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Introduction: The relations of the olivine optical 
spectra to crystal structure and chemistry of the 
mineral have been studied in numerous publications [1, 
2, and references therein]. In particular, T. King and 
W. Ridley [2], using high-resolution reflectance 
spectra of the olivines, investigated wavelength shift of 
the strong absorption band near 1000 nm depending on 
both Fe/Mg ratio in the olivine series from Fo11 to 
Fo91 and mean grain size of the samples. Authors 
noted, that sensibility of the olivine reflectance spectra 
to grain size of light-scattering surface makes 
additional difficulties for remote determination of 
olivine-enriched surface composition.  

Having viewed spin-forbidden absorption bands 
located in the long-wavelength wing of the charge 
transfer band, we drew attention that the 495-nm band 
subtly changes its position in various olivine spectra. 
This band is attributed to Fe2+ cations in the M1 and 
M2 sites of mineral structure and, consequently, the 
band shift would be caused by Fe – Mg substitutions in 
the forsterite-fayalite solid solution series. In order to 
check this proposition we used the olivine reflectance 
spectra described in [2] and now are available at 
http://speclab.cr.usgs.gov. Chemical compositions of 
the samples are given therein. 

Results: The 495-nm band center position in the 
olivine spectra was estimated as center of gravity of 
the band contour obtained after removing straight-line 
continuum passing through band wings. Fig.1 presents 
the set of absorption band contours, calculated by 
dividing out the continuum (residual reflectivities), in 
the spectra of the olivine samples having various 
weight percent forsterite. Each curve is offset upward 
from the one below it for clarity, and dashed line 
shows the shift of the band center.  

Fig.2 presents the shift of the 495-nm band center 
(λe) depending on forsterite content (Fo) of the olivine 
samples. Equation of correlates is Fo(wt. %) = -12.7 
λe(nm) + 6353.7 ± ∆, where ∆ is the standard error of 
forsterite estimation by this equation, and equals 7.9.  

Fig.3 is the plot of the 495-nm band position 
against grain size of the olivine samples. T. King and 
W. Ridley have sieved the powdered samples of Fo11 
– Fo66 series to less than 60 µm prior to spectral 
measurements. In that case the change of the 495-nm 
band position occurs due to variations of forsterite 
content of olivines. For the Mg-rich samples one can 
see the subtle long-wavelength shift of the 495-nm 
band position with rise in grain size. This shift equals 
about 1 nm and is comparable with error bars. If all 
olivines of the forsterite-fayalite series give the same 
shift of the 495-nm band position depending on mean 

grain size, then, as is clear from Figs.2 and 3, 
uncertainty of the forsterite content estimation with the 
help of the 495-nm band will be approximately ± 10 
wt. %.  

Implications for Remote Sensing: Application of 
the obtained results to remote determination of 
forsterite content of olivine-enriched surfaces is 
evident, so that we consider a second case. Olivine-
pyroxene mixtures are typical for meteorite and 
asteroid material. However, it is rather difficult to 
break up the reflectance spectrum of such a mixture 
into end-member spectra without additional 
information about grain size and composition of 
mineral components. Strong spectral bands of 
pyroxenes and olivines near 950 – 1000 nm are 
essentially covered so that the combined absorption 
feature in mixture spectrum has less full width at half 
maximum than the olivine band. Thus, the splitting of 
this feature into pyroxene and olivine components by 
any method (for example by MGM analysis) is 
accompanied by essential errors.   

Another picture is observed for the 495- and 505-
nm spin-forbidden bands of olivines and pyroxenes. 
The broad olivine band near 495 nm and the narrow 
pyroxene band near 505 nm also overlap in the 
reflectance spectrum of mineral mixture but the 
resulting feature has two separate minima. The upper 
curve in Fig.4 is the residual reflectivities of the 
feature in the intimate pyroxene-olivine mixture 
spectrum, which was calculated by theory [3] with the 
known end-member spectra. The bottom curve is the 
contour of the olivine-pyroxene feature in the spectrum 
of the ordinary chondrite Château-Renard. The 495-nm 
olivine band has symmetrical contour, and so the band 
minimum lies within the error of its center estimation. 
Minimum of the chondritic spectral absorption, which 
belongs to olivine, is between 494 and 495 nm so that 
olivine of the given meteorite sample contains 
approximately (75 ± 10)% forsterite.  

Note in closing that strength of the olivine-
pyroxene feature near 500 nm in the reflectance 
spectra of these mineral mixtures is less than strength 
of the 495-nm band in pure olivine spectra. Therefore, 
the described technique of olivine composition 
estimation requires both high spectral resolution and 
high-accuracy spectrophotometry. 
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Fig.2. Correlation between center position
of the 495-nm absorption band in the
olivine reflectance spectra and forsterite
content. 

Fig.1. The shift of center of the 495-
nm band in the reflectance spectra
of olivines. The curves are shifted
for clarity. Olivine spectra were
taken from USGS Digital Spectral
Library.  
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Fig.4. Olivine-pyroxene absorption
feature in the model reflectance
spectrum of intimate mineral mixture
and in the ordinary chondrite
reflectance spectrum. 

Fig.3. Center position of the 495-nm
absorption band in the olivine
reflectance spectra vs grain size of
olivine samples. 
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