
LANDING SITE SELECTION USING INFRARED DATA SETS OF MARS.  L. E. Kirkland1, K. C. Herr2, P. M.
Adams2, E. R. Keim2, J. W. Salisbury3, and J. A. Hackwell2, 1Lunar and Planetary Institute, 3600 Bay Area Blvd., Houston,
Texas, kirkland@lpi.usra.edu; 2The Aerospace Corporation, Kenneth.C.Herr@aero.org, Paul.M.Adams@aero.org,
Eric.R.Keim@aero.org, John.A.Hackwell@aero.org; 3Johns Hopkins University, retired, salisburys@worldnet.att.net.

Summary: The current Mars exploration strategy calls
first for the detection from orbit of materials of interest for
astrobiology and landing site selection. This places the
productivity of the 1996 Global Surveyor Thermal
Emission Spectrometer (TES) and the 2001 Mars Odyssey
9-band radiometer THEMIS in the critical path of this
strategy. Most predictions of mineral detection limits for
TES and THEMIS are based on laboratory spectra, with
the assumption that minerals measured in the field will
appear as those measured in the laboratory. Here we
examine TES spectra and differences in spectral signatures
recorded in the field and laboratory environments, and
show what these results indicate for the search for minerals
on Mars. We conclude it will be challenging for TES and
THEMIS to attain their predicted detection limits unless
minerals are present under specific conditions: well-
crystalline, smooth surface, and low downwelling radiance
contribution. When these conditions are not met, TES and
THEMIS have more difficulty detecting minerals. This
should be considered when relying on these data sets for
landing site selection.

Data: We use the airborne hyperspectral imaging
spectrometer SEBASS, field spectrometer, and laboratory
spectrometer data to characterize field vs. laboratory spec-
tral signatures [1]. SEBASS is uniquely suited to this task
because it measures with the highest combined signal-to-
noise ratio (SNR) and spectral resolution of any airborne
thermal infrared imaging spectrometer. SEBASS and in
situ field spectrometer measurements show that indurated,
massive calcite (calcrete) at Mormon Mesa exhibits unex-
pectedly weak spectral contrast at ~11.2 µm [1]. Labora-
tory spectra also show the calcrete 6.5, 11.2 and 33 µm
bands are weaker than expected. Materials with reduced
spectral contrast place higher SNR requirements for detec-
tion, which makes them more difficult to detect.

Causes of reduced contrast: Spectral contrast varies
significantly with properties unrelated to composition, and
the two most important effects are the cavity effect and
volume scattering. Figure 1 illustrates the increase in ef-
fective emissivity (εe) with the number of reflections
(rcount) off a cavity wall with true emissivity ε  [2]:

εe = 1 - (1 - ε)(rcount +1) (1)
Pits (e.g. vesicles, pits between pebbles, interstices
between grains, and cracks, pits, and grooves in rocks) will
cause a cavity effect and reduced spectral contrast
according to Equation 1.

Surface scattering dominates for coarse calcite
particles (Figure 2), so the reststrahlen bands appear as
emissivity troughs (spectral minima). In contrast, volume
scattering dominates the transmission spectrum, so the
reststrahlen bands are offset slightly toward longer

wavelength, and appear as emission peaks. Volume
scattering results from the presence of rough, angular, or
very small particles. The effect of increased volume
scattering in the Figure 2 fine calcite spectrum causes
reduced spectral contrast as it shifts to appear more as the
transmission spectrum.
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Figure 1: Cavity effect. Effective emissivity increases with the
average number of reflections of the exiting radiance. This
illustrates the rapid increase in effective emissivity with number
of reflections, assuming a true emissivity of 0.75 (solid line) or
0.96 (dashed line), using Equation 1.
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Figure 2: Volume scattering.  The dashed line shows a calcite
transmission spectrum; the red trace a biconical reflectance
spectrum of fine calcite particles (0-74 µ), and the blue trace
coarse calcite particles (74-250 µ). Spectra are from [3], sample
"calcite.1," using emissivity=1-reflectance (or transmission), with
transmission scaled to plot in a convenient range for display.

Field vs. lab: The Fig.3 limestone spectrum illustrates
the typical spectral contrast of a carbonate measured in the
lab and that is commonly used to predict carbonate detec-
tion limits. On the other hand, although the calcrete is
mainly calcite (~90%), the lab spectrum of a hand sample
(Fig.3) has reduced spectral contrast, mainly from cavity
and volume scattering effects [1]. The Fig.3 field spec-
trometer measurements show the in situ calcrete spectral
contrast when the spectrum is not compensated for re-
flected downwelling radiance (blue), and when it is com-
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pensated (green). This spectral region has a low downwel-
ling radiance contribution, so it causes only a slight con-
trast reduction. The SEBASS spectrum (red) was recorded
of a region with near 100% calcrete coverage. It illustrates
the contrast recorded from an airborne instrument, and is a
good TES and THEMIS viewing geometry analog.
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Figure 3: Calcite spectral contrasts. Shown are laboratory
spectra of limestone and calcrete (black); a calcrete field
spectrum that has been compensated (green) and not
compensated (blue) for reflected downwelling radiance, and a
SEBASS spectrum (red) of the same region measured by the
field spectrometers. Field and SEBASS spectra are offset to
match the SEBASS apparent emissivity at 10.99 µm (vertical
reference line), and the limestone is offset +0.06.

Discussion: Lab measurements of a hand sample do
not capture the cavity effect caused by pits and spaces that
occur between rocks and pebbles, which contribute to
reduced spectral contrast in field vs. laboratory calcrete
spectra. Possible causes of the different contrasts observed
by SEBASS and the field spectrometer are differences in
atmospheric compensations applied and the fraction
coverage within a pixel. The SEBASS pixel size was
~2 m × 2 m, and the field spectrometer ~0.3 m × 0.3 m.

Our results illustrate four critical points. First, the
calcrete was consistently observed to have significantly
reduced spectral contrast relative to the limestone, even
though both are composed predominantly of calcite.
Second, field spectra can exhibit significantly lower
spectral contrast than laboratory spectra. Third, field
measurements have inherently greater difficulties and thus
uncertainties than laboratory spectra, which can
dramatically affect the effective detection limit. Fourth,
lack of ground truth increases the uncertainties, which
again affects the potential detection limit. Ground truth
was necessary to understand our measurements.

If the Figure 3 limestone was used to calculate the
expected remotely sensed calcite band contrast, then we
might use the Figure 3 SEBASS spectrum to conclude
incorrectly that very little calcite is present at this location.
Furthermore, if SEBASS measured with lower SNR or
spectral resolution, it would not detect the 11.2 µm band,
and we might conclude that no carbonates are present in a
region that is in fact extensively covered by massive
carbonates. This shows that the presence of rough and
weathered surfaces must be considered to realistically
predict detection limits.

TES [4] and THEMIS [5] team studies predict
detection limits of ~5-10% for carbonates at ~3x5 km2

(TES) and 0.1x0.1 km2 (THEMIS) spatial resolution. The
published laboratory spectra for these predictions [6]
exhibit spectral contrasts of ~15-30% near 11.2 µm and
~40-80% near ~6.4 µm, similar to the Fig.3 limestone.
However, the Figure 3 calcrete and field spectra clearly
demonstrate that expectations based only on very strong
spectral contrasts may be overly optimistic. In addition,
they illustrate that for a quoted detection limit to have
meaning, it is necessary to state the assumed band depths
and physical properties of the target material.

Conclusions: It is critical to remember that minerals
measured in the field will exhibit very strong spectral con-
trast over the TES and THEMIS wavelength ranges only
under specific conditions (well-crystalline, large grain size,
smooth surfaces, and low downwelling radiance contribu-
tion). SEBASS results validate the thermal infrared as a
tool to detect and identify minerals under field conditions.
However, at the much lower SNR and spectral sampling of
THEMIS (Figure 4), it may differentiate a spectrally subtle
material (e.g. calcrete) from materials that exhibit strong
spectral signatures (e.g. quartz), but it will have very lim-
ited ability to detect and identify the composition of rough
materials. When interpreting the data set and considering
the results for landing site selection, it will be essential to
take into account uncertainties introduced by the possible
presence of lower spectral contrast materials.
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Figure 4: Shown are a typical TES spectrum of Mars and a
THEMIS signature simulated from the TES spectrum. The cal-
crete lab spectrum is linearly scaled to simulate 20% coverage,
but we do not simulate the additional reduced contrast exhibited
between field and lab spectra shown in Figure 3. This shows
surface properties may cause the predicted 10% carbonate detec-
tion limit to be more difficult to obtain than previously thought.
Calcrete offset +0.03 and THEMIS -0.09 for clarity; arrows mark
two atmospheric gas bands.
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