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Introduction:  Life on Earth thrives and may have 

originated in areas of hydrothermal activity, where 
water, energy and biogenic elements were available. 
Hydrothermal environments on Earth are characterized 
by the presence of a wide variety of mineral species. 
Oxides and sulfides may have acted as templates, cata-
lysts and energy sources [1] for the first organic reac-
tions.  Phyllosilicate minerals may have provided a 
substratum for the building blocks of RNA to assemble 
and grow [2]. Minerals characteristic of hydrothermal 
systems (both fossil and active) can be identified 
through their infrared emissivity spectra by instruments 
such as the Thermal Emission Spectrometer (TES) [3], 
onboard Mars Global Surveyor. The large variety of 
mineral species characteristic of hydrothermal systems 
on Earth translates into a large amount of spectral 
variance. In this study we describe the methodology 
applied to identify areas of high spectral variance on 
Mars, which could correspond to hydrothermal 
systems, using TES emissivity data. 

Methodology: To date, TES has acquired more 
than 140 million emission spectra, covering a large 
percentage of the total surface of Mars, which is 
approximately equivalent to the total land surface area 
on Earth. Analyzing all the information present in the 
TES data is a challenging task, due both to the 
extensive geographic coverage and to the numerous 
spectral bands. In order to determine what areas of 
Mars are more "spectrally interesting", a variance 
index (VI) has been devised.  

Data utilized.  TES measures spectral radiance 
emitted by the surface of Mars and by the Martian at-
mosphere. The radiance is measured in 143 (single-
scan mode) or 286 (double-scan mode) spectral bands 
which span the 148-1715 cm-1 range. The spatial reso-
lution of each spectrum is approximately 3-by-6 km. 
Spectral emissivity is computed by dividing the meas-
ured radiance by the Planck curve of a black body at 
the radiance temperature derived for each spectrum. 

Daytime TES emissivity spectra have been gathered 
for 5-by-5 degree cells covering the entire planet. 
Spatially and spectrally non-averaged data are selected 
according to several quality criteria: acquisition 
geometry, low dust and ice opacities, radiance 
temperatures equal or greater than 250 K, as well as 
instrument performance. The spectra acquired by each 
of the 6 TES detectors are resampled to a common set 
of wavenumbers and FWHM. Finally, noisy spectra 
(characterized in most cases by their saw-like pattern) 

are discarded applying an algorithm that computes the 
sums of absolute differences in emissivity between 
adjacent bands in the 244-541 and 1316-1390 cm-1 
ranges. Two empirically-derived thresholds (0.25 and 
0.2, respectively) are utilized to identify noisy spectra.  

VI calculation.  To quantify the amount of spectral 
variance present in the TES data, the Minimum Noise 
Fraction (MNF) transformation [4,5] is applied to the 
emissivity spectra gathered in each cell. MNF consists 
of two cascaded principal component transformations. 
The first one decorrelates and re-scales the noise in the 
data, which thereafter has unit variance and no band-to-
band correlation. The statistics of the noise have been 
estimated from shift differences of a total of 449,055 
TES internal black body emissivity spectra, which are 
collected at regular intrervals during the normal 
operation of the sensor. The shift difference technique 
assumes that “adjacent” spectra contain the same signal 
and differ only in their noise. The second 
transformation is a standard principal components 
transformation of the noise-adjusted data. The total 
spectral variance per cell is computed by adding up the 
eigenvalues resulting from that second transformation 
which are above 3 standard deviations of the noise. As 
expected, there is a positive correlation between the 
spectral variance calculated and the number of spectra 
per cell (Figure 1). A linear regression between total 
variance and number of spectra per cell is calculated, 
and for each data point the residuals between observed 
and expected variance are determined. The VI is 
expressed as the number of standard deviations of the 
residuals. 

Results and discussion:  Three global VI maps of 
Mars with 5-degree resolution have been generated 
using the technique described above, for three different 
spectral ranges:  233-562 cm-1 (the range most 
sensitive to spectral characteristics of minerals, since it 
is not affected by water ice and dust bands), 775-1390 
cm-1 (of interest to study variability in dust-covered 
regions), and for the two previous ranges together. In 
the three maps, the spatial distribution of areas of low 
and high VI present a good correlation with the low 
and high thermal inertia regions identified from the 
TES data [6]. Very low VI values (<0 to 1) dominate in 
vast regions of low thermal inertia such as Arcadia 
Planitia, Amazonia Planitia, Tempe Terra, Xanthe 
Terra, Arabia Terra,  Elysium Planitia, and Noachis 
Terra. Low thermal inertia regions are commonly in-
terpreted as regions mostly covered by dust, and there-
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fore spectrally bland. The VI maxima (4-6) are located 
in, among others, areas such as Nili Fossae-Syrtis Ma-
jor Planum, and Valles Marineris, characterized by 
high thermal inertia values, and of known mineralogi-
cal interest [7, 8, 9]. High thermal inertia values are 
associated to surfaces dominated by rocks, susceptible 
of presenting a larger spectral diversity. Sinus Merid-
iani, where a large deposit of crystalline hematite has 
been identified [10], presents a relatively high VI (3-4).  

These results show that the VI method can deter-
mine the amount of spectral variance embedded in the 
TES data, and therefore could be used to identify 
Earth-like hydrothermal systems in the surface of Mars, 
given that those were large enough to be detected at the 
TES spatial resolution. 

 

 
Figure 1. Spectral variance and VI calculated for all 
the 5-by-5 degree cells, using the TES bands in the 
233-562 and 775-1390 cm-1 ranges.  

 
Sensitivity analysis of the VI:  To demonstrate the 

performance of the VI, two sensitivity analysis tests 
have been applied. From the global VI maps, a control 
cell with an average number of TES spectra (5915) and 
VI close to 0 was selected. The data in this cell (cen-
tered at 22.5oN, 92.5oW) is dominated by the spectral 
signatures of dust and ice. Approximately the same 
number of hematite spectra were extracted from the 
Sinus Meridiani region data. The VI of the original 
control cell was calculated. Then, 10 of its original 
spectra were substituted by hematite spectra, and the 
VI of the modified cell was recalculated. This was re-
peated until all the original spectra were substituted by 
hematite spectra. A steady increase in variance occurs 
until more than half of the spectra in the cell have been 

substituted, then the variance remains constant and 
finally starts to decrease (Figure 2). 

In the second test, the original spectra in the control 
cell were substituted (one at a time) by 170 laboratory 
spectra corresponding to a total of 74 mineral species, 
common in hydrothermal and magmatic environments 
[11]. The laboratory spectra were convolved to the 
TES single-scan bandpass as well as linearly mixed 
with dust and CO2 spectra, in order to make them as 
close to the TES spectra as possible. The increase in 
variance in this case is much more dramatic than in the 
previous test (Figure 2). 

The first test mimics what we observed in the Sinus 
Meridiani region: the presence of a large number of 
hematite spectra, increases modestly the variance in the 
cell, and therefore its VI. The second test indicates that 
a few pure spectra (40-50) corresponding to a variety 
of minerals (like is commonly observed in hydrother-
mal systems on Earth), dramatically increases the vari-
ance in the cell (5000), leading to VI values in the 5-6-
>6 range. Spectral mixing would increase the number 
of spectra required to reach the same VI values. 

 

 
Figure 2. Sensitivity analysis results. The original 
spectra were substituted by those of hematite (black) 
and diverse minerals from a spectral library (red). 
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