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Introduction: Reflectance spectra from the 

OMEGA and CRISM visible/near-infared (VNIR) 

imagers continue to be analyzed. The classification 

process is complicated because the spectral features are 

affected by composition as well as environmental con-

ditions. To study how spectral features are influenced 

by environmental conditions, laboratory spectra are 

collected in enviromnetal chambers emulating Martian 

surface conditions. In this study, we are applying prin-

ciple component analysis (PCA) to a spectral suite 

collected in a Mars environment chamber at the Centre 

for Terrestrial and Planetary Exploration (C-TAPE) at 

the University of Winnipeg [1]. 

PCA applied Reflectance Spectra: PCA has been 

previously applied to mineral mixture datasets. It was 

applied to a pyroxene mixture dataset and was used to 

predict percent composition and grain size [2]. It was 

applied to two phyllosilicate-containing mixture da-

tasets to understand how percent composition affects 

spectral features [3]. Percent composition was predict-

ed for tertiary and quaternary mixture datasets contain-

ing silicates [4]. It was also shown that PCA can be 

used to virtually mix endmembers [5,6]. This study 

will show that PCA can also be applied to datasets 

where environmental conditions are varied. 

Methods: Samples and Spectra. The Mars Box 

Run 1 ASD dataset was selected for this study. The 

dataset contains Calcite, Clinochlore, Gypsum, Hexa-

hydrite, Jarosite, Nontronite, and Serpentine. The min-

erals were initially subjected to 5 Torr of dry CO2 for 

24 days followed by 8-20 milliTorr of dry CO2 for an 

additional 25 days. Starting on Day 15, the samples 

were exposed to UV light from a deuterium lamp. The 

spectra were measured intermittently over the 49 day 

period. This dataset was collected for another study 

and reposed in the PSF spectral database [1].  

Pre-processing. Aside from isolating individual 

spectra from the excel file, no pre-processing was re-

quired. The spectra span 0.35 to 2.5 µm wavelengths 

with a resolution of 1 µm. They were not cropped or 

resampled. The data was also not normalized. The 

Nontronite spectra are shown in Fig. 1.  

PCA procedure. PCA was performed on each min-

eral individually using singular value decomposition 

(SVD). Before performing PCA, the mean spectrum 

for the mineral set was subtracted from each spectrum. 

The mean spectrum along with the most significant 

principle component vector for the Nontronite spectra 

is shown in Fig. 2. PCA also produced 16 principle 

component values corresponding to each day shown in  

 

 

Fig. 1. Each spectrum can be approximated as the 

mean spectrum plus the first principle component vec-

tor multiplied by the first principle component value. 

In Fig. 3, the principle component values for 

Nontronite are plotted against time. The first principle 

component value was related to the CO2 pressure.  

Fig. 2: Nontronite mean spectrum and first principle 

component vector generated by PCA. 

 

Fig. 1: PSF Mars Box Run 1 ASD Nontronite dataset 

with offsets. 
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        Results: The methods were applied to each of the 

minerals. For some of the minerals, the first principle 

component was related to an enviromnetal condition. 

Table 1 shows which environmental condition was 

related to the first principle component for each of the 

minerals.  

 

Mineral PC1 Values 

Calcite (<45µm) - 

Calcite (90-180µm) - 

Clinochlore 8-20 milliTorr CO2 Pressure 

Gypsum 8-20 milliTorr CO2 Pressure 

Hexahydrite UV Light 

Jarosite -  

Nontronite 8-20 milliTorr CO2 Pressure 

Serpentine UV Light 

For both Calcite samples, the PC1 vector has fea-

tures in the 0.35 to 0.7 µm wavelength range. Howev-

er, the PC1 values appear to be random and not related 

to the environmental conditions.  

For the Clinochlore sample, the PC1 vector has fea-

tures in the 0.35 to 0.5 µm wavelength range. After the 

low pressure CO2 is turned on at Day 25, there is a 

slight increase n PC1 values. 

For the Gypsum sample, the PC1 vector has fea-

tures in the 1.4 to 2.4 µm wavelength range. After the 

low pressure CO2 is turned on at Day 25, there is a 

distinct exponential increase in PC1 values. 

For the Hexahydrite sample, the PC1 vector has 

features in the 1.4 to 2.4 µm wavelength range. After 

the UV light is turned on at Day 15, there is an in-

crease in PC1 values. 

For the Jarosite sample, the PC1 vector has no easi-

ly obsevable features. The PC1 values also appear to 

be unrelated to the environmental conditions. 

For the Nontronite sample, the PC1 vector has no-

table features in the 0.5 to 0.9 µm wavelength range as 

seen in Fig. 2. After the low pressure CO2 is turned on 

at Day 25, there is a distinct exponential increase in 

PC1 values, which can be seen in Fig. 3. 

For the Serpentine sample, the PC1 vector has fea-

tures in the 0.35 to 0.7 µm wavelength range. After the 

UV light is turned on at Day 15, there is an increase in 

PC1 values. 

Discussion: For most of the minerals, PC1 ac-

counts for more than 80% of the variation in the spec-

tra. PC2 accounts for most of the remaining variation 

but the PC2 values appear to be unrelated to the envi-

ronmental conditions. 

 

The spectra of the Jarosite and two Calcite samples 

all visually look similar. It is not surprising that PCA 

provided no additional information. This would imply 

Jarosite and Calcite spectra are unaffected in the 0.35 

to 2.5 µm by CO2 pressure and UV light. 

This spectra for the Nontronite and Gypsum sam-

ples have drastic changes over the 49 day experiment. 

The PC1 values have very distinct exponential curves, 

showing that the spectra changes are quantifiable and 

predictable. Further research needs to be conducted to 

determine if the changes are permanent and why they 

are occurring.   

Future Work: Only the Mars Box Run 1 ASD da-

taset was analyzed. Runs 2 - 6 could also be analyzed. 

Summary:  PCA is applied to a VNIR spectra da-

taset in which the samples were exposed to UV light 

and CO2 at several pressures. The samples included 

Calcite, Clinochlore, Gypsum, Hexahydrite, Jarosite, 

Nontronite and Serpentine.   
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Fig. 3: A scatter plot relating the Nontronite first princi-

ple component value to time. At Day 25, the sample was 

subjected to 8-20 milliTorr of CO2.    

Table 1: Environmental condition related to the first 

principle component.  
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