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Quantitative absorbance spectroscopy with unpolarized light: Part II. Experimental  
evaluation and development of a protocol for quantitative analysis of mineral IR spectra
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ABSTRACT

The predictions of the theory of light propagation in weakly absorbing anisotropic minerals are 
tested against systematic measurements of the infrared absorbance spectra of calcite, olivine, and topaz 
oriented in both principal and random sections, using both polarized and unpolarized light. We show 
that if the linear polarized maximum absorbance is smaller than ~0.3, or if the ratio of maximum and 
minimum absorbance is close to unity, then (1) the polarized maximum and minimum absorbances as 
well as the unpolarized absorbance are, to a good approximation, linearly proportional to thickness, 
regardless of the direction of the incident light; (2) the angular variation of polarized light absorption 
is indistinguishable from the theoretical predictions within the uncertainty of the measurements; (3) for 
any section the unpolarized absorbance is the mean of the polarized maximum and minimum absor-
bance; and (4) the average unpolarized absorbance of randomly oriented grains is one third of the Total 
Absorbance (defined as the sum of the three principal absorbances). Therefore, calibrations relating 
Total Absorbance to absorber concentration in minerals that have been developed from measurements 
with polarized light parallel to the principal axes may be applied to measurements with unpolarized 
light on a population of randomly oriented sections. We show that 10 such measurements are sufficient 
to achieve a petrologically useful accuracy. The method enables water concentrations in nominally 
anhydrous minerals to be determined from samples where the preparation of oriented specimens is 
not feasible, such as high-pressure experimental runs and fine-grained mantle xenoliths. The method 
may also be used for obtaining quantitative measurements on low-symmetry minerals.
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INTRODUCTION

Both the amounts of hydroxyl species (OH, or colloquially 
“water”) in the nominally anhydrous minerals or NAMs of the 
Earth’s mantle, and the substitution mechanisms by which OH is 
incorporated, are important for understanding a range of physical 
and chemical properties of the mantle, including partial melting, 
rheology, diffusion, electrical conductivity, and seismic wave 
speeds and attenuation (Michael 1988; Bell and Rossman 1992; 
Karato and Wu 1993; Hirth and Kohlstedt 1996; Hier-Majumder 
et al. 2005). Infrared (IR) spectroscopy is a particularly useful 
technique for determining the OH content of NAMs because 
it has the advantage of providing quantitative information that 
can be linked directly to the substitution mechanism (Berry et 
al. 2005; Lemaire et al. 2004; Matveev et al. 2001, 2005). With 
infrared spectroscopy, the concentration of OH is determined 
quantitatively using the Beer-Lambert law, which states that 
for a section of the mineral of given thickness, the absorbance 

is proportional to the concentration of the absorbing species, 
where the absorbance is defined as the negative logarithm of 
the transmittance. The transmittance is the ratio of the radiant 
energy passing through the sample to the radiant energy incident 
on the sample, i.e., Im/Io, and is a function of the wavelength of 
the radiation. The issue is how best to collect the absorption (or 
transmission) spectra for this quantification.

In principle, the absorbance spectrum of a mineral might be 
collected using either polarized or unpolarized radiation; these 
data might then be treated either as transmission or absorption 
measurements; and the feature used for quantification either the 
peak height (called here, linear transmittance or absorbance) or 
the area under a peak, or set of peaks (called here, integrated 
transmittance or absorbance). There are therefore potentially six 
ways to obtain and quantify spectra, each with its advantages 
and disadvantages. Generally for nominally anhydrous miner-
als, the concentration of OH has been related to the sum of the 
three principal polarized absorbances (called Total Absorbance), 
which may be obtained by measuring the principal absorbances 
in oriented samples, or from three randomly oriented but or-* E-mail: istvan.kovacs@anu.edu.au


