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Introduction: Low contrast features are often ob-

served in the reflectance spectra of terrestrial planets’ 

surfaces. Among other causes we outline the interfe-

rence of adjacent absorption bands due to different 

minerals. Plagioclase is an important component of the 

mineralogical composition of Lunar and Hermean ter-

rains. Although the combined effects of Fe
2+

 absorp-

tions in clinopyroxene (Cpx), orthopyroxene (Opx) and 

olivine (Ol) mixtures have been widely studied [e.g., 

1,2], the spectroscopic effects of plagioclase (Pl) have 

been considered only for <0,26 wt% FeO-bearing 

compositions [3,4]. Here we show the effects that both 

modal abundance and chemistry of Pl have on the ab-

sorption bands of Fe, Mg minerals-bearing mixtures in 

the NIR spectral region.   

Experimental approach: We measured the reflec-

tance spectra (0.35-2.5 μm; i=30°, e=0°) of 63-125 

μm-size intimate mixtures of Fe, Mg components+ Pl. 

All the minerals have been separated from cumulitic 

rocks belonging to Stillwater Complex anorthositic 

kindred. We used three different starting Fe-Mg assem-

blages, to which alternatively 0.36 (medium-iron Pl) 

and 0.5 wt% (iron-rich) FeO-bearing Pl (An80) have 

been added in relative proportions of 30-50-70-80-90 

wt.%: 1) Ol-free assemblage consists of ~44 vol.% Cpx 

(En45-Wo46) + ~56 vol.% Opx (En77); 2) Ol-poor as-

semblage includes ~70 vol.% Opx (En86) + ~30 vol.% 

Ol (Fo87); 3) Ol-rich assemblage consists of ~28 vol.% 

Opx (En82) + ~4 vol.% Cpx (En45-Wo46) +  ~68 vol.% 

Ol (Fo84). 

Absorption features diagnostic of Fe-Mg minerals were 

analyzed via decomposition with Exponential Gaussian 

Model-EGO algorithm [5,6] to determine band spectral 

parameters such as center position, band intensity, 

width and asymmetry, particularly in the 1.2 μm spec-

tral region.  

Results: Figure 1 shows the reflectance spectra ac-

quired on the enmember plagioclases. The spectra 

show a prominent CF band centered at ~1.2 m which 

is diagnostic of Fe-bearing Pl [7] and two possibly vi-

brational absorptions in the IR region likely due to 

alterations in Pl. The CF feature moves to longer wave-

lengths and become more asymmetric toward the IR 

with increasing the Fe content in Pl. Band depth 

slightly varies. 

 
Fig. 1 VIS-NIR plagioclase reflectance spectra (63-125 

μm grain size) normalized to 750nm for comparison. 
 

Ol-free mixtures  

 
Fig. 2 Ol-free+ iron-rich Pl mixture’s reflectance spec-

tra. Pl % increases from black to light blue. 

 

Figure 2 shows that increasing Pl modal abundance in 

the Ol-free mixtures, albedo is higher, the 1.2 μm Pl 

band intensity increases, center band moves toward 

longer wavelength and asymmetry tends to remain un-

changed.   

In Ol-bearing mixtures, the 1.2 μm Ol band is in the 

same spectral region of Pl absorption band: at this wa-

velenght they create a composite band, whose spectral 

parameters give information about Pl chemistry and 

amount.  

Ol-poor mixtures  

 
Fig. 3 Ol-poor+ iron-rich Pl mixture’s reflectance spec-

tra. Pl % increases from black to light blue. 

 

Figure 3 shows that increasing Pl modal abundance in 

Ol-poor mixtures, albedo is higher, the 1.2 μm compo-

site band intensity increases, center band moves toward 

longer wavelength and band asymmetry increases to-

ward the IR region.    
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Ol-rich mixtures  

 
Fig. 4 Ol-rich+ iron-rich Pl mixture’s reflectance spec-

tra. Pl % increases from black to light blue. 

 

Figure 4 shows that adding Pl in Ol-rich mixtures, 

composite band intensity decreases and center band 

and band asymmetry show the same behaviour as in 

olivine-poor mixtures. 

Comparing the spectral parameters of the 1.2 μm com-

posite band of different mixtures, we can see that, fix-

ing Pl and Fe, Mg component content, center band 

moves to shorter wavelength, asymmetry increases 

toward the UV region and band intensity is deeper 

passing from an olivine-free mixture to an olivine rich 

one. 

For the same Mg/Fe ratio, the 1.2 μm composite 

band intensities are very similar, center bands moves 

toward longer wavelength and band asymmetry in-

creases towards the IR region, in both Ol-rich and Ol-

poor mixtures, passing from medium-iron Pl  to iron-

rich Pl. 

As this composite band features are due to both Pl 

and Ol, we also simulated the contribution of each 

minerals. Using a linear combination procedure (Fig.5) 

we observed the predomination of Ol contribution and 

the consequent underestimation of Pl in real mixtures. 

 
Fig. 5 End-member, iron-rich Pl, and Ol-rich mixtures 

are in green, in black are the real mixture spectra and in 

red the mixture spectra calculated as simple combina-

tion of end-members. 

 

Furthermore, starting from the intensities of band 1 and 

band 2 of Ol, for the different olivine concentrations in 

the Ol-bearing mixtures, we recalculated the expected 

intensity of the band 3 of Ol. The difference between 

the measured 1.2 μm comp band intensity and the re-

calculated band 3 of Ol can be assumed as the Pl inten-

sity for different concentrations (Fig. 6).  

 
Fig. 6 Example of Pl intensity determination in iron-

rich Pl+ Ol-rich mixtures. On x-axis are the intensities 

of the 1.2 comp band and on y-axis Pl intensity as dif-

ference beetwen 1.2 comp. band and calculated band 3 

of Ol. 

 

The same procedure was repeated for the center band 

position (Fig. 7). 

 
Fig. 7 Example of Pl intensity determination consider-

ing composite center band shift with respect to starting 

Pl-free mixtures. 

 

Implications for planet: Adding Pl to Fe, Mg mix-

tures produces low contrast reflectance spectra, par-

ticularly when the Fe, Mg mixtures are composed by 

olivine. Composite band spectral parameters can give 

informations about the mineralogy and the composition 

of mixtures. 

Future work: Ongoing work is focused on the 

analysis of very fine samples of the same mixtures and 

on analysis of Fe, Mg mixtures composed entirely by 

Ol. In particular we want to contribute to a better un-

derstanding of spectra such as those interpreted as fer-

roan anorthosites on the Moon, featureless spectra cha-

racterizing the Hermean surface, and perhaps other 

spectra observed on different small bodies.  
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