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Introduction: In studies of Mars, detection of carbon-
ates by orbiting spectrometers such as CRISM and TES
has been an important focus because specific interpreta-
tions of the planet’s history vary with the results. Here we
present results of a remote sensing study that uses the first
simultaneous airborne measurements of reflective (0.4–
2.4 µm) and emissive (thermal-infrared, 7.5–13 µm) hy-
perspectral imagery of a Mars analog crater. This wide
wavelength coverage is critical because the reflective and
emissive wavelength ranges are sensitive to fundamen-
tally different spectral processes, and the differences can
cause confusion in interpretations unless they are well
understood. For example, there are questions related to
carbonate detections in the reflective wavelengths for
CRISM [1] and in the emissive wavelengths for TES
[2,3]. Here we focus on issues related to detection of car-
bonates in the different wavelength ranges.

Schooner Crater: Craters made by nuclear detona-
tions at the Nevada Test Site (NTS) provide unique test
beds for exploration and identification of the geologic
materials exposed by small craters [4,5,6,7]. Schooner is
part of a series of craters made at the NTS to study exca-
vation effects [8]. Schooner was made in 1968 using a
nuclear detonation emplaced at 108 m depth [6,9]. The
crater is 260 m diameter and has an apparent depth of
63 m [9]. Schooner has been long recognized as an ana-
log to craters on the moon and Mars [5,6]. Schooner is in
layered terrain [9], so it is also an interesting analog to
craters in layered terrain on Mars. The NTS craters are
particularly valuable because the controlled site access
preserved them relatively undisturbed (Fig.1), and for the
existing extensive geologic and drilling studies from the
original project.

Fig. 1 Schooner Crater. Picture taken Sep 2009,
looking ~NW. Note the large boulders in the ejecta
field.

Airborne Data: In September 2009, we imaged

Schooner crater using two spectrometers flown on the
same aircraft. SpecTIR measured 0.4–2.4 µm in 360
channels, at 2.4 m spatial resolution, and each swath is
320 pixels wide. SEBASS imaged Schooner covering 3–
5 µm and 7.5–13 µm in 256 bands, at 2 m spatial resolu-
tion, and swath widths 128 pixels wide. SEBASS is the
only airborne imager used for thermal-infrared, hyper-
spectral planetary analog studies [2,10]. SpecTIR is
broadlysimilar to the JPL AVIRIS instrument.

Ground Data: In Feb 2006 we imaged selected sites
at Schooner using RamVan, a ground-based imaging
spectrometer that covers the 7–13 µm range in 181 bands.
The Mars 2003 rover MiniTES is similar to the RamVan
instrument [11]. RamVan has scanned several other cra-
ters at the NTS [7,12,13].

Samples: Field samples from Schooner show carbon-
ates in three broad forms: (1) Clear calcite crystals as
translucent coatings on rock spall surfaces (Fig.2); (2)
White calcite coatings that may have multiple growth
periods, i.e. with a very fine-grained surface, also present
on rock spall surfaces (Fig.3); and (3) Chalky caliche
(Fig.4).

Fig. 2. SEM image of a clear calcite coating sample.

Fig. 3. SEM image of a white calcite coating sample.
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Fig. 4. SEM image of a caliche sample.

Spectral behavior of carbonates: In the reflective
wavelengths covered by SpecTIR, calcite has a strong
band centered near 2.3 µm (Fig.5). In the emissive wave-
length region covered by SEBASS carbonates have a
strong band centered near ~11 µm [2,14]. In both wave-
length ranges, if the surface is optically rough, then that
causes multiple reflections that reduce spectral contrast,
resulting in infrared “stealthy” behavior that can make
the material undetectable [2,3,10]. That roughness effect
is why manmade blackbodies have intentionally rough
surfaces (e.g., ridges). Whether a material is optically
rough depends on the wavelength, so that apparent sur-
face roughness increases with decreasing wavelength.

A different effect occurs as the particles become small
enough to become translucent, so that radiance begins to
survive passage through the grains. That effect is called
“volume scattering” [15,16,17,18,19]. For fine carbon-
ates, volume scattering begins to invert the ~11 µm emis-
sivity trough, and eventually the band becomes a peak
[14,15].

Results: The primary observations from the airborne
hyperspectral data sets are: (1) The coatings on the rock
spall surfaces have a strong carbonate signatures in the
SEBASS spectra [19]. The strength and shape of the pri-
mary carbonate detections at Schooner crater are consis-
tent with smooth-surfaced carbonate that lacks volume
scattering. This was confirmed by on-site measurements
using RamVan. The detections correlate with the coatings
on the rock spall surfaces. (2) Only a few weak carbonate
signatures were detected in the SpecTIR data (Fig.5).
Ground hyperspectral imagery that includes the 2–2.5 µm
range will be required in order to correlate the observa-
tions with ground materials, and thereby determine what
carbonates are exhibiting strong vs. weak spectral fea-
tures.

These findings are consistent with: (1) Calcite coat-
ings that are optically smooth in the thermal-infrared
wavelengths, which cause strong spectral bands in SE-
BASS imagery. Optically smooth materials have stronger
spectral bands than rough surfaces [10]; and (2) The rela-
tively weak detections at the reflective wavelengths is

currently a puzzle. Surface roughness may be an effect, or
calcite coatings that are mostly translucent at the reflec-
tive wavelengths may exhibit reduced spectral contrast if
the substrate is dark. However, the actual cause of the
differing detections will require on-site measurements of
reflective wavelength hyperspectral imagery and collec-
tion of correlated samples.

The results illustrate the importance of continuing
field analog studies in order to develop the necessary
foundation for remote exploration.

Fig. 5. Match to carbonate signature. The dashed curve
shows a calcite spectrum (sample “calcite C-3A,” 125–
500 µm particle size [20]). The red, solid trace shows a
SpecTIR signature of possible calcite (scene 0926-2231,
x693/y239). This was the strongest likely match to car-
bonate detected in the SpecTIR data.
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