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Introduction: The Murray formation at the base of 

Mt. Sharp in Gale crater was formed in a lacustrine en-

vironment more than three billion years ago, when liq-

uid water flowed on the surface of Mars [1]. The dura-

tion of the lake is not fully constrained, and determining 

the origin of layers higher in Mt. Sharp is a key goal of 

the Mars Science Laboratory (MSL) mission. Within 

these higher layers, dark and potentially laterally con-

tinuous “marker beds” [2] appear to be composed of un-

altered materials, while the surrounding layers both 

stratigraphically above and below these marker beds are 

altered sediments. This difference in alteration patterns 

indicates that the marker beds were deposited by differ-

ent processes [3]. Similar marker beds in sedimentary 

sequences on Earth are often ash deposits that can help 

to date the timing of deposition in the region [i.e., 4]. If 

this type of marker bed is present in Mt. Sharp, it could 

place better relative time constraints on geologic events 

both within Gale crater and at a regional scale, if these 

beds formed during large-scale volcanic events. The 

marker beds could also be useful for evaluating the lat-

eral continuity of the Mt. Sharp stratigraphy.  

In this study, we seek to determine the mineralogy, 

transport pathway, and source of mafic sediments in Mt. 

Sharp. Here we present initial results from the north-

western region, including the dune fields along MSL’s 

traverse, the marker beds, and comparison to other sed-

iment sources stratigraphically higher in Mt. Sharp. Un-

derstanding the primary mineralogy of the marker beds 

and other sediment sources in Mt. Sharp will provide 

context for results from MSL. MSL determined the min-

eralogy of active dunes in the northwest region of Mt. 

Sharp [5,6], but whether or not some of this sand was 

locally sourced from within Mt. Sharp is unclear [7]. 

Here we compare the spectral properties and inferred 

mineralogy of surface sediments to the dunes to deter-

mine whether or not the marker beds or other mafic 

units in the mound could be a sediment source.  

Methods:  Visible/near-infrared (VNIR) hyperspec-

tral images from the Compact Reconnaissance Imaging 

Spectrometer for Mars (CRISM) on MRO were used to 

create mineral maps of Mt. Sharp, starting in the well-

understood northwestern region, and extending these 

maps to the rest of the mound. The CRISM analysis 

Toolkit (CAT) for ENVI was used to create a map fo-

cused on mafic minerals, specifically low-calcium py-

roxene (LCPINDEX3), high-calcium pyroxene 

(HCPINDEX3), and ferrous minerals (OLINDEX3). 

The mafic mineral map is an RGB band parameter map, 

where LCPINDEX3 is red, HCPINDEX3 is green, and 

OLINDEX3 is blue. High-Resolution Imaging Science 

Experiment (HiRISE) images and terrain models of the 

region were used to visually relate stratigraphy and ge-

omorphologic features to the mineral maps.  

Results:  The marker beds have a lower albedo than 

the surrounding layers with a smoother appearance, and 

form distinct benches in outcrop (Fig. 1a). We identify 

at least three distinct marker beds in northwest Mt. 

Sharp (Fig. 1a/d), and they are continuous to the farthest 

west portion of Mt. Sharp (Fig.  1d). Further analysis of 

the elevations and dips of the beds can help confirm the 

continuity of the marker beds within the western portion 

of Mt. Sharp and then across the mound. The marker 

beds are primarily highlighted by the CRISM parameter 

HCPINDEX3 (Fig. 2). CRISM spectra of the marker 

beds show a deep, relatively narrow, and slightly asym-

metric absorption band centered at 1.02 μm, consistent 

with  high-Ca pyroxene (HCP) with some olivine or 

glass (Fig. 3). A shallow, broad, and slightly asymmet-

ric absorption band is present at 2.10 μm, also consistent 

with HCP (Fig. 3). All three marker beds exhibit nearly 

identical spectra, suggesting similar mineralgoies.  

 
Figure 1: (a)HiRISE image of marker beds. (b)Fig. 1a overlain with 

mafic CRISM map (c) Landforms on marker beds (d) Continuation of 
marker beds seen in W. Mt. Sharp. 

     The dunes in the northwest portion of the study re-

gion, which were sampled in situ by MSL, have similar 

spectral properties as the marker beds. The dunes also 

exhibit a deep, narrow and slightly asymmetric 
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Figure 2: HiRISE images of study site overlain with CRISM mafic 

parameter map. Colored boxes indicate where each spectrum was 
taken and correspond with the colors in the spectra plot in Fig. 3.   

  
Figure 3: (left) CRISM spectra: (bottom to top) marker beds, dunes, 

UR1, UR2, and UR3.(Right) Lab spectra: (bottom to top) olivine, au-
gite, enstatite, and pigeonite. Dashed line at 1.02 microns indicates 

the band center for the marker beds. Residual atmospheric absorp-

tions near 2 μm have been removed from lower spectra. 

absorption band at 1.02 μm and a shallow, broad, and 

slightly asymmetric absorption band at 2.08 μm (Fig. 3). 

Between the dunes and the marker beds, strong 

OLINDEX3 signatures correspond to parts of the Inter-

mediate Fractured Unit, at similar elevations to the ped-

iment (Fig. 2). At higher stratigraphic levels than the 

marker beds (the upper region), the spectral shape is dis-

tinct from the marker bed spectrum (Fig. 3). A spectrum 

from sediments mantling surfaces on the upper mound 

(UR2; cyan) exhibits an asymmetrical band centered 

near 0.96 μm band and a broad, shallow, and symmet-

rical 2.12 μm band, consistent with HCP mixed with ei-

ther low-Ca pyroxene (LCP) or hematite. Similar surfi-

cial sediments on the western portion of the upper re-

gion (UR1; blue) exhibit two broad, shallow, and sym-

metrical absorption bands at 1.07 μm and 2.02 μm, con-

sistent with HCP mixed with olivine or glass, but the 

similar band depth across the two bands may be more 

consistent with HCP and glass. One location of possible 

bedrock outcrop on the upper region (UR3; dark green) 

exhibits weak broad bands near  0.96 and 1.95 μm po-

tentially consistent with HCP or an LCP/HCP mixture. 

Discussion:  Mafic sediments on the upper region 

exhibit diverse spectral properties suggesting that a va-

riety of mineral sources are present and actively shed-

ding sand. Our ongoing work aims to determine the full 

variation in mafic mineralogy across this region the rest 

of mound. However, our preliminary results show 

strong similarities between the spectra of the dunes and 

marker beds, suggesting that some of the dune sediment 

sampled by MSL could be sourced from the marker 

beds. MSL data and previous studies indicate the pres-

ence of basaltic material in the dunes, primarily com-

posed of olivine, HCP,  plagioclase, and amorphous ma-

terial [5,7], which is consistent with our results. 

Because the marker bed spectra are not accompanied 

by clear alteration signatures, they likely indicate sedi-

ments from non-lacustrine processes, like volcanic, im-

pact, or aeolian deposits. This also suggests that the 

marker beds have not been exposed to strong late diage-

netic processes, which may have had a major effect on 

the mineralogy of lower Mt. Sharp. The multiple repeat-

ing layers with nearly identical spectra make three dif-

ferent impact events an unlikely source. But, differenti-

ating whether the marker beds formed through volcanic 

activity or aeolian deposits requires a visual analysis on 

smaller scales to look for aeolian bedforms (i.e., cross-

bedding). Thus, in situ investigation of the marker beds 

by MSL may help to constrain the diagenetic history of 

Mt. Sharp.  
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