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A simplified method of deconvolving reflectance spectra
of lunar soils has been developed using the modified
Gaussian approach (Sunshine et al. 1990).  This method has
been tested initially for studying the characteristic
absorption bands of mare soils.  Reasonable quality of
deconvolution was achieved with both a laboratory spectrum
of a mare soil sample and a telescopic spectrum of Mare
Serenitatis. Detailed interpretation of the resulting
absorption band parameters are being evaluated and the
approach will be modified as experience is gained.

1.  Introduction

Lunar soils have special characteristics that result from
“space weathering” as the original rock powders are
exposed to the space environment such as the solar wind
and micrometeorite bombardments (e.g., Pieters et al.
1993).  As a lunar soil matures, the near-infrared reflectance
spectrum becomes redder (increasing reflectance toward
longer wavelength) and diagnostic absorption bands become
shallower.  Accurately modeling such a “red continuum”
with superimposed absorptions has been an obstacle for
analyzing lunar soil spectra with quantitative methods such
as the modified Gaussian model (Sunshine et al. 1990,
Sunshine and Pieters 1993).  In the approach discussed
here, the basic properties of the modified Gaussian model
for diagnostic absorption bands is combined with a
modification of the straight-line continuum removal method
traditionally used for lunar soils and the combined method
has been applied to the analysis of lunar soil spectra.

2.  Spectral Data Sources

Laboratory reflectance spectrum of a lunar soil 15041
(10-20 µm fraction) was measured relative to halon at 30°
incidence and 0° emergence angles.  The reflectance values
were corrected for the absolute reflectance values of halon.
This soil is one of a suite of samples included in a study of
lunar mare soils reported by Taylor et al. and Pieters et al.
(this volume).  A telescopic near-infrared reflectance
spectrum of the standard area Mare Serenitatis 2 (e.g.,
Pieters 1978) was included to represent remotely acquired
data.

3.  Deconvolution Method

Linear continuum removal has been commonly used for
characterizing the 1 µm and 2 µm bands of silicate-rich
materials including lunar soils (e.g., see Pieters 1986
Appendix).  A continuum is estimated as a straight line
tangent to the spectrum on both sides of either the 1 µm or 2
µm absorption.  For the approach discussed here a double-
linear continuum is used to accommodate absorptions near 1
µm and 2 µm and is defined by connecting two tangential
lines in contact with the reflectance spectrum around 0.7,
1.5, and 2.5 µm.  If the two tangential lines overlap with
each other around 1.5 µm, their contact points are shifted to
their middle point.  If the tangential lines don’t overlap with
each other, they are connected using the reflectance

spectrum of the missing wavelength range.  Such a double-
linear continuum is removed from each reflectance spectrum
by dividing the spectrum by the continuum.  Data below the
contact point around 0.7 µm is  not included in this analysis.

Each continuum-removed reflectance spectrum is then
converted into its natural logarithm for deconvolution into
modified Gaussians and a flat background (Hiroi et al.
1995).  If the procedure is accurate, the Gaussians represent
individual absorptions of the minerals present. Note that the
optimized band strengths are thus always negative and the
background value is always positive or nearly zero. A small
but positive background is needed to compensate for some
of the signal removed with the tangent double-linear
continuum method.  As described in Sunshine et al. (1990),
modified Gaussians are added as necessary for fit
convergence.

4.  Deconvolution Results and Interpretation

Shown in Figures 1 and 2 are applications of the above
method to a laboratory spectrum of lunar soil 15041 and a
telescopic spectrum of Mare Serenitatis 2.  For the
laboratory spectrum, only three modified Gaussians were
necessary for a satisfactory fit in comparison with the S/N
ratio of the measured reflectance spectrum.  On the other
hand, fitting the Mare Serenitatis spectrum in Figure 2
required two additional modified Gaussians near the edges
of the wavelength range for the calculation.  The absorption
band parameters obtained from this MGM double-linear-
continuum method are listed in Table 1.

Table 1.  Obtained absorption band parameters.

Band No. Center (µm) Width (µm) Strength
Lunar Soil 15041

1 0.955 0.235 -0.1773
2 2.044 0.614 -0.0655
3 1.174 0.372 -0.0700

Mare Serenitatis 2
1 0.957 0.305 -0.1333
2 2.046 0.708 -0.1326
3 1.222 0.489 -0.0592
4 2.383 0.419 -0.0520
5 0.658 0.113 -0.0562

Lunar soil 15041 shows bands 1 and 2 at wavelengths
indicating the presence of pyroxene.  If these bands are
interpreted as being solely due to pyroxene, they would be
consistent with an average composition of Wo 30±20
according to Cloutis and Gaffey (1991).  Band 1, however,
can also be influenced by the presence of olivine or
quenched  glass.  Band 3 can have several contributions, the
largest due to an absorption characteristic of high-Ca
pyroxenes (Sunshine and Pieters 1993).  Other contributions
to this band are due to plagioclase and olivine (see
discussion in Pieters et al., this volume).

The current results for Mare Serenitatis identify bands 1
and 2 at wavelengths similar to 15041. The band center and
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relative strength of band 3 are also comparable for the
laboratory and the remote data. Band widths, however, are
larger for MS2 and the strength of band 2 relative to band 1
is much greater than that for 15041.   These differences
between the laboratory and remote data are not yet fully
understood.  They may be due to inherent differences in
mineral abundance and composition or may be due in part to
the minor thermal component known to exist in remote
lunar data beyond 2 µm (see description in Pieters 1986,
Pieters et al. 1988).

6.  Summary

A simple Modified Gaussian deconvolution of
reflectance spectra of lunar soils using a double-linear
continuum has been shown to be possible and give
absorption band parameters that appear to provide
reasonable compositional information.  Although
preliminary, these results are very encouraging. The
accuracy of this method and proper calibration to obtain
mineral abundances are to be studied in more detail in
future analyses.
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