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Summary.  Reflectance and emission spectroscopy 

remain the most capable method for mineral 
identification from orbit.  However, to best utilize 
spectra returned from Mars for mission planning, the 
current level of understanding of the spectral signature 
of weathered and rough materials should be 
considered. 

Materials measured in the laboratory tend to have 
band strengths that are stronger than those measured in 
the field.  This difference results mainly from surface 
roughness, weathering effects, and the presence of a 
mixture of different materials in the field of view 
(mixed pixel effect).  Thus it is critical to extend 
spectral measurements from the laboratory into the 
field in order to understand the spectral behavior of 
real-world materials. This is best done by utilizing a 
combination of airborne, field, and laboratory spectra 
of terrestrial materials, and then applying the lessons 
learned to spectra recorded of Mars. 

The ability of any spectral instrument to detect and 
identify minerals depends on a combination of (1) the 
mineral's band strength and (2) band width; and (3) the 
instrument's spectral resolution and (4) signal-to-noise 
ratio (SNR); (5) atmospheric interference. These points 
are not always considered in quotes of the detection 
limits for a given instrument and material.  Here we 
discuss these effects, and explain their relevance for 
assessing the order in which spectral instruments 
should be flown to best implement a phased approach 
to "follow the water," and for landing site selection and 
sample return. 

Band depth.  The minimum coverage by a material 
required for detection depends in part on the spectral 
contrast exhibited by the material.  The Thermal 
Emission Spectrometer (TES) has been returning 
spectra of Mars covering the wavelength range from 
~6 - 50 µm, and these spectra may be used to examine 
the spectral signature of the surface, and to set 
detection limits for materials. 

For example, in the wavelength range covered by 
TES, carbonate exhibits clear bands at ~6.5, 11.2, and 
35 µm.  Figure 1 shows the typical signature in the 
11.2 µm region of large particles of carbonate.  Strong, 
clear signatures such as these are expected from 
massive carbonates, and typical quotes of detection 
limits are based on these signatures. 

However, Figure 2 shows the signature measured 
in the laboratory and the field of a rough, indurated 
carbonate (calcrete) [1].  Although this material is also 
composed of carbonate, surface roughness decreases 

the spectral contrast as a result of cavity and volume 
scattering effects [1].  Thus the detection limit for a 
given material also depends on its physical properties, 
and not just its composition.  When detection limits are 
quoted, it is important to state the assumed band depths 
of the material. 

 

 
Figure 1: Typical 11 µm band depth.  Large particle sizes 
of carbonates typically exhibit 11.25 µm band depths of 
~10%.  Shown are spectra of typical carbonates not from 
Mormon Mesa, measured by J. Salisbury in hemispherical 
reflectance of 500-1500 µm particle sizes, to examine the 
expected signature from typical massive carbonates.  This 
was the band depth expected of the massive calcrete [1].  
 

 
Figure 2: spectra of calcrete (indurated calcite) measured by 
the airborne hyperspectral imager SEBASS (red) and in the 
lab (black).  The SEBASS field of view was filled by 100% 
calcrete.  The SEBASS spectrum has had an atmospheric 
correction applied.  The lab spectrum was measured in 
hemispherical reflectance by Paul Adams (The Aerospace 
Corp.), converted using emissivity=1-reflectance (Kirchoff's 
Law). Surface roughness causes the difference in 11.25 µm 
band strength between the field (SEBASS) and lab spectrum.  
(sample mm4bhr) 

 

Spectral resolution and SNR.  The ability of an 
instrument to detect and identify a material also 
depends on its spectral resolution and SNR.  Poorer 
spectral resolution causes the recorded spectral 
features to have lower contrast.  Note for example the 
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difference in the TES and simulated Surveyor 2001 
THEMIS signatures in Figure 3. 

In addition, low spectral resolution decreases 
information content, which decreases the ability to 
identify a material, even when it can be detected.  It 
should be noted that there is a difference between 
detection, discrimination, and identification, and the 
abilities of each current and planned instrument should 
be considered.  Detection requires a signal that rises to 
a statistically meaningful level above the noise level; 
discrimination requires the signal be detectable and 
also different from the surrounding materials; and 
identification requires both discrimination and a 
spectral shape that can be considered unambiguous. 

 
Figure 3:  The red trace shows a remotely sensed signature 
(SEBASS) of a rough, indurated carbonate (calcrete; note the 
11 µm band); TES spectra with and without the 11 µm band 
imposed; and THEMIS (green trace) simulated from TES, 
but no noise. The SEBASS spectrum recorded a region 
where calcrete filled the field of view (Figure  4). This 
illustrates  the effects of noise, and the reduced spectral detail 
exhibited by a 9-band radiometer (THEMIS).  Both reduce 
the ability to detect and identify materials. 

 

Relevance to planning.  Here we use results of a 
spectral study of "White Rock" as an example of the 
relevance of these effects for mission planning.  
"White Rock" is a relatively bright deposit within a 
crater near 8S/335W [2] (Figure 5), and it has been 
suggested that it may be a deposit of an interesting 
material such as carbonate or sulfate [3].  If true, this 
would make it an interesting exobiology landing site 
[4]. 

However, Ruff et al. [5] conclude that TES spectra 
recorded of White Rock exhibit the spectral behavior 
of a blackbody (emissivity = 1) over the spectral range 
that TES measures, and over which they have obtained 
an acceptable atmospheric correction, 7.7 to 12.5 and 
20 to 40 µm (1300 to 800, and 500 to 250 cm-1) [5]. 

This blackbody signature is consistent with 
(1) finely particulate material, such as aeolian dust [5]; 
or (2) vesicular or rough surfaces, such as the rough 
carbonate at Mormon Mesa.  Differentiating between 
the two possibilities, and determining the composition 

of White Rock will require higher SNR measurements, 
or the measurement of many additional spectra for 
extensive averaging. 

 
Figure 4: The SEBASS spectrum (Figure  3) measured the 
calcrete shown above, where calcrete filled the field of view.  
A diffuse target (1 m2) is in the upper left. The inset shows a 
close-up of the spoil top. 

 

It is important to consider this result when 
examining when and how to incorporate these data sets 
into planning for landing site selection and sample 
return, and when examining what critical gaps may 
remain in our ability to select the most desirable land 
sites.  One critical gap that remains is the measurement 
of very high information content spectra of targeted 
regions, which would provide the best support for 
landing site selection. 

 
Figure 5: "White Rock."  Ruff et al. [5] conclude 
that TES spectra of White Rock exhibit the signature 
of a blackbody (emissivity = 1).  This is consistent 
either with a material that has no spectral features 
across these regions [5], or a material that is rough and 
pitted, such as the indurated carbonates at Mormon 
Mesa [1]. This second possibility should be taken into 
account in mission planning based on these data sets.  
[Image subset of MOC image FHA-00875, centered 
near 335.3W, 8.2S; 3 m per pixel.] 
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