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Introduction: A dark-toned marker bed is observed within the sulfates at Gale crater [1,2]. This
marker bed is characterized by a dark-toned, smooth
surface that appears more indurated and retains more
craters relative to the sulfate-bearing layers above and
below it. The bed has a distinct physical appearance
from the sulfates in which it occurs, suggesting a
change in the environment or geochemistry for a brief
period of time within the depositional sequence that
formed the sulfates or post-deposition alteration.
In this study, we utilized HiRISE and CTX images
to identify and map the occurrence of the marker bed
throughout Aeolis Mons. We also used HRSC and
HiRISE stereo-derived Digital Terrain Models (DTMs)
to determine elevations, orientations, and dips for the
marker bed. CRISM data were analyzed to determine
the composition of the marker bed and sulfates surrounding it. The Curiosity rover is expected to traverse
the marker bed during the extended mission; thus, our
findings provide guidance for the MSL science team in
exploring the origins of this unit and offer questions to
address using the rover instruments.
Mapping: We mapped the marker bed across Aeolis Mons where it is exposed in HiRISE and CTX images (Fig. 1). The bed is nearly continuous across the
NW, SW and SE sides of the mound. Thick accumulations of aeolian and talus debris, mass wasting and
slumping along the strata, and an overlying lithified
mantle likely obscure sections of the marker bed across
the remainder of Aeolis Mons.
Morphology: In general, the marker bed is darker
in reflectance and smoother along its surface compared
to the blocky, fractured surfaces of the brighter sulfatebearing materials surrounding it (Fig. 2a). However,
clean surfaces of the marker bed not covered by darker
soils are similar in color and reflectance to the sulfates
(Fig. 2b). The marker bed is also more resistant to erosion relative to the sulfates, which produces its sharp
and prominent ledge in contrast to the diffuse, irregular
edges of the sulfate-bearing layers above and below it.
However, there are examples where the marker bed
appears as a thin bed within the strata, but does not
extend laterally outward relative to the sulfates (Fig.
2b). Although the marker bed appears homogenous in
lithology and thickness across Aeolis Mons, the sulfates above/below it show heterogeneities in their ap-

pearance across the mound. Most of the sulfates
above/below the marker bed are stratified, heavily
fractured, and erode into boulder-size blocks, but there
are examples where the sulfates appear massive with
limited fracturing and no boulders eroding from the
unit (Fig. 3a).

Figure 1. HRSC color topography with 100 m contours merged to CTX mosaic of Aeolis Mons. Marker
bed is shown in red with dips and orientations noted in
black. The yellow line in the upper left (NW) shows
the Curiosity rover traverse through the extended mission. Figure locations are identified by white arrows.

Figure 2. Enhanced color HiRISE images showing the
marker bed (m) and upper sulfates (us) above it and
lower sulfates (ls) below it. (a) Large boulders eroding
from the upper sulfate collect on the surface of the
marker bed (yellow arrows). (b) Clean surfaces of the
marker bed (yellow arrows) appear similar in reflectance and color to the sulfates. The marker bed occurs
as a thin dark line at the location of the black arrow.
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In larger areal exposures of the marker bed, up to four
layers are observed within it (Fig. 3b). As discussed in
[3], the color of the marker bed in HiRISE images can
vary from reddish, brownish, and blackish depending
upon the amount of overlying talus and aeolian debris.
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more indurated sulfate unit, then close up images and
elemental chemistry may show what process produced
the induration. If the bed represents a volcanic ash or
sandstone deposit, then there should be differences in
the composition and texture between the marker bed
and sulfates that the rover instruments could detect.

Figure 3. Enhanced color HiRISE images of southern
Aeolis Mons featuring the marker bed (m) and upper
sulfates (us) above it and lower sulfates (ls) below it.
(a) The sulfates above and below the marker bed appear massive and less blocky compared to other sulfates including those in (b). (b) Evidence of layering
within the marker bed (yellow arrows).
Stratigraphy: The marker bed occurs within the
polyhydrated sulfates near the boundary between the
middle and upper members of the Lower formation
[1,2]. The elevation of the bed varies across the mound
[2], with increasing elevations towards the south where
the central peak of Gale crater occurs (Fig. 1). Utilizing HiRISE DTMs, we measured strike and dip orientations of the marker bed and sulfate beds surrounding
it (Fig. 1). Orientations were radially away from the
center of Gale, with dips between 1–7° and median
values between 2–4°, similar to values we measured
for the sulfates above and below the marker bed.
CRISM spectral observations: Our previous
analysis of CRISM images covering the NW portion of
the marker bed indicated the bed has a spectral signature consistent with high calcium pyroxene, interpreted
to represent aeolian basaltic sand collecting on the surface of the bed [3]. A similar analysis of CRISM images covering the marker bed in the SW and SE confirm
these initial interpretations (Fig. 4).
Curiosity location at the marker bed: Based upon our analysis, we believe the most plausible explanations for the marker bed include: (1) a more indurated
sulfate unit relative to the less indurated sulfates
above/below it, (2) a sandstone or (3) a volcanic ash
deposit laid down while the sulfates formed. Figure 5
gives the approximate location where the Curiosity
rover will likely traverse across the marker bed in NW
Aeolis Mons during the extended mission. The rover
will have opportunities to explore the contact and
composition of the sulfates above and below the bed to
determine if it is conformable and if the composition of
the bed differs from the sulfates. If the marker bed is a

Figure 4. CRISM (FRT18C29) spectral parameters in
color (R=SINDEX2, G=BD1900R2, B=HCPINDEX)
overlain on HiRISE image in southwestern Aeolis
Mons. The marker bed (m, white arrows) appears dark
purple in color, similar to other locations where dark
aeolian sand and debris are collecting on surfaces.

Figure 5. Enhanced color HiRISE image showing the
future Curiosity rover traverse (white line) across the
marker bed (m). Spots 1 and 2 will show the contact
with the lower sulfate while spot 4 will be at the contact with the upper sulfate. Spot 3 shows possible layering within the marker bed that could be examined by
the rover.
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