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Introduction: Prior to the Mars Science Labora-

tory Curiosity rover landing in Gale crater on August 
5th, 2012, ~30 MSL team members worked together to 
create a geologic unit map of the landing ellipse [1]. 
The goal was to map the landing site in greater detail 
than previous studies [2-3].  One of the most wide-
spread units identified in this mapping effort was a 
cratered, hummocky terrain extending from just south 
of the high thermal inertia units associated with the 
Peace Vallis alluvial fan [4] to the dark dunes at the 
base of Aeolis Mons, informally called Mount Sharp 
[see 1]. As Curiosity drives from its current location at 
“Glenelg” to the lower slopes of Mount Sharp, it will 
traverse long stretches of these poorly-understood 
hummocky materials. This abstract describes a con-
tinuing effort to: (1) map the hummocky terrain at 
higher resolution; (2) refine geologic unit boundaries; 
(3) better understand the stratigraphy along the traverse 
path; and (4) identify potential traverse waypoints 
where stratigraphic models can be tested.  

Methods:  Our mapping area is a 4.5 km-wide re-
gion surrounding Curiosity's landing site, “Bradbury 
Landing” (area shown in Fig. 2 of [1]). We have iden-
tified and mapped units based on ~0.25 m/pix HiRISE 
images [2] and a ~1 m/pix digital terrain model (DTM) 
derived from a HiRISE stereo pair created by the MSL 
Project with Socet Set photogrammetry software [5]. 

Units: Six units were distinguished along the trav-
erse path based on detailed mapping (Fig. 1): 

Aeolian Bedforms (AB).  This unit consists of fea-
tures (e.g. megaripples, dunes) formed by the move-
ment of sediment by the wind (Fig. 2A). This unit is 
typically the youngest material mapped and it is con-
centrated in craters or other depressions, but in some 
cases it is present as isolated dunes.  

Smooth Hummocky Unit (SH). The smooth hum-
mocky unit is characterized by low surface roughness 
and uniform tone (Fig. 2B). This unit exhibits a gently 
rolling, “hummocky” texture on the scale of 100s of 
meters. Locally, this unit may show increased rough-
ness and/or boulder cover. Stratigraphic relationships 
between this unit and others mapped in the area are 
often ambiguous. The uniform tone of these terrains 
led to the use of this unit as a reference for describing 
other units as “light”- or “dark”-toned.  

 
 

Figure 1:  Preliminary unit map along in the vicinity of the MSL 
landing site. The blue line shows the traverse from Bradbury Land-
ing to Glenelg; The red line shows a shortest-distance traverse path 
to Mount Sharp.  
 

Cratered Surface Unit (CS). This unit consists of 
exposed surfaces with a high density of well-defined 
craters (Fig. 2C) that are close to planar.  This unit is 
stratigraphically above the FLT and SLT units, but its 
relationship to the SH unit is not well understood, and 
it is possible that it is a surface expression of the Rug-
ged Unit. 

Rugged Unit (R).  This unit describes outcrops with 
rough surface textures and variable relief (Fig. 2D). 
Exposures are commonly (but not exclusively) lighter-
toned than the SH unit. This unit is distinguished from 
the CS unit in that distinct impact craters are rare. 
However, map relationships are consistent with crater-
ing of R unit exposures to form part of the CS unit. 
Elsewhere, however, equivalent craters must have been 
extensively degraded due to subsequent erosion.   

Fractured Light-Toned Unit (FLT). This unit con-
sists of light-toned rock that is heavily fractured (Fig 
2E).  Fractures show no preferred orientation.  The unit 
lies stratigraphically above the striated light-toned unit, 
and is often overlain by boulder-rich mesas.  It out-
crops in isolated patches, predominantly in the south-
ern part of the mapped area.  This unit may consist of 
multiple layers that are visible around the edges of the 
outcrop.  

Striated Light-Toned Unit (SLT). This unit consists 
of light-toned outcrops with striations that trend to the 
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northeast and southwest (Fig. 2F).  This unit crops out 
predominantly in the southern part of the mapped area, 
north of the dune field.  This unit is commonly ex-
posed beneath the LTF unit, and represents potentially 
the lowest stratigraphic unit in this region, though its 
stratigraphic relationship with the SH Unit is unclear.   

 
Figure 3:  Schematic cross-sections showing two proposed strati-
graphic models for the map units. Unit thickness is not to scale. (A) 
Model 1: The Smooth Hummocky (SH) Unit is interpreted as a 
draping surface deposit and the Cratered Surface (CS) Unit is inter-
preted as a superficial expression of the Rugged Unit. (B) Model 2: 
The Cratered Surface (CS), Smooth Hummocky (SH) and Rugged 
Units are in a more complex interbedded relationship. 

Stratigraphic Relationships:  Two schematic models 
are proposed to explain the observed relationships of 
units mapped in this study. In Model 1 (Fig. 3A), the 
SH unit is a surficial unit deposited on the R, FLT and 
SLT units. The distinction between the R and CS units 
in this model is geomorphic rather than stratigraphic, 
and these units represent the same approximate strati-
graphic sequence. In the Model 2 (Fig. 3B), the SH, 
Rugged and CS units are all interbedded in a way that 
is not yet well understood. The FLT and SLT units are 
older than the Rugged and CS units in both models. 
Although we have presented models that show con-
tiguous depositional layers, map relationships are also 
consistent with much more complicated stratal geo-
metries that would be produced by processes such as 
mass movements from Mt. Sharp or the crater rim. 

Discussion: Fluvial gravels were observed on the 
hummocky terrain during the initial portion of the 
MSL mission [6]. These and other observations will be 
used to constrain the origins of the map units. The rela-
tive and absolute ages of the exposed materials in rela-
tion to the formation of Gale crater and the deposition 
of the layered materials in Mount Sharp are still being 
investigated. The stratigraphic models proposed in Fig. 
3 can be tested at multiple locations along MSL’s trav-
erse from its current location to Mount Sharp as the 
rover crosses exposed contacts. 
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(2012) Icarus, 214. [4] McEwen A. et al. (2007) JGR, 
112. [5] Kirk et al. (2008) JGR. 113. [6] Grotzinger et 
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Figure 2. Example HiRISE images of each map unit: (A) Aeolian Bedforms; (B) Smooth Hummocky (SH) Unit ; (C) Cratered Surface (CS) 
Unit; (D) Rugged Unit (E) Fractured Light-Toned (FLT) Unit; (F) Striated Light-Toned (SLT) Unit. 
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