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Introduction: Weathering of bedrock to sediment 
can occur via mechanical or chemical processes.  
Pure mechanical weathering (with no sorting or re-
moval) results in little mineralogical change from the 
primary lithology whereas chemical weathering can 
remove phases or produce secondary ones resulting 
in sediment with a mineralogical composition signifi-
cantly different from the bedrock from which it was 
derived.  Bedrock exposures on the Martian surface 
are very limited [1] and therefore the surface ob-
served with remote sensing instruments is dominated 
by sediment.  Globally, the Martian surface is charac-
terized by large fractions of primary igneous minerals 
[e.g., 2, 3].  But geomorphological evidence suggests 
that liquid water was available at least episodically to 
enable alteration of these igneous minerals [e.g., 4,  
5].  In addition, there are geochemical arguments for 
the production of secondary silica from chemical 
weathering of Mars’ largely basaltic crust [6].  Local-
ly, there is evidence for occurrences of secondary 
phases (phyllosilicates, hydrated sulfates, silica) re-
sulting from chemical weathering due to the presence 
of liquid water, but these are very limited in extent, 
requiring the resolution of CRISM or MER to detect 
and map out [e.g., 7 - 10]. But in areas where second-
ary phases are not identified, non-detection does not 
necessarily imply that the surface represents an unal-
tered, primary lithology. Therefore, chemical weath-
ering may be a widespread, rather than limited, pro-
cess on Mars [11, 12]. 

Olivine is sensitive to chemical weathering at cer-
tain pH and water to rock ratios, and in the presence 
of liquid water may be preferentially altered and re-
moved as a rock is weathered into sediment [e.g., 13 - 
15].  Therefore, if chemical weathering is a signifi-
cant contributor to Martian sediment production it is 
expected that sediments derived from olivine-rich 
bedrock will have a lower olivine content than the 
bedrock from which they originated.  To test this 
hypothesis we have begun to look for evidence of a 
positive correlation between olivine abundance and 
thermal inertia using TES data, where thermal inertia 
can be considered a proxy for mean particle size.  
Surfaces with relatively high thermal inertias are 
rockier and those with relatively low thermal inertias 
are dominated by sands.  Using this approach, evi-
dence of chemical weathering can be discerned even 
if secondary alteration phases are not directly detect-
ed [11, 12].  

An initial investigation into the global trend of ol-
ivine versus thermal inertia found no correlation be-
tween the two, but concluded that the various as-
sumptions regarding global geology required to find 
such a correlation could be flawed and regional 
trends of chemical weathering may be masked by 
such a global analysis [16].  In continuation of this 
project, we are investigating several regional expo-
sures of olivine-rich materials to examine the rela-
tionship between olivine content and thermal inertia 
in order to determine if there is evidence for chemical 
alteration resulting in the removal of olivine as bed-
rock is broken down to sediment in these areas. 

Data and Methods: We used data from the Mars 
Global Surveyor Thermal Emission Spectrometer 
(TES) and 2001 Mars Odyssey Thermal Emission 
Imaging System (THEMIS) for this study. For each 
study region we extracted all of the TES measure-
ments in a specified region of interest (ROI) that met 
our selection criteria for the highest quality data.  In 
addition, we used the dust cover index of [17] to limit 
our analysis to dust-free surfaces (DCI > 0.962) and 
we avoided high water-ice and dust opacities, which 
can complicate thermal inertia measurements [18].  
For all analyses, we used daytime bolometer-derived 
thermal inertia from the TES database [19] and same-
pixel total olivine content derived via TES spectral 
analysis from [20].  THEMIS IR image mosaics were 
used to delineate ROIs and decorrelation stretched 
(DCS) images (with THEMIS radiance bands 8, 7, 
and 5 as red, green, and blue, respectively) were used 
to verify TES footprint locations and olivine detec-
tions as the magenta color in these images is usually 
characteristic of the presence of relatively mafic ma-
terials typically containing olivine [e.g., 21]. 

Initial Results: To date we have completed anal-
yses on two regions with exposures of olivine-rich 
materials: around the Nili Fossae and in Aurorae 
Planum.  For each region we defined several ROIs 
that included either a broader region or a smaller area 
within it and plotted (for all non-zero olivine detec-
tions) the olivine fraction versus thermal inertia to 
determine if there was a correlation between the two 
variables.  For both regions and for all ROIs, no cor-
relation was found.  The coefficient of determination 
(R2; found via linear regression in Excel, generally 
values over ~0.6 can be interpreted as showing a pos-
itive correlation between the two variables) for Nili 
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Fossae ROIs ranged from 0.019 to 0.119, and for 
Aurorae Planum ROIs, R2 = 0.037 to 0.169.   

TES-derived thermal inertia varies with season 
[18], so we investigated the seasonal variance of 
thermal inertia in our regions and its effect on our 
analysis. Similar to the analysis done by [18], we 
extracted three years (OCKs 1583-24,346) of daytime 
TES observations in each region.  Bolometric thermal 
inertia was binned by 10° LS and a median thermal 
inertia calculated.  We used the mean and standard 
deviation of these 10° LS bin medians to determine a 
subset of “normal” LS observations.  Limiting our 
analysis to these observations did not change our 
results.  However, it did have a variable influence on 
the calculated R2 value, in some cases nearly dou-
bling it.  Although seasonal effects on thermal inertia 
did not change our results for these two regions, our 
preliminary analysis shows that it could influence 
results in other regions if olivine content and thermal 
inertia are found to be positively correlated (or nearly 
so). 

We also observed a variance in the degree of non-
correlation depending on the size and location of the 
ROI drawn within each region.  For instance, near the 
Nili Fossae, increasing the size of the ROI to include 
a western area dominated by lower olivine contents 
more than doubled the R2 value (from 0.054 to 
0.119).  This apparent increase in correlation would 
only be significant if the westward deposits are ge-
netically related to the higher olivine materials to the 
east, and highlights the importance of understanding 
the local geology when examining an area for a cor-
relation between olivine content and thermal inertia, 
especially when determining the ROI bounds to be 
used in the analysis.   

The importance of scale of observation and 
knowledge of local geology is further emphasized 
when comparing our results to those found by [12] 
near the Nili Fossae.  Using THEMIS nighttime tem-
perature and DCS (875) imagery as proxies for ther-
mal inertia and olivine content, respectively, [12] 
found a qualitative correlation between high thermal 
inertia surfaces and high olivine content, but noted 
that the correlation is not perfect.  One of our ROIs 
closely approximates the region examined by [12], 
and within it we see no correlation of olivine abun-
dance and thermal inertia in TES data, quantitatively 
exposing this non-perfect correlation around the Nili 
Fossae. This also highlights the risk in using a visual, 
qualitative approach; as pointed out by both [12] and 
[16], spectral parameter images can be misleading 
because they enhance relative, not absolute, differ-
ences, especially when images with varying observa-
tion conditions are mosaiced together. 

Although it is possible that the non-correlation is 
a result of a lack of acceptable TES measurements in 
the area precluding a spatially complete analysis, it 
seems more likely that the assumption (implicitly 
made by [12] as well) that all lower inertia materials 
within the ROI are directly derived from the higher 
inertia materials may not be valid. Examining even 
smaller areas with TES data does not result in corre-
lation, just as [12] found that quantitative analysis on 
a smaller area still resulted in a non-perfect correla-
tion between olivine and thermal inertia.  This 
doesn’t seem surprising considering OMEGA and 
CRISM results, which have indicated that along with 
an olivine-bearing unit, a phyllosilicate-bearing and 
(olivine-poor) mafic unit are exposed around the Nili 
Fossae at scales much smaller than that of an individ-
ual TES footprint [22]. 

Conclusions and Future Work: To date we do 
not see any regional correlations between TES-
derived thermal inertia and olivine content and sus-
pect that complicated geological relationships below 
the scale of the ROIs (and possibly the TES footprint) 
play a large role in this apparent non-correlation.  We 
plan to continue our analysis to several other regions 
and carry out more localized analyses at the THEMIS 
scale to limit the scale of observation and analysis to 
one where knowledge of the local geology can be 
incorporated with more confidence. 
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