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Summary: We give an update on an ongoing study
which broadly stated uses an Asymmetric Gaussian
curve and its tangent space to discover new
information vis a vis hypserpectral datasets, previous
work has been reported in [1]. We describe a new
method of analysing overlapping absorption bands. We
then use the Asymmetrical Gaussian curve to derive a
Master Equation to fit two overlapping bands. We then
demonstrate the use of the Asymmetric Gaussian curve
to fit four overlapping Gaussian bands, and show how
this is relevant to the olivine family spectral complex
at 1 μm. We report on which olivine endmember is
easiest to fit using an asymmetric curve. 

Methods: Asymmetry can develop in absorption
bands under many circumstances, here we mention
three. The Franck-Condon principle states that the
most probable kinetic state of an electron when it
transfers between quantum states is to retain its prior
kinetic energy and direction. In its most perfect
realization, this results in a delta function distribution
for band transitions.  However this symmetry principle
can be broken in several directions by conditions in the
real world of observational spectroscopy. For example:

1.) Under low pressures, collisions between
molecules result in symmetric bell-shaped Gaussian
absorption curves whose width depends on the density
of the gas. Under higher pressure, however, absorption
bands will broaden due to adiabatic collisions [2]. In
wavelength space, this Gaussian band will become
asymmetric.

2.) A common cause of asymmetry in Gaussian
bands is the lack of instrumental resolution to resolve
two nearby bands. This effect will occur for any
spectrometer attempting to measure Gaussian bands
that partially overlap. If the instrument has too few
spectral channels across the band to resolve the two
shapes then the shape will be asymmetric.

3.) A less common cause of asymmetrical bands is
the case of a spin-forbidden band vibronically
borrowing energy from a spin-allowed band that it is
crossing. The combination of the two will create an
asymmetric shape that varies with the difference in
energy between the bands [3].

The result of all these processes is an asymmetric
Gaussian curve, and the methods discussed in this
paper are appropriate for determining further
information vis-a-vis said asymmetric band. We will 

Fig 1 – Model of forsterite showing M1 and M2 sites
also discuss the limiting conditions of when two
shapes can be resolved, and what happens when they
cannot. Figure 1 presents a crystal model for the
Forsterite (Mg) endmember of the olivine family. In
this paper, we examine spectral changes for the
Fayalite (Fe) endmember of the family where all the
Mg atoms are replaced by Fe. 
   Figure 2b demonstrates the relative difficulty of
resolving two Gaussian shapes from each other, as
their centroids move apart. To construct the figure, we
have used what we call the tangent approach to
determining the resolvability of two Gaussian shapes.
We have used the values of a Gaussian equation at the
centroid of the smaller Gaussian shape as a measure of
resolvability. This metric works because when the two
shapes are completely separate from each other, the
tangent value at the centroid should be zero. As the two
shapes interfere, the value of the tangent increases.

Figure 2 - Resolution of Gaussian shapes using the tangent
approach.(a) This plot shows the variation of the tangent
metric with the delta (difference between centroids) and the
width of the larger Gaussian shape. (b) .gif movie of the
tangent space reaction to a Gaussian with centroid running
from 1 to 900. The other Gaussian centroid is 500.
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Figure 2a shows the error for the width of the first
shape versus the difference in centroid (delta) and
demonstrates several aspects of the resolution of the
Gaussians problem. In a first order analysis, the figure
shows a large diagonal maximum across the figure,
which demonstrates that when the difference is similar
to the width, the resolution is difficult. Second order
effects are just as important and highlight the
interesting nature of this separation problem. First,
there is an area of low values in the top left corner of
the plot, indicating that for low delta values, the
Gaussians are still resolvable, if the width of the larger
Gaussian is large enough. The final aspect of the plot
we will discuss is that the broad maximum in the
middle of the plot decreases as the width and the delta
increase. The interpretation of this observation is that if
the width and delta are similar, it is generally harder to
resolve the Gaussians for lower delta and width, and
easier to resolve them as they increase together.
   Olivine Multiband Complex: Finally, we address
the case of the representation of four overlapping
Gaussian curves. This system is relevant to the case of
the electronic bands of the olivine family, which
overlap in the 1 μm region. Figure 3a and b show a
representation of the 3d6 Fe2+ for an olivine electronic
transition [5]. As we have previously discussed, we can
use information from the tangent space to separate
Gaussian bands. This suggests to us that the bands will
not be separable if they are closer than the full width
half maximum of the largest band. As previously
established by the work of Burns, the Crystal Field

Theory applied to the
olivine (Mg2+,Fe2+)2SiO4

structure gives us four
olivine absorption bands
in the  region. Our task is
to generate spectra from
the following model. In
order to achieve our goal
of modeling the 1 μm
region of the Mg-Fe
olivine family, we use the
d a t a s e t o f [4] which
provides tables of the
centroid of four bands
and maps their changes
as the Mg-Fe content is
varied. Sunshine and
Pie te r s [6] Table 2
showed that the two Y
bands have a band width
of about 3000cm-1 and
the Z band has a half
width of about 1600cm-1.
We use these values for
our band widths of the Z

band and Y bands. Sunshine and Pieters pointed out
they could not resolve the X band and so they omitted
that band in their study. Figure 3 shows the X band
runs parallel and very close to the bottom of the largest
Y band and is very difficult to resolve for this reason if
polarized measurements are not available. We use the
four band approach here. Fig 3e shows the error in
fitting the four band olivine complex at 1 μm. It
demonstrates that the case of Fayalite (Fo10) is easier to
fit than Forsterite (Fo100). The reason for this behavior
is that the Fayalite spectrum is more asymmetric than
the Forsterite spectrum, and it is therefore easier to
replicate with an asymmetric shape. This fact is born
out by simple observations of the two end members
which are given in Fig 3c (Forsterite) and d (Fayalite). 
     Conclusions: We established that the Asymmetric
Gaussian Method can be used to map a parameterized
4 Gaussian shape based on the olivine family 1 μm
multi-band complex. We demonstrated that it is easier
to fit a Fayalite (Fa) spectrum than a pure Forsterite
(Fo) spectrum, because the Fa spectrum is more
asymmetric than a Fo spectrum.
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