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     Introduction:  The Valles Marineris (VM) canyons 
are of enduring scientific interest on Mars in part due 
to the presence of interior mounds that contain exten-
sive layering and water-altered minerals, such as crys-
talline gray hematite and hydrated sulfates [e.g. 1-12].  
In Candor Chasma, hematite-bearing materials are 
largely associated with a low albedo unit and light-
toned rocky material that is typically layered [11-13]. 
To understand the potential role of water in the Candor 
Chasma region, our long-term objectives are to: (1) 
constrain the physical properties of the dark, hematite-
bearing units, (2) identify decadal changes in their 
location, boundary, and/or thickness, and (3) develop 
hypotheses describing the history of post-emplacement 
modification of these hematite-bearing materials.  Due 
to the similar geologic context associated with hema-
tite-bearing and layered materials throughout the 
Valles Marineris [e.g. 11], the insight gained from 
studying these materials in Candor Chasma can likely 
be applied to similar deposits throughout the canyon 
system. 
 

 
Figure 1. THEMIS-derived thermal inertia mosaic 
(100 m/pixel) of the study region within Candor 
Chasma. The red “H” indicates the location of hema-
tite-bearing materials. 
 

Background: Gray, crystalline hematite was iden-
tified by the Thermal Emission Spectrometer (TES; 
14-15]) in Meridiani Planum, Aram Chaos, and Valles 
Marineris [1, 16].  In Meridiani Planum and Aram 
Chaos, the hematite materials are primarily found in 
isolated layers [1, 17-18].  However, the hematite ob-
served in VM is patchier in distribution, is not asso-
ciated with a single layer or unit, and is found 
throughout the trough system [e.g. 13, 11, 19].  In 

Candor Chasma, hematite-rich material is often asso-
ciated with low albedo material, which appears mobile 
in some cases [e.g. 13, 11, 19].  Although the locations 
of hematite-bearing units have been identified, the 
origin and post-emplacement modification history of 
these deposits is unclear. Here, we focus on the use of 
recent remote sensing data to map a subset of low al-
bedo materials within Candor Chasma (Figure 1).  
From this work, we can assess the physical properties 
of these materials, and better understand the degree to 
which they are mobile and their transport paths and 
source regions. 
     Method and Data: Mapping of surface features 
requires integration of available data to document spa-
tial and temporal relationships among geologic units 
and features.  Such relationships are then used to re-
construct the regional geologic history. In this work, 
we mapped and assessed the variability of the low al-
bedo materials within Candor. To identify decadal 
changes in the location, shape, or appearance of these 
materials, we used Thermal Emission Imaging Spec-
trometer (THEMIS) daytime and nighttime infrared 
images (100 m/pixel) [20], THEMIS-derived thermal 
inertia (100 m/pixel) [21], THEMIS VIS (18-36 
m/pixel) [20], Context Imager (CTX; 6 m/pixel) [22], 
Mars Orbiting Camera (MOC) narrow-angle (mostly 
>3 m/pixel) [23-24], and High-Resolution Imaging 
Science Experiment (HiRISE; 25 cm/pixel) [25] visi-
ble images. The broad range of spatial resolutions and 
extensive coverage provided by THEMIS IR, 
THEMIS VIS, CTX, MOC, and HiRISE data enable 
more accurate identification of smaller and more subtle 
features either directly (in high resolution) or by infe-
rence (recognized in lower resolution by comparison 
with examples imaged at higher resolution) than what 
was previously possible. 
     Spatial coregistration of each of these data sets is 
critical to accurately correlate the physical, chemical, 
and morphologic properties of small features.  For 
lower resolution data, such as THEMIS, TES, and 
CTX, raster data were imported into GIS and georefe-
renced to MOLA shaded relief to correct any relative 
differences.  This approach has been used in previous 
studies [26] and enables multiple data sets to be 
viewed and used for effective geologic mapping and 
analysis.  
     To understand how variations in thermophysical 
properties correspond to features observed in higher-
resolution visible images, it is important to correlate 
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detailed surface textures and morphologic features 
observed in high-resolution images (e.g. HiRISE) with 
THEMIS-derived thermal inertia values in an accurate 
manner. Overlaying thermal inertia onto a higher-
resolution visible data set enables one to quickly and 
accurately assess the relationship between variations in 
thermal inertia and the landforms and surface textures 
observed in the image, and interpreting the geologic 
processes that may have formed these features be-
comes a more tractable problem.  We have therefore 
developed a method to overlay THEMIS images onto 
HiRISE data in a controlled manner, eliminating most 
registration problems between the data sets.   
      Results: We overlaid THEMIS-derived thermal 
inertia onto HiRISE images in a controlled manner, 
enabling us to interpret the physical properties of spa-
tially small differences in thermal inertia with confi-
dence.  For example, in HiRISE image 
PSP_010027_1745, this region contains hematite-
bearing low albedo materials that create bed forms. In 
this image, there is also an area of relatively low albe-
do that corresponds to sand sheets. This low albedo 
area has a thermal inertia that is ~50 units higher than 
the surrounding region, possibly indicating a larger 
grain size that may not be as easily mobile.  Although 
the interpretations of such differences are preliminary, 
it is significant that we can now quantify the thermo-
physical properties of small-scale features observed in 
HiRISE data with confidence.  This ability will enable 
the identification of correlations between the surface 
morphologies observed in high-resolution visible im-
ages and thermal inertia.  These relationships may be 
extrapolated to areas not yet imaged by HiRISE, 
MOC, or CTX.  
     Low albedo, presumably mobile [e.g. 12], materials 
show little variation in visible images.  However, these 
materials have significantly different properties in the 
infrared.  These differences can help us quantify the 
physical properties of all low albedo materials, includ-
ing those that are hematite-bearing as well as deposits 
that do not contain hematite.  We can also identify 
differences between these materials, which will help to 
unravel the post-emplacement history of these surfac-
es. 

In observed visible images, low albedo materials 
typically have bed forms superimposed.  Some regions 
have no bed forms, and these areas typically have a 
lower albedo and higher thermal inertia, and may indi-
cate a larger grain size, a thicker area of sediment, or a 
local depression where sediment collects.  Hematite-
bearing low albedo materials have a significantly high-
er thermal inertia (TI: 275-380 J m-2 K-2 s-1/2) than low 
albedo material without hematite (TI: 140-175 J m-2 K-

2 s-1/2).  This difference is likely due to larger grain 
sizes (such as proposed hematite spherules [11] or the 

inclusion of rocky material) rather than induration.  In 
some regions, we have identified several isolated sites 
at which movement, thickening, or removal of this 
material is suggested. A more detailed assessment of 
these sites is necessary to conclusively determine if 
change has indeed occurred, but this observation sug-
gests that these materials are currently mobile and have 
not undergone significant degrees of induration. 

Future work includes expanding the study region to 
include additional low albedo materials in Candor 
Chasma and creating a thematic map of the low albedo 
materials that isolates characteristics critical to under-
standing the surficial geologic post-emplacement evo-
lution of this region. The resulting map will provide a 
basis for determining the relative age of and environ-
mental relationships between surfaces, and will help to 
better understand the variability of hematite bearing 
and non-hematite bearing low albedo surfaces and how 
they relate to the geologic history of the Valles Mari-
neris. The mapping of these features will enable the 
subsequent interpretation of aeolian transport paths, 
relative thicknesses of material, and the extent and 
variability of these deposits.     
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