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BACKGROUND
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Anthropogenic soils present challenges for
characterization and monitoring due to their strong
contrasts with surrounding natural soils and their
high spatial heterogeneity. Using visible and near
infrared (VNIR) spectroscopy can potentially offer
a less expensive and more rapid assessment
method for anthropogenic soils, as specific
spectral features can be associated with different
soil properties.
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Figure 1. Example pedon profile of soil formed in
lime spoils reclaimed with biosolids.

METHODS

In 2018, 11 soil profiles in Barberton, OH were
sampled horizon-wise from a site with a legacy of
soda ash production waste deposition (lime spoils)
and recent reclamation through biosolids
application and revegetation. The lime spoils were
initially composed of primarily calcium oxide (CaO)
and calcium carbonate (CaCO3), with minor
amounts of calcium hydroxide (Ca(OH)2). It was
hypothesized that any CaO rapidly hydrated to
form calcium hydroxide with CaCO3 left over from
the original soda ash reaction. Applied biosolids
during reclamation likely provided a source of
Sulfur (S) which may lead to the formation of
transient calcium sulfate minerals. We hypothesize
that the presence of calcium sulfate minerals in
these soil profiles is a significant indicator of
weathering, as the neoformation and dissolution of
these minerals is strongly tied to initial
pedogenesis in these soils. Using the 1748 nm
spectral peak associated with gypsum
(CaSO4·2H2O)1, VNIR spectroscopy can be
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Figure 3. Relationship between total inorganic carbon content
(TIC) and gypsum as estimated by VNIR.

Sampled 11 representative soil profiles
Total elemental analysis by x-ray
fluorescence2 and inorganic carbon by the
gasiometric method3
Extracted 1748 nm peak from continuum
removed VNIR spectra4 for each sample

RESULTS
-The 1748 nm gypsum peak was positively
correlated to total S content.
-The 1748 nm gypsum peak is weakly negatively
related to total inorganic carbon (TIC).
-Each soil profile varies widely in the amount of
gypsum that is present, indicating high spatial
heterogeneity in pedogenesis and weathering of
lime spoils across the soil profiles.
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Figure 2. Relationship between gypsum as estimated
by VNIR and total S content.
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INTRODUCTION

utilized to estimate the degree of pedogenesis
taking place in each soil profile using gypsum as a
proxy.

-The wide variance in gypsum content across the
11 soil profiles (Fig. 4) indicates high spatial
heterogeneity in pedogenesis and weathering of
lime spoils across the soil profiles (Fig. 1). This
supports the rationale that VNIR specific peaks
are useful as rapid tools to monitor and
characterize anthropogenic soils.
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Figure 4. Profile depth distribution of estimated gypsum content.

DISCUSSION
-1748 nm gypsum peak’s strong positive relation
to S (Fig. 2) indicates that much of the sulfur
content in these soils may be attributed to
gypsum. This adds to the viability of gypsum as an
indicator of rapid pedogenesis at this site.
-The relationship between TIC and the 1748 nm
gypsum peak (Fig. 3) shows that the formation of
gypsum is weakly correlated to weathering of lime
spoils in this site, although it is difficult to tell which
of these processes is occurring first.
-The weakness of this relationship (Fig. 3) may be
explained by the presence of other calcium sulfate
minerals such as ettringite and thaumasite. These
minerals could form in place of gypsum in some
cases, potentially where biosolids content is higher
which adds aluminum and silicon to the system.

-The unequal distribution of gypsum by depth (Fig.
4), where levels are high at the surface, decreased
at moderate depth, and sometimes maxed out at
depth, imply the potential existence of other
calcium sulfate minerals such as ettringite and
thaumasite.
-The 1748 nm peak in a continuum-removed VNIR
spectra can be used to estimate rapid
pedogenesis processes in unique anthropogenic
soils in a less expensive and more rapid manner.
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