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Introduction: Ultraviolet (UV) reflectance spec-

troscopy is a useful technique for determining miner-
alogy, petrology, and chemical composition of geo-
logical materials. It is still not fully known how suit-
able the ultraviolet spectral region (i.e., below 400 
nanometres) is for remote sensing of planetary sur-
faces.  The problems with observing planetary surfaces 
in this wavelength region is that reflectance values are 
generally low below 400 nm, and the terrestrial atmos-
phere becomes increasingly opaque toward lower 
wavelengths.  We have access to this wavelength re-
gion for planetary surfaces with the Hubble Space 
Telescope and future space-borne telescopes and UV-
capable planetary orbiter and flyby instruments.  

Previous investigators have found trends in mafic 
silicates with composition and [1] found narrow ab-
sorption bands in some UV spectra of some planetary 
geological materials (in addition to the major metal-
oxygen absorption feature in the ultraviolet). Hapke 
[2] found characteristic absorption features in both the 
200-400 nm region and at higher wavelengths in lunar 
and terrestrial silicate rocks and minerals.  

Using a new Ocean Optics spectrometer available 
at the University of Winnipeg, spectra of numerous 
geological materials were acquired in the 200-400 nm 
range.  This new data allows us to determine whether 
any useful spectral features exist in this spectral re-
gion, whether these features can be used to discrimi-
nate broad classes of minerals (e.g. pyroxenes vs oli-
vines vs plagioclase feldspars, etc.) extending previous 
studies [e.g., 1-3] and the results of other investigators, 
and whether spectral differences exist within each 
class of minerals that will allow compositional con-
straints to be placed on minerals within a single class 
(e.g., does Fe2+ content correlate with a shift in band 
position of pyroxenes).  This study is also intended to 
create a spectral library of geological materials for the 
UV range.  

Experimental Procedure:  Reflectance spectra of 
various mineral samples (either <45 or 45-90 µm grain 
sizes) were measured with an Ocean Optics S-2000 
spectrometer, covering the wavelength range 200-400 
nm with ~0.3 nm spectral resolution. One hundred 
scans were averaged to improve signal to noise ratio, 
with a 1000 msec/scan integration time. The spectra 
were measured at i=0°, e=45° relative to halon.  Ha-
lon’s reflectance begins to decline shortward of ~250 
nm, thus spectral slopes in this range are not reliable. 

Results:  A few narrow and weak absorption bands 
were found in some of the spectra; however most of 
the mineral spectra were dominated by a broad absorp-
tion feature usually centered in the 250-350 nm region.   
In terms of narrow absorption features, we found no 
resolvable absorption bands in hematite, ilmenite, and 
magnetite, consistent with the results of [1].  [1] did 
not find any bands in montmorillonite and clinopyrox-
ene; however we found one minor band in clinopyrox-
ene at 395 (likely due to an Fe3+  spin forbidden transi-
tion) and two bands in one of our montmorillonite 
spectra at 370 and 395 nm (also likely due to Fe3+ spin 
forbidden transitions). In plagioclase feldspar we 
found a narrow band near 380 nm in anorthite (cause 
unknown) as did [1].  In olivine, we detected a band 
near 370 nm as did [1] (likely due to an Fe2+ crystal 
field transition); however we did not find weak bands 
at 210 or 250 that [1] identified.   

Figs. 1-3 show the measured variations in the 
wavelength position of the major absorption feature of 
olivine, feldspar, and clinopyroxene with composition.  
Sample spectra are shown in Fig. 4. [1] did not include 
enough olivines or clinopyroxenes to allow for spec-
tral-compositional trends to be identified. With our 
larger sample suite we could search for spectral-
compositional trends. For olivines we found a linear 
trend in wavelength position of the major absorption 
band (around 300nm) with Fa content (Figure 1). For 
clinopyroxenes, there is a trend of the major 300 nm 
region band moving to longer wavelengths with in-
creasing Fs content.  For plagioclase feldspars, a linear 
trend exists for An content, with the major absorption 
band moving to longer wavelengths.     

Discussion:  Some of our UV spectral data differ 
from those  of previous investigators (e.g, Carver [3] 
Hapke [2]). There are a number of possible causes, 
that we are systematically investigating. Possible ca-
uses include differences in reflectance standards that 
were utilized, differences in viewing geometry, fluo-
rescence in the reflectance standard, scattered light, 
differences in sample types (e.g., powders vs chips), or 
other, as yet, not completely resolved factors. One 
factor that we have identified is what appears to be a 
spectrally neutral increase in overall reflectance due to 
scattering off of the aluminum sample holder.  

Our results suggest that the UV region may be use-
ful for mafic silicates, to derive major cation composi-
tion for pure end members, at a minimum.  Further 
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analysis are planned to resolve the discrepancies be-
tween UV spectra measured by us and other investiga-
tors, and to establish more firm trends for olivines, 
pyroxenes and plagioclase feldspars, in order to assess 
whether this data can be used for mapping of planetary 
surfaces in the UV.  Our preliminary results suggest 
that the major plagioclase feldspar band is in a differ-
ent wavelength region (250-300 nm) than clinopyrox-
ene and olivine bands (~300-370 nm). 

UV reflectance spectroscopy may also be applied 
to mapping lunar geology.  Ilmenite is an important 
lunar mineral and our data suggests that it has its re-
flectance minimum at wavelengths longer than 400 
nm, therefore our preliminary results suggest that it 
can be discriminated from other major lunar minerals. 
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Figure 1. Variations in the minimum wavelength 

position of the major absorption band in clinopyroxene 
spectra with ferrous iron content (%Fs) 

 

 
Figure 2. Variation in the minimum wavelength 

position of the major absorption band in olivine spec-
tra with ferrous iron content (%Fa) 

 

 
Figure 3. Variations in the minimum wavelength 

position of the major absorption band in plagioclase 
feldspar spectra with calcium content (%An) 

 
Figure 4. Representative 200-400 nm sample spec-

tra (clinopyroxene, plagioclase feldspar, olivine, il-
menite). 
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