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Introduction: Characterizing surface 
materials is essential for determining the 
past and present climate of Mars. Critical 
to this characterization is understanding 
the mineralogical and physical properties 
of materials, including their composition 
and distribution. In rare cases, many or-
biting instruments are able to train on 
deposits in their entiretya. We have locat-
ed several sedimentary deposits near the 
rim of Valles Marineris (VM) and neigh-
boring chasmata, which in addition to 
having distinct radar reflectance in ob-
servations by the Shallow Radar 
(SHARAD) instrument, are mappable using 
optical imagery from the High Resolution 
Imaging Science Experiment (HiRISE) and 
Context Camera (CTX), spectral data from 
the Compact Reconnaissance Imaging Spectrometer 
for Mars (CRISM), and thermal behavior with the 
Thermal Emission Spectrometer (TES). Thus, these 
VM plateau deposits may serve as an ideal location for 
studying altered sedimentary deposits on Mars. 

Background: Light-toned Layered Deposits (LLD) 
found near the rim of VM have significantly different 
properties from the km-thick internal layered deposits 
within the chasmata of VM and probably formed by 
separate means [1]. The LLD form multiple, extensive 
outcrops south and west of Ius and Melas Chasmata. 
Other smaller outcrops occur near Juventae, Ganges, 
Candor, and Tithonium Chasmata [1-4] (F1g. 1). 

LLD display variations in brightness, color, com-
position, and morphology (Figs. 2 & 3) [2]. The ~1 m 
to 10 m thick strata show no crossbedding and likely 
formed in low-energy deposition systems. These de-
posits are more easily eroded than the lower bedrock 
[2,5]. Stratigraphically, LLD in western VM overlay 
extensive lava plains dated from Noachian to Late 
Hesperian [4-5] and must predate the opening of VM 
because these younger materials are not found inside 
the canyon.

In several locations, LLD appear to have two dis-
tinct mineralogical phases, the lower unit composed of 
hydrated silicas [5] and the upper containing jarosite or 
Fe-hydroxy sulfates. The presence of Fe deficient, 
H3O-bearing jarosite may indicate formation under 
low-temperature acidic conditions [5], and the strati-
graphic positioning of these phases is consistent with 

evaporation of fluids produced by the acidic dissolu-
tion of basaltic material [5,7,8]. 

The presence of drainage networks at Melas and 
Echus Chasmata and of inverted channels at Juventae 
Chasma suggest that water flowed over these areas 
during the late Hesperian [1,6,9,10]. Fluvial evidence, 
combined with superposed mineral phases led to the 
hypothesis that the units were emplaced by air-fall of 
pyroclastic material and that water flowed over them, 
altering the minerals [2]. 

Other scenarios posit either that the hydrated silica 
formed prior to the emplacement of the upper, sulfate-
rich unit or that it precipitated from water altered these 
deposits together in situ [2]. While there are many dis-
parate interpretations, the consensus is that abundant 
surface water was available on the VM plateau well 
into the Hesperian. 

Fig. 2 HiRISE COLOR images of various LTL expo-
sures at the same scales.
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Fig. 1 Map of Valles Marineris showing: SHARAD sub-surface detec-
tions (pink lines), mapped LTL exposures (red polygons), HiRISE 
images with identified LTL (red squares), and locations with CRISM 
(greens). Map area has ~100% TES and CTX coverage.
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Results: We identified three locations at the VM 
rim where all instruments in our study can characterize 
light-toned deposits. HiRISE images show variations 
in brightness, texture, erosional style, crater retention, 
and relationship to neighboring geologic units. For 
example, LLD may occur as ancient, km-scale circular 
crater remnants (Fig. 4, left) within moderately pre-
served craters, adjacent to structural troughs or canyon 
rims (Fig. 4, right), or as part of broad, flat plains re-
moved from chasm edges.

Many of the LLD display a diversity of hydrated/
hydroxylated features in CRISM, including hydrated 
silica (Fig. 3, right), Fe-hydroxy sulfate, jarosite, and 
Al- and Fe/Mg-bearing phyllosilicates (Fig. 4, right). 
CRISM mineral mapping both at the 18-m/pixel tar-
geted and 200-m/pixel mapping scale has extended the 
distribution of these hydrated phases and provided an 
improved regional interpretation and spatial correlation 
with the LLD. Spectrally-unremarkable (dehydrated) 
capping units that include thin, sedimentary units (e.g., 
airfall dust mantles, aeolian bedforms) or evidenced by 
thermal behavior as well as thicker volcanic units (e.g., 
lava flows, putative pyroclastic deposits) provide some 
constraints on stratigraphy.

Thousands of SHARAD observations were used to 
determine the deposit boundaries beyond where they 
outcrop, extending their known coverage, and new 
deposits have been discovered. Furthermore,  we mea-
sure time delay and deposit thickness, as determined 
by digital terrain models, to estimate the loss tangent 
and permittivity of the LLD for the first time. 

We compared seasonal variations in apparent ther-
mal inertia as derived from TES [11] to that modeled 
for a suite of two-component models of layered or hor-
izontally mixed materials. Most of the deposits have 
thermal behaviors consistent with a thin mantle of fines 
(sand or dust) over a substrate of rock or duricrust. 
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