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THE VISIBLE DIFFUSE REFLECTANCE SPECTRUM IN RELATION TO THE COLOR
AND CRYSTAL PROPERTIES OF HEMATITE
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Abstract—Hematite (a-Fe2O3) possesses distinct spectral properties which facilitate its identification in
mineral mixtures. This paper reports the relationships between the visible diffuse reflectance (DR)
spectrum and the color and crystal properties of a group of 81 natural and synthetic hematites. The visible
DR spectra for powdered hematite samples diluted to 4 wt.% with BaSO4 white standard were recorded
and used to calculate the corresponding Munsell colors. The second derivative of the Kubelka-Munk
function of the DR was used to estimate the position and intensity of the main absorption bands, which
occurred at ~435, ~485 and ~545 nm. The Munsell hue ranged from 9.5P to 5.3YR and was negatively
correlated with the position of the ~545 nm band, so it became yellower as the band shifted to shorter
wavelengths (higher energies). The Munsell value, which ranged from 4.9 to 8.6, and chroma, which
ranged from 1.4 to 8.3, were negatively and positively correlated, respectively, with the intensity of the
~545 nm band, the position of which exhibited a weak negative correlation with the degree of Al
substitution (x). The position and intensity of this band also exhibited a weak negative correlation with the
specific surface area (SSA); both, however, were uncorrelated with domain shape as measured by the ratio
between the X-ray mean coherence lengths (MCLs) in the [110] and [104] directions. The properties of the
~435 and ~485 nm bands were unrelated to x, SSA or MCLi |0/MCL104- The negative relationship between
the position of the ~545 nm band and x does not support the assignment of this band to the 2(6A[) ->
2(4Tig(

4G)) electron pair transition (EPT), which relates to the to Fe3+—Fe3+ magnetic coupling between
face-sharing octahedra. The ~485 nm band might reflect a 'goethitic' structural component in Fe-defective
hematites as it appears at the same wavelength as the hypothetical EPT related to Fe3+—Fe3+ magnetic
coupling between edge-sharing octahedra in goethite (a-FeOOH).
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INTRODUCTION

Hematite exhibits characteristic spectral properties
that facilitate its identification in soils {e.g. Torrent et
al., 1983), sediments {e.g. Torrent and Schwertmann,
1987) and planetary surfaces {e.g. Morris et al., 1993),
as well as its discrimination from other Fe oxides and
hydroxides (Malengreau et al., 1996; Scheinost et al.,
1998; Scheinost and Schwertmann, 1999). Various
regions of its spectrum have been analyzed for these
purposes. For instance, the presence of red (pigmentary)
hematite in the bright regions of Mars was inferred from
some inflections in the visible spectrum {e.g. Morris et
al., 1997); also, coarse-grained (>5-10 urn) hematite
was identified in the Mars Sinus Meridiani on the basis
of vibrational absorption features centered in the IR
(300, 450 and >525 cm"1) (Christensen et al., 2000).

Particle size and shape, and crystallochemical proper-
ties, exert a strong influence on the hematite spectrum.
For instance, Morris et al. (1992) found Al substitution
to affect the position of the ligand-field 6Ai —• 4 T| g

transition (centered in the near IR) in <0.5 um hematite
crystals. Therefore, spectral properties might, in princi-
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pie, be useful to investigate some hematite properties.
The color of hematite results from several ligand-

field transitions within the visible range (~380—770 nm)
and the strong influence of ligand-to-metal charge-
transfer transitions at ~250 nm in the UV (Sherman
and Waite, 1985). Diffuse reflectance spectra for
hematite show that the position and intensity of the
bands corresponding to ligand field transitions vary
widely (Scheinost et al., 1998), and so does color
(Scheinost and Schwertmann, 1999). Several studies
suggest that these variations are caused by particle size
{e.g. Morris et al., 1985), Al substitution (Barron and
Torrent, 1984), the presence of structural P (Galvez et
al., 1999) and, possibly, X-ray domain shape (Morris et
al., 1992). Unfortunately, some of these factors are
covariant (e.g. Al substitution and particle shape) and
most relevant studies have focused on a few series of
samples synthesized in a similar way {e.g. Van San et
al., 2001). The available information is thus of limited
help in the identification and characterization of
hematite in single- and multi-mineral samples. In this
work, the visible DR spectra for a large number of
widely different synthetic and natural hematites were
used to examine (1) the relationships between color and
spectral properties, and (2) the effect of crystal proper-
ties on the hematite spectrum.
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