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Abstract—The long, continuous deposition of dust in the Chinese loess plateau offers a unique
opportunity to study the nature of Fe oxide formation in a wide range of climatic conditions. A technique to
obtain quantitative estimates of the concentration of hematite and goethite in loess and paleosol samples is
reported. Experiments using diffuse reflectance spectroscopy on sets of laboratory mixed and natural loess
and paleosol samples show that it is possible to obtain rapid and quantitative estimates of the absolute
concentration of hematite and goethite in the Chinese loess sediments. Typical loess and paleosol samples
were deferrated using the CBD procedure to produce a natural matrix material to which hematite and
goethite in known weight percentages were added to produce a set of calibration standards. Spectral violet,
blue, green, yellow, orange, red and brightness of standards were calculated from the reflectance data and
served as independent variables for a multiple linear regression analysis. The effect of changing matrix
from loess to paleosol was overcome by including a variety of different loess and paleosol samples in the
regression equations. The resulting calibration equations provide estimates of wt.% hematite and goethite
and have correlation coefficients >0.93. The total measured hematite and goethite concentrations exhibited
consistent variations with CBD extractable iron. Tests of the equations for buffering changes in matrix
composition were run with samples of varying mineralogical composition (calcite, illite, etc.) and
demonstrated that the equations are well buffered for changes in matrix composition from loess to paleosol.
Key Words—Diffuse Reflectance Spectroscopy, Goethite, Hematite, Loess, Multiple Regression.

INTRODUCTION

Changing color is one of the most striking features of
Northern mid-latitudes loess-paleosol sequences; the
loess is light yellow and the interstratified paleosol
reddish brown. The alternation of paleosol and loess
units in the Loess Plateau records a succession of
important environmental changes, with intervals of high
dust influx alternating with intervals marked by lower
dust influx and enhanced pedogenesis (An et al., 1990,
1991). Even though color has been used as a descriptor
of the loess profile and many generalizations have been
drawn from color determinations (Liu, 1985; Kukla and
An, 1989; Porter, 2000), the concentration of goethite
and hematite responsible for these color variations in the
loess sequence, has never been determined; the magnetic
Fe oxide minerals in loess sequences, however, have
been well studied mainly by magnetic measurement and
Mossbauer analysis in combination with citrate-bicarbo-
nate-dithionite (CBD) treatment (Heller et al, 1993;
Verosub etal., 1993; Heller and Evans, 1995; Fine et al,
1995; Liu et al, 1999; Vidic et al, 2000). This lack of
information concerning hematite and goethite probably
results from difficulty identifying these minerals at the
low concentrations typical of soils and sediments with
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standard techniques. Under optimal circumstances the
detection limit of X-ray diffraction (XRD) for hematite
or goethite is ~1 wt.%. Mossbauer spectrometry pro-
vides the relative proportion of Fe phases and is rather
time consuming. Selective chemical extraction techni-
ques are slow and analytically difficult, and do not
distinguish hematite from goethite. The combination of
CBD-extracted Fe and oxalate-extractable Fe has been
commonly used to get an independent estimate of
crystalline Fe (hydr) oxides in soils, but it cannot be
used to estimate the amount of hematite and goethite in
the Chinese loess samples because of the common
presence of much fine-grained maghemite (Verosub et
al., 1993; Fine et al, 1995; Liu et al, 1999).

Diffuse reflectance spectroscopy is especially sensi-
tive to Fe oxides and oxyhydroxides in soils and
sediments and has been used as an ancillary method to
identify and estimate Fe oxides in soils and sediments
(Kosmas et al, 1986; Fernandez, 1988; Deaton and
Balsam, 1991; Torrent and Barron, 1993; Malengreau et
al, 1994; Cornell and Schwertmann, 1996; Scheinost et
al, 1998). The most frequently used aspects of
reflectance spectra as an indicator of Fe oxides include
soil color (Torrent et al, 1983; Barron and Torrent,
1986; Barron and Montealegre, 1986; Scheinost and
Schwertmann, 1999), first and/or second derivatives of
the reflectance spectrum (Kosmas et al, 1986; Deaton
and Balsam, 1991; Malengreau et al, 1994; Scheinost et
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