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Introduction:  The Compact Reconaissance Imag-

ing Spectrometer for Mars (CRISM) is a hyperspectral 

imager that maps the Martian surface at ~20 m/pixel 

from 362 to 3920 nm at 6.55 nm/channel. This data 

provides high-resolution compositional  and geological 

information on surface features [1]. A range of compo-

sitional data products based on spectral band analysis 

and indexing is already well-established [2], but miner-

al abundances can be difficult to determine from these 

data. High spatial and spectral resolution make it pos-

sible to perform quantitative spectral unmixing to de-

termine the abundance and spatial distribution of sur-

face minerals. 

Reflectance spectra are highly non-linear in the vis-

ible-near infrared (VNIR) wavelength range. For this 

reason, most linear unmixing studies have focused on 

the mid-infrared wavelength region. However, single 

scattering albedo (SSA) spectra add linearly in the 

VNIR range [3] and can be derived either from optical 

constants n and k or reflectance, making single scatter-

ing albedo a valid unmixing parameter. Here we intro-

duce a linear unmixing model for single scattering al-

bedo spectra derived from CRISM data. 

 

Methods: The model calls upon the linear 

deconvolution algorithm SMA [4] in the Davinci data 

analysis software maintained by Arizona State Univer-

sity (davinci.asu.edu). CRISM single scattering albedo 

spectra were derived by using the method of [5], as-

suming surface scattering can be modeled by the Hapke 

bidirectional scattering function [6]. We created a 

VNIR spectral end-member library by acquiring reflec-

tance spectra of pure mineral samples of multiple grain 

sizes and deriving average optical constants via an iter-

ative model approach based on the Shkuratov approx-

imation of radiative transfer [7]. The optical constant 

library is composed of 25 end-members spanning py-

roxene, olivine, plagioclase, carbonates, sulfates 

phyllosilicates, and oxides. Additionally, synthetic pos-

itive and negative slope end-members were added to 

account for any differences in spectral slope between 

the CRISM and laboratory spectra. For our analysis, 

we utilized 224 channels ranging between 1.03 and 

2.50 μm. 

To convert mineral optical constants to single scat-

tering albedos to be used in our model, we assign sev-

eral possible grain sizes to each mineral and create an 

SSA end-member library consisting of multiple SSA's 

for each mineral. To prevent oversolving, the number 

of end-members must not exceed the number of chan-

nels, and as a rule of thumb should be less than half 

that, so here only a few grain size guesses per mineral 

can be tested at a time. For our approach, we input a 

list of grain sizes to be used for all minerals and the 

model runs over all unique combinations of five of 

these, allowing mineral-specific inclusions or exclu-

sions, to single out the combination with the lowest 

RMS error and best visual fit. Once synthetic slope 

abundances are normalized out, the result is a model 

spectrum and a list of grain size-specific mineral abun-

dances.  

 

Results: Laboratory testing is a vital and ongoing 

process to determine the accuracy and inclinations of 

the model. We have so far performed testing on a vari-

ety of single, two, and three-mineral mixtures of py-

roxene, plagioclase, and olivine initially prepared by 

[8]. Reflectances of these mixtures were converted 

directly to SSA using an approximation for bi-

directional reflectance [9]. Pure pyroxenes were mod-

eled at 80-95% pyroxene, with a grain size prediction 

biased 5-35% lower than known. Olivine forsterite was 

modeled at 75-85% forsterite with a similar grain size 

bias. Labradorite plagioclase was the most difficult for 

the model, at 50-60% labradorite, a relatively high 

RMS error, and a grain size bias of 15-30% higher. 

These biases carry over into the 2 and 3 mineral mix-

tures, indicating a systematic difference in the deriva-

tion techniques of the end-members and mixture spec-

tra. 

 

 
 

 

Figure 1. A 3-component mixture and its well-fit 

modeled spectrum of olivine, enstatite, and augite, 

with a mass abundance ratio of 6:2:1. The number 

after the mineral name corresponds to the grain 

size. 
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For these mixtures, the model predicts olivine and 

pyroxene to within 20% of actual mass abundance, but 

labradorite is always underrepresented and distorts the 

abundances of other minerals. Laboratory testing of 

phyllosilicates, oxides, carbonates, and sulfates is 

planned for the immediate future.  

We applied the model to a portion of CRISM image 

FRT0000A253_07_IF163L_TRR3 (Fig. 2) as well as 

several single spectra (e.g. Fig. 3) from south of Cross 

Crater (202.7E, -31.8N). When modeling the many 

spectra in an image, it is not reasonable to use a brute-

force approach with many grain size combinations, so 

we instead chose limited sets of likely grain sizes. In 

the resulting maps, plagioclase (45%), pyroxene 

(30%), and olivine (10%) dominate on average, but in 

certain places phyllosilicate abundance reaches up to 

20%. The mineral maps generated from this model 

agree well spatially with CRISM-derived index maps, 

but the model fails to accurately recognize minerals 

below a detection limit of approximately 5% abun-

dance. 

 

Discussion/Future Work: Mineral end-members 

that have relatively flat, featureless single scattering 

albedos in the 1.0-2.5 micron range (e.g. halite) make 

unmixing difficult, as the model may use them in high 

abundance as an unphysical baseline boost to its de-

rived spectrum. This puts an inherent limit on the min-

erals this model can accurately unmix, and we will 

need to fully account for this effect with anorthite and 

certain carbonates in our library. The end-member li-

brary itself is a constraint on the utility of this model, 

since only those minerals can be found by the model, 

so updating the library with the best spectra and most 

useful mineral choices is a continuous process. 

Thus far we have made very simple approximations 

for potentially important factors in our model such as 

shadowing, porosity effects, and phase function. Fur-

ther work will address these parameters more thor-

oughly. In the immediate future, a less approximate 

conversion from reflectance to single scattering albedo 

will also be implemented, as this has a significant im-

pact on the final unmixing model. Testing of the model 

on known mineral mixtures is also of great importance 

and will continue in order to better analyze and correct 

image unmixing results. 

We plan to apply this model to other areas of inter-

est on the Martian surface such as jarosite or car-

bonate-rich sites, and hope to use THEMIS thermal 

intertia data to more intelligently constrain surface 

grain size estimates. At present, this model can deter-

mine abundances of certain minerals with reasonable 

accuracy and produces mineralogy maps that are in 

agreement with previously derived data products. 
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Figure 3. Unmixing of a phyllosilicate-rich pixel, 

grouped by mineral class. 

Figure 2. Comparison of scaled phyllosilicate 

maps: CRISM ASU Mg/Fe phyllosilicate data 

product (top), map from this model (bottom). Note 

a distinct lower cutoff in the second image—below 

~5% abundance, the model may begin to substitute 

other minerals. CRISM image FRT0000A253_07_ 

IF163L_TRR3. 
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