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Introduction: Magnetite is an accessory mineral
found in terrestrial environments, some meteorites, and
the lunar surface. The reflectance of magnetite powers
is relatively low [1], and this property makes it an ana-
log for other dark Fe- or Ti-bearing components, par-
ticularly ilmenite on the lunar surface. Three literature
values of magnetite optical constants [2-4] were used
to calculate the bidirectional reflectance, via Hapke
theory using two particle phase function representa-
tions (isotropic and non-isotropic [5]), but could not
reproduce the laboratory measured bidirectional reflec-
tance [6]. This result has motivated us to apply Hapke
theory to estimate the complex refractive indices of
magnetite from the measured reflectance spectra using
the techniques described in [7-11]. We have also im-
plemented the ability to use a Mie scattering represen-
tation of the particle phase function.

Methods: To obtain the real component of the re-
fraction refractive index we have applied the following
procedure:

1. Use the Hapke theory in a generalized chi-
square minimization procedure to obtain the
imaginary component of the complex refrac-
tive indices index of a coarse (67.5 microns)
and fine (22.5 microns) grain size.

Given the complex refraction refractive indices of
the two grain populations obtained from the above
procedure we employ our generalized Hapke code to
obtain the reflectance spectrum of the populations. In
this code the single scatter albedo can use either the
traditional version of the Hapke formalism or replace
its single scatter albedo equation by a Mie calculation
of a spherical grain (hereafter Hapke+Mie). In Figure 1
we present the tests performed to assess the reliability
of the new code. In all the above analysis we have set
the Hapke % to 0.05 The blue and green present the
measured reflectance according to [2]. The simple
Hapke analysis (dashed-yellow and dashed-orange
denote yielded the same values as the Cloutis meas-
urements [2], full green and blue lines represent the
Cloutis Measurements [2] of coarse and fine (blue)
magnetite grains, respectively. The Hapke+Mie calcu-
lations, violet (fine) and brawn brown (coarse), present
gross similarities with the standard Hapke model.
However, the Hapke+Mie spectra are flatter and have
subdued 1 micrometer bands. The two Hapke+Mie
also present small scale variance. We hypothesize this
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is due to i) variance in the derived refraction indices s
or ij) interference patterns resulting from the reflec-
tions of the photons on the surfacewithin the grains of
the assumed spherical geometry.

Discussion:
The spectra computed with the simple Hapke code
shows that, given the optical constants derived from
the Hapke analysis, we can reproduce the reflectance
spectrum from which the optical constants were de-
rived. This gives confidence that the Hapke code is
internally consistent.
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Figure 1. Reflectance versus Wavelength. The
Hapke /& parameters was set to 0.05. Full lines repre-
sent the Cloutis Measurements [2] of coarse (green)
and fine (fine) magnetite grains.
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Figure 2. Coarse grain Hapke+Mie reflectance versus
wavelength for smoothed (blue) and unsmoothed (red)
imaginary refraction indices.
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To understand the origin in of the internal variance of
the Hapke+Mie curves we smooth the imaginary com-
ponent of the refraction index. In Figure 2 we demon-
strate that the reflectance for smoothed and un-
smoothed refractive indices are very similar ruling out
the fluctuations in the derived imaginary indices via
the Hapke model. This suggests that the high frequen-
cy sinusoidal behavior likely arises from the construc-
tive and destructive interference patterns associated
with the Mie code.
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