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Introduction: Olivine is an abundant mineral in 
the Solar System, with its presence being observed on 
objects like Earth, the Moon [e.g. 1], Mars [e.g. 2], and 
asteroids [e.g. 3]. A notable feature of olivine is its 
susceptibility to chemical alteration under most aque-
ous conditions [4]. The presence of olivine still on the 
surface of Mars indicates an extensive period of dry 
processes [4]. The distribution and identification of 
olivine on Mars is complicated by a variety of geologic 
processes including latitude-dependent mantling [5], 
making these observations most common towards the 
equator and more scarce near the poles [6][7]. Of im-
portance for mars, olivine appears to be detected in 
early Noachian, Hesperian and Amazonian terrains, 
entailing that there has not been enough fluid move-
ment to weather the olivine so that it is no longer visi-
ble from orbit [7]. To better understand the distribution 
and location of olivine, we began to create a global 
map of olivine exposures using the highest resolution 
data to date (100m/pixel). As a part of the construction 
of this global map, we found evidence for a new and 
unique type of deposit: olivine-bearing material with a 
sinuous and branching appearance. This feature is lo-
cated at 347.582E, -24.967N, southwest of Novara 
Crater. The goal of this effort is to determine the ori-
gin, structure, processes, and timeline of this unique 
mineralogical and morphological feature.  

Methods: Using thermal infrared data from the 
2001 Mars Odyssey Thermal Emission Imaging Sys-
tem (THEMIS), we use a red-green-blue decorrelation 
stretch (DCS) on a 10-band daytime thermal infrared 
images using bands 8 (11.79 µm), 7 (11.04 µm), and 5 
(9.35 µm). In this DCS band combination, olivine ap-
pears as a bright purple/magenta color on the surface 
due to its relatively low emissivity near 11 ! , making 
it easily identifiable in these products [8]. Using the 
Java Mission-planning and Analysis for Remote Sens-
ing program (JMARS), we began creating a global 
map of olivine exposures at a 256 pixels per degree 
using a new DCS THEMIS mosaic [9]. THEMIS im-
ages were processed following the methods described 
[10], where drift and wobble were removed to correct 
for focal plane temperature variations, “plaid” was 
removed to correct for line and column-detector read-
out noise, and “salt and pepper” white noise was also 
removed to enhance our ability to identify small-scale 
compositional features [11]. Following the standard 
THEMIS image correction routines, images were mo-

saicked using the methods outlined in [10] where a 
local or “running” decorrelation stretch is used to help 
maximize the expression of spectrally differentiable 
surface units. 

!
Figure 1. THEMIS DCS 8-7-5 of valley network with 
olivine bearing material. Image centered at 347.582E, 
-24.967N which depicts the purple signature of olivine 
(red arrow) following a sinuous and dendritic pattern. 

!  
Figure 2. MRO CTX with mapped outline of the pro-
posed valley network. Red box indicates location of 
Figure 3. The blue outlines the smooth, featureless 
central portion. The yellow indicates the olivine-rich, 
rubbly material surrounding the central portion.
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Figure 3. MRO CTX image of a pixel/degree of 8192. 
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The distinct morphological properties can be observed 
at this scale. The rough, rubbly terrain is olivine-rich, 
while the smooth central feature is olivine-poor.   
decorrelation stretch is used to help maximize the ex-
pression of spectrally differentiable surface units.  

Results: The observed pattern of olivine exposures 
in this location is branching and dendritic in nature 
with unique morphological, spectral, and thermophysi-
cal properties. The distinctive purple signature of 
olivine present in the branching network is concentrat-
ed towards the geographic center of this feature and 
fades towards both the east and west away from this 
central location. (Figure 1). While the central feature is 
discontinuous and only the portion we mapped con-
tains observable olivine exposures surrounding the 
central feature (as this is the diagnostic criteria for 
mapping), it is likely that this feature may be more 
extensive and continuous than its spectral signatures 
indicate.  

Within this geologic unit are two distinct mor-
phologies and compositional properties: an olivine-free 
central feature with lower thermal inertia and an 
olivine rich rubble pile on/surrounding the central fea-
ture on either side that is topographically higher and 
exhibits higher thermal inertia. The central portion of 
the feature is characterized by lower thermal inertia, 
and an olivine-poor and relatively smooth, featureless, 
slight topographic depression. The terrain surrounding 
the main feature is topographically higher, has higher 
thermal inertia than the surrounding terrain and the 
central feature, and shows spectral evidence of olivine 
enrichment in THEMIS data. In order to assist with 
differentiating units, we used mapping techniques to 
identify the features not only by their olivine abun-
dance but by their morphology, thermal inertia, and 
composition.  We mapped the main channel (outlined 
in blue, see Figure 2) and surrounding rubble pile (out-
lined in yellow, Figure 2) using projected Mars Recon-
naissance Orbiter Context Camera (MRO CTX) im-
ages as a base-map at 8192 pixels per degree to differ-
entiate the geologic units from one another (Figure 2).   

Discussion: The origin of the olivine is not imme-
diately clear and is still under investigation, but may be 
related to several different formation mechanisms: (1) 
an ancient valley network infilled with olivine-en-
riched materials which has since been eroded resulting 
in inverted topography, (2) an ancient branching lava 
tube system or (3) another unknown geologic process. 
At the moment, most evidence supports this first for-
mation mechanism (an ancient infilled valley network), 
due largely to the sinuosity of the feature and the evi-
dence for extensive surface erosion throughout the 

region. This erosion likely removed any confining 
topographic valley and the central portion of the chan-
nel and, instead, resulted in the relative resistance of 
the high thermal inertia and olivine-rich marginal 
ridges. While not ruling out an eroded lava tube origin 
for this feature, it is unlikely because of its highly den-
dritic nature, which is uncommon in martian lava tubes 
[12]. Future work will focus on gathering additional 
morphological, spectral, and thermophysical informa-
tion to further test these formation hypotheses.  

Summary and Future Work: If this feature is in 
fact a valley network that has been infilled by an 
olivine-enriched basaltic material, buried and subse-
quently exhumed, it maybe be one of the oldest valley 
networks identified to date. The stratigraphic relation-
ship of this feature is straightforward as other fluvial 
features clearly superpose this proposed valley net-
work and are formed in the unit that would have fully 
buried this proposed valley network. While we are still 
determining the origin and processes which formed 
this feature, we have a clear idea of the structure from 
careful mapping of the main channel and surrounding 
olivine-rich rubble pile. While datasets over this site 
are somewhat limited, CTX derived digital terrain 
models will be created if suitable and CRISM compo-
sitional data (though primarily Mapping products ex-
ist) will be used to further strengthen the observation 
set. As more detailed analysis is carried out, we will 
continue to refine our hypotheses, maps, and incorpo-
rate new datasets. 
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