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Abstract
We address the problem of unpolarized light spectroscopy of geological materials. Using infrared
radiation, the aim of this technique is to learn about the absorbing species, such as hydroxyl. The use
of unoriented samples leads to the need to perform a rigorous statistical analysis, so that the three
principal absorbances of the crystal can be retrieved. We present here such an analysis based on a
derivation of the probability density function for a single random measurement. Previous methods
for retrieval of the absorbances are shown to be suboptimal, producing biased results that are sometimes even unphysical (e.g., negative estimates for an inherently positive quantity). The mathematical
structure of the problem is developed to use the maximum likelihood estimation method, and we show
how to optimize for the three absorbance parameters. This leads to good parameter retrieval on both
synthetic and real data sets.
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Introduction
In the analysis of geological samples using both polarized
and unpolarized infrared radiation to determine principal absorbances, there is a logical desire to implement procedures based
on unpolarized light spectroscopy. In transmission geometry, the
intensity of light is measured after passage through a (possibly)
birefringent crystal; when polarized light is used, the physics of
the experiment is clear and allows unambiguous determination of
the absorbance as the sum of the principal polarized absorbances
along each of the principal axes of the absorbance indicatrix.
Unfortunately, the use of unpolarized light presents a much
less clear physical problem, but remains scientifically invaluable since it enables the analysis of small unoriented mineral
chips that might not be otherwise measured. Regardless of the
technique employed, the aim is to obtain quantitative information on absorbance, which can help constrain the presence of
hydroxyl in the sample.
The unpolarized implementation is simpler than the more protracted method whereby polarized light is used, but the technique
has not received widespread acceptance because of arguments
that it is not possible to use it to obtain quantitative determinations of absorbance in anisotropic materials [e.g., Libowitzky
and Rossman (1996); Bell et al. (2003)]. However, Sambridge
et al. (2008) derived, from first principles, a simple relationship
between transmittance and the direction and polarization angle of
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incident light. This led to a theory for unpolarized transmittance
and also allowed quantification of the conditions under which
approximate formulas for unpolarized absorbance can be applied,
namely that the maximum linear unpolarized absorbance should
not exceed 0.15. The latter does not appear to have been widely
appreciated and led some to continue to claim a controversy
over which theory is correct (Withers 2013). In fact, the primary
difference remains not which theory is correct but rather which
quantity should be treated in analysis, namely average unpolarized absorbance (Sambridge et al. 2008; Kovács et al. 2008) or
average unpolarized transmittance (Withers 2013); fortunately
we are able to neatly sidestep this issue in our presentation, as
the methods that we develop will apply equally to either of the
competing approaches, as do those of Sambridge et al. (2008).
Instead, the focus of our paper is concerned with how to optimally
treat the data that are collected in the unpolarized scenario when
unoriented samples are used. This question of optimal estimation
must be answered using a correct statistical analysis that has, so
far, been lacking from the literature. We begin with a description
of the physics and mathematics of both polarized and unpolarized
spectroscopy, and then go on to develop the statistical treatment
appropriate for random unoriented measurements in unpolarized
light. At the heart of our development is the aim to determine
the three principal absorbances of the mineral, and we show that
previous heuristic procedures for determining these quantities are
suboptimal. We illustrate the use of our theory with analysis of
two data sets, the first synthetic (in which case the true answer
is known) and the second real (measurements on olivine from
the literature).
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