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Introduction:  The Mars Science Laboratory 

(MSL) rover Curiosity is exploring the lower reaches 
of Aeolis Mons (informally known as Mount Sharp), a 
>5 km tall crescent-shaped mound of layered sedimen-
tary deposits in Gale crater (Fig. 1A). At the time of 
writing, the mission is exploring the Vera Rubin Ridge 
(VRR). The traverse will then cross the clay-bearing 
unit (Fig. 1B). Roughly 300 m of lower Mt. Sharp 
strata have been studied with Curiosity so far. The 
rover will then reach new study areas that are key to 
constrain the evolution of paleoenvironments in Gale 
crater through time. These areas are the fan-shaped 
deposit, the Gediz Vallis deposits, and two units of the 
Mt. Sharp group: the clay & sulfate-bearing unit, and 
the sulfate-bearing unit (Fig. 1B). Orbital studies using 
HiRISE, CTX, and CRISM datasets are used to char-
acterize these units, including their morphology, tex-
ture, and mineralogical composition, as well as their 
stratigraphic relationships. The ChemCam Remote 
Micro-Imager (RMI) and the MastCam instruments 
onboard Curiosity provide images of these key areas 
from the ground at a higher resolution than HiRISE. 

 

 
Fig. 1: Regional geologic map (B) showing the loca-
tion of the rover traverse and key study areas (modi-
fied from [1]). Locations of Fig. 2 images are indicat-
ed. (A) Inset map showing Gale crater MOLA topo-
graphic map. (C) Geologic cross-section using HiRISE 
topographic profile. 

 

Here, we report the current background knowledge 
of the future key areas to be explored by Curiosity 
obtained from orbital studies and provide further con-
straints on their nature and stratigraphy using Curiosity 
remote instruments. 

Datasets:  The ChemCam instrument combines a 
Laser-Induced Breakdown Spectroscopy (LIBS) in-
strument [2, 3] and a Remote Micro-Imager (RMI) [4]. 
The ChemCam Long Distance (LD) RMI observation 
mode provides images with the finest pixel scale on 
the rover mast with 19.6 µrad/pixel. The smallest fea-
tures that can be distinguished thanks to 3 to 4 pixels 
are of the order of 0.2 mm at 3 m, 6 cm at 1 km, and 
0.8 m at 12 km [4]. Hence, ChemCam LD RMI images 
are a useful dataset to use in combination with Mast-
cam images to analyze the stratigraphy, sedimentary 
structures, and texture of exposed bedrocks. 

The fan-shaped deposit:  The fan-shaped deposit 
begins at the outlet of Gediz Vallis (ca. -3800 m in 
elevation), a NW-SE-trending channel cutting through 
units of Mt. Sharp group, and extends almost to the 
hematite-bearing VRR (ca. -4150 m in elevation). The 
fan-shaped deposit unconformably overlies the under-
lying bedrock, and is hence younger than units of the 
Mt. Sharp group (Fig. 1B). It has a slightly lower al-
bedo and higher thermal inertia than neighboring units, 
and exhibits craters and pits, well defined and cement-
ed layers, light-toned fractures, and erosion-resistant 
polygonal fractures [5, 8]. Its surface also exhibits 
curved bedforms suggestive of lithified eolian bed-
forms [5]. The fan-shaped deposit is spectrally bland 
from orbit [9]. It has been mapped from orbit as part of 
the mound-skirting unit [5], channel and inverted 
channel material [6], the crater floor unit 1 [7], the 
high thermal inertia unit 1 [8], and the Siccar Point 
group [1]. Thus, several hypotheses were proposed for 
its origin including channel material [6], clastic depos-
its of multiple origins [7], and eolian deposits [8]. In 
the latest hypothesis, the fan-shaped deposit may have 
been coevally deposited with the Stimson formation, 
comprised of eolian cross-bedded sandstones and in-
vestigated earlier in the mission [8]. 

ChemCam LD RMI images show that the fan-
shaped deposit forms a ~1 m thick resistant ledge of 
potential cross-bedded material stratigraphically above 
the clay-bearing unit in Fig. 2B. The cross-beds ap-
pears to be consistent with eolian or fluvial bedforms.  
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Fig. 2: The fan-shaped deposit from Curiosity perspective. 
Images are located in Fig. 1. Views are to the south. (A) 
Mastcam image (mcam09822, sol 1877). (B) Close-up view 
of an outcrop of the fan-shaped deposit showing potential 
planar and trough cross-beds (marked by dotted lines, 
ccam05882, sol 1882). (C) Dark-toned material unconform-
ably overlying the fan-shaped deposit (marked by white ar-
rows, ccam02886, sol 1888). 
 

Mastcam images show that the fan-shaped deposit 
is topped by a mixture of dark-toned unconsolidated 
and blocky materials (Fig. 2A). It could correspond to 
eroded fluvial deposits mantling the fan-shaped depos-
it. This hypothesis is supported by the occurrence of 
unconformable layers downlapping the fan-shaped 
deposit in Fig 2C. This dark material may therefore be 
genetically related to the Geddiz Vallis deposits for 
which we do not have any ChemCam LD RMI yet. 
Overall, this dark material is likely the cause of the 
lack of diagnostic spectral signature from orbit.  

The Mt. Sharp group: Orbital studies have shown 
that all units of the lower Mt. Sharp group are finely 
layered (<7 m [9] and likely <1 m [7]) and have low 
(<3° [7]) average dips in this part of the crater (Fig. 1). 

The clay & sulfate-bearing unit is mainly exposed 
between –4100 and -3850 m, and located stratigraph-
ically above the clay-bearing unit. The clay & sulfate- 
bearing unit corresponds to light- to dark-toned layers 
more or less recessive from orbit [9]. ChemCam LD 
RMI images show that the recessive layers, likely the 
clay-bearing layers identified from orbit are <1 m thick 
(Fig. 3A). 

 
Fig. 3: The Mt. Sharp group units. Images are located in 
Fig. 1. Views are to the south. (A) The clay & sulfate-
bearing unit (ccam04332, sol 1333, and close-up view B). 
(C) The sulfate-bearing unit (ccam04877, sol 1878). 
 

The sulfate-bearing unit lies stratigraphically above 
the clay & sulfate-bearing unit, between –4100 and      
–3400 m in elevation. The contact between both units 
is marked by a dark bed [9], not observed yet from the 
ground. ChemCam LD RMI images show that the sul-
fate-bearing unit is composed of rather thick (up to 
10 m here) layers alternating with more recessive thin 
interbeds (Fig. 3B). 

Conclusions:  The ChemCam RMI and Mastcam 
cameras are useful datatasets to constrain sedimentary 
structures and thicknesses of rocks that are not within 
the reach of Curiosity yet. Thus, the observation of 
potential crossbeds is consistent with either an eolian 
or fluvial origin for the fan-shaped deposit. The units 
of the Mt. Sharp group are inferred to be thinly (<1 m 
thick) layered. As the rover continues its traverse, 
addidtional high-resolution observations of Mt. Sharp 
will aid in understanding future study areas.  
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