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Introduction:  Serpentine and carbonate, detected 

with imaging spectrometer systems orbiting Mars [1-4], 

are important astrobiological indicators. The serpentin-

ization process has the potential to generate H2, which 

organisms can use to produce CH4 [e.g., 5], where the 

production of H2 is related to the degree of Fe oxida-

tion [6]. In this abstract we address two questions: (1) 

can the state of Fe oxidation be resolved spectroscopi-

cally, and (2) would standard multispectral imaging 

systems on martian rovers (e.g., Pancam, Mastcam) 

[e.g., 7-8] be able to resolve these critical elements of 

compositional information and guide rover operations 

for landed planetary missions? Here we address these 

questions through field tests designed to resolve oxida-

tion states of serpentine terrains where we compare 

hyperspectral and multispectral data’s ability to address 

key science questions and assess the tradeoff between 

spectral resolution and science return. 

Field site:  A field investigation of imaging spec-

troscopy at a rover scale occurred at an abandoned 

chrysotile asbestos mine in Norbestos, Quebec. This 

site was the location of the Canadian Space Agency’s 

Mars Methane Analogue Mission, which used a suite 

of instruments to search for methane and assess biolog-

ical potential [9]. The mine is located in the ophiolite 

belt in the Quebec Appalachians and was altered dur-

ing two serpentinization events [10]. The dominant 

lithologies are serpentine and carbonate.  

Methods:  A Channel Systems hyperspectral im-

ager was used in the field to image exposed mine walls 

and related surface samples at wavelengths 420-720 

nm with 5 nm sampling. Images were calibrated with a 

dark subtraction and correction (through ratios) to in-

scene calibration targets and validated through compar-

ison with laboratory spectra of samples. Spectral pa-

rameters were calculated to map features seen in the 

spectra. The red slope is Σ(bands 690, 700, 

710)/Σ(bands 445, 450, 455). The green peak is 

Σ(bands 575, 580, 585, 590)/Σ(bands 465, 470, 695, 

700). The blue slope is the inverse of the red slope. 

Images were also spectrally resampled to match the 

Pancam and Mastcam band passes [7-8] in order to 

compare analyses of multispectral and hyperspectral 

data. Future work will image the samples in the labora-

tory at infrared wavelengths. 

The surfaces of the samples returned from the field 

were measured in the laboratory with an Analytical 

Spectral Devices (ASD) spectrometer (350-2500 nm). 

Additional laboratory analyses have been done on sev-

eral samples to determine chemistry and mineralogy. 

Results:  Spectra of some surfaces have a spin for-

bidden crystal field transition of tetrahedral Fe
3+

 near 

440 nm (Fig. 1) [11-14], while other surfaces do not. 

The presence of this feature may be related to exposure 

or texture of the surface, or to the degree of oxidation 

of the serpentine and thus production of H2 [6]. Exper-

iments have suggested that tetrahedral Fe
3+

 occurs in 

serpentine after the octahedral sheet has become satu-

rated in Fe
3+

 [6], so the presence of a feature near 440 

nm is a potentially powerful indicator of degree of oxi-

dation and astrobiological potential. The hyperspectral 

data also show the presence of a Fe
2+

/Fe
3+

 charge trans-

fer near 650 nm [12-13]. While these particular imag-

ing data do not allow for direct mapping of the 440 nm 

feature, a peak in reflectance near 550 nm between the 

440 and 650 nm features often occurs with the 440 nm 

feature and can be mapped (Fig. 2). Laboratory spectra 

in the infrared are dominated by overtones and combi-

nation tones of OH, H2O, and Mg-OH in serpentine 

(Fig. 1b) [12-13, 15-18]. A strong red slope in the im-

aging data in places is indicative of formation of iron 

oxides. Laboratory analyses suggest that some of the 

most oxidized samples also have significant carbonate 

as a coating.  

These detailed interpretations of oxidation state 

cannot be made from the multispectral data, and the 

440 nm feature is absent at Pancam and Mastcam spec-

tral resolution (Fig. 1a). A negative slope at 600-700 

nm in the multispectral data is consistent with a feature 

in that region, but the shape of the feature is dependent 

on the wavelengths and widths of the band passes of 

the two imaging systems. Interpretation of spectra of 

the same material from the two instruments could differ 

because the band centers appear to be different. While 

the current hyperspectral data only cover wavelengths 

less than 720 nm, resampled ASD data at longer wave-

lengths show the same trends with a loss of spectro-

scopic detail and inability to resolve distinct absorption 

features. This result is consistent with [19, 20], who 

had difficulty designing a multispectral visible-near 

infrared imaging system capable of identifying and 

distinguishing the variety of minerals that may be ex-
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pected on Mars. Future work will further examine these 

spatial and spectral tradeoffs in the infrared [e.g., 21].  

Implications for astrobiological and exploration 

potential:  The ability to detect the 440 nm electronic 

transition of tetrahedral Fe
3+

 in hyperspectral data is 

astrobiologically important because oxidation of Fe
3+

 

in serpentine correlates with H2 production and the 

most completely serpentinized materials have tetrahe-

dral Fe
3+

 [6]. As H2 is an energy source for some or-

ganisms and can be used to produce CH4 [e.g., 5], de-

tection of tetrahedral Fe
3+

 could be helpful in identify-

ing areas where there has been complete serpentiniza-

tion and the astrobiological potential is highest.  

While multispectral imaging systems can show 

where there may be mineralogically or chemically in-

teresting regions, only the hyperspectral data can be 

used to understand the actual mineralogic, chemical, or 

oxidative differences that are critical for astrobiology. 

Extending the wavelength range of the imager into the 

infrared would allow even more sophisticated analyses 

and the ability to uniquely identify more minerals.  
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Fig. 1: a) Spectra of the same pixels (3x3 averages) at hy-

perspectral and Mastcam (dashed, diamond symbols) and 

Pancam (solid line) resolution. Colors correspond to Fig. 2 

spectral parameters. b) Laboratory spectra of a sample with 

spectral features labeled (band assignments from [11-18]). 

 
Fig. 2: Nature of oxidation state and texture on wall of mine. Hyperspectral image RGB composite (left). Spectral parameter 

map (right). The red slope shows oxidation. The height of the green peak is either related to Fe2+/Fe3+ content or texture of the 

surface. The blue slope may result from coatings, textural effects, or magnetite. 
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