved geologic problems on Mars, in-
cluding pre-, syn-, and post-tectonic processes of sedi-
mentation as well as the geologic effects of long-term 
climate oscillations.  Though the Valles Marineris sys-
tem has been studied with a variety of datasets over the 
past several decades, the diversity in type and spatial 
resolution of modern datasets afford a renewed look into 
these deposits and how they fit together in space and 
time.  

Sub-basins within the broader Valles Marineris sys-
tem provide unique insight into the diverse tectonic, 
depositional and erosional processes that have occurred 
throughout the canyon, e.g. [5-9]. The informally named 
Melas basin, located in southern Melas Chasma in cen-
tral Valles Marineris, is one such location.  Melas basin 
is a ~34 km long enclosed basin that contains geologic 
units, dispersed landforms, and hydrated minerals that 
are indicative of punctuated episodes of aqueous activ-
ity spanning from the Hesperian to Early Amazonian 
[10-12]. However, despite being the focus of multiple 
historical and modern geologic investigations, this re-
gion has not yet been placed into a broader geologic, 
structural, and stratigraphic context. 

The overall objective of this work is to characterize 
basin-forming processes and material provenance 
within the Melas basin, and to place the Melas basin into 
a broader geologic, structural, and stratigraphic context. 
This study will test the hypothesis that geologic pro-
cesses were spatially and temporally variable across the 
basin, which implies that sub-basin architecture in the 
Valles system is more complex than previously recog-
nized.  

Geologic Setting and Background:  Melas basin is 
a topographic basin that contains geologic units, land-
forms, and hydrated minerals that document an exten-
sive history of tectonic, mass-wasting, and aqueous pro-
cesses. Rocks that outcrop within Melas basin are pre-
dominantly stratified and are interpreted to have been 
emplaced during or after the Early Hesperian [4, 13, 14]. 
Dense valley networks are identified in the higher-
standing margins of Melas basin and are interpreted to 
have been fed by precipitation [10, 15]. The valleys 
drain into a closed basin, which follows an elevation 

contour at -1800 m [10], as well as -2085 m and -2250 
m [12] suggesting that there may have been up to three 
episodes in which a standing body of water occupied 
Melas basin during the Late Hesperian. The center of 
the basin exposes light-toned, laterally extensive layers, 
some of which show clinoform geometries that have 
been interpreted as either a channel-levee complex or a 
delta complex [16]. On the western side of the basin, flat 
multi-lobe fans have been interpreted as a deep suba-
queous depositional fan system on the basis of channel 
properties and comparison with terrestrial fans [17]. Ad-
ditional stratigraphic and morphometric analyses of fans 
have revealed a variety of depositional settings, includ-
ing deep subaqueous, shallow subaqueous and subaerial 
environments, indicating fluctuations in lake level over 
centuries to several millennia [12].  

Datasets and Methods:  This investigation focuses 
on the production of a 1:150,000-scale regional geo-
logic map of the Melas basin and surrounding terrain, 
along with the production of 9 detailed geologic refer-
ence sections mapped at 1:15,000-scale. The regional 
mapping scale was chosen to complement the existing 
detailed mapping of a portion of the Melas basin [18-
19] and because it affords important contextual exami-
nation of geologic relationships.  Regional mapping is 
based on a CTX mosaic that has been geo-referenced to 
the controlled THEMIS daytime IR mosaics [20].  The 
study region covers an area between lat -75.5 and -77.5 
E. and long -8.9 and -10.4 N (Fig. 1).  To produce a 
1:150,000-scale regional geologic map, we are using a 
digital mapping scale of 1:30,000 and a vertex spacing 
of 30 m. 

The 9 detailed map areas are based on HiRISE im-
ages (Fig. 2). To produce publishable maps at a scale of 
1:15,000, we are using a digital mapping scale of 
1:3,000 with vertex spacing of 3 m. These 9 locations 
were selected to capture the diversity of geologic fea-
tures across the Melas basin, and to test hypotheses 
raised in a pilot study [21].  The 9 areas cover features 
including other small sub-basins, wall rock type sec-
tions, the relationship between plateau and wall rock 
units, basin floor and fan deposits, valley networks, con-
voluted bedding, and a range of sedimentary features 
within the Melas basin.  After detailed geologic map-
ping, we will construct measured stratigraphic sections 
using HiRISE Digital Terrain Models to extract approx-
imate bedding orientations. These stratigraphic sections 
will be used to evaluate changes in sediment supply and 
accommodation space, to further refine our understand-
ing of the depositional history within the Melas basin. 
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Figure 1: Study area displayed on MOLA topography. 
Study area includes the Melas basin (center) as well as 
the surrounding wall rocks that likely contribute mate-
rial to the basin. Map area also includes part of Melas 
Chasma (top) and the plateau rocks of Sinai Planum 
(bottom), which helps tie the geologic history of Melas 
basin to the broader evolution of Valles Marineris. The 
small sub-basin identified here provides an opportunity 
to compare basin-filling deposits and the relative timing 
of basin-filling events.  
 

Summary of initial results: Preliminary mapping 
carried out here and in an initial pilot study have re-
vealed diverse geologic units exposed on the plateau, 
wall rock, and basin floor. Regional geologic units can 
be divided into four distinct groups: wall rocks, plateau 
rocks, basin floor deposits, and surficial deposits. The 
weakly stratified nature of the wall rock outcrops could 
be interpreted as either sedimentary and/or igneous in 
origin.  Wall rocks exposed on the northwest side of Me-
las basin have a more massive and heavily cratered ex-
pression that may suggest an origin as crystalline base-
ment rocks. Basin floor deposits record a complex aque-
ous history. Consistent with previous work, we interpret 
the basin floor deposits to record fluvial, deltaic and la-
custrine environments.  Surficial units are interpreted as 
the product of eolian and mass-wasting processes. The 
absence of impact craters in most surficial units sug-
gests that these are the product of relatively young and 
potentially still active processes. Further detailed map-
ping will refine these interpretations. 

Ongoing Work: The next steps include: 
• Continue 1:150,000-scale geologic mapping. 
• Continue 1:15,000-scale geologic mapping. 
• Construct stratigraphic sections and evaluate bed 

thickness distributions. 
• Compile geologic history that places localized obser-

vations into a broader, standardized context for cross-
comparison to other similar regions within the Valles 
Marineris basin system. 

 
Figure 2. Orange boxes show the local map areas, cov-
ering a diversity of geologic features across the Melas 
basin.  Each box is ~6 km wide, and correspond well 
with existing HiRISE images and DTMs.   
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