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Abstract—Selective-dissolution techniques by ammonium oxalate (OX), dithionite-citrate-bicarbonate
(DCB), and dithionite-ethylenediaminetetraacetic acid (D-EDTA), and X-ray diffraction and Mossbauer
spectroscopy were used to identify and characterize iron oxides and oxyhydroxides in the <2-mm, <50-
u.m, and <2-u.m size fractions of a Mollisol from Bahi'a Blanca, Argentina. Iron compounds are present
at low concentrations in mixtures with quartz, Na-rich feldspar, illite, interstratified illite-montmorillonite,
and traces of kaolinite. Total Fe and Al content increases as soil particle size decreases, from 4.3 and
13.3 wt. % in the <2-mm size fraction to 8.5 and 22.8 wt. % in the clay fraction (<2 u,m), respectively.

, No more than 25—30% of the total Fe is associated with the crystalline and the amorphous Fe oxides.
Weakly ferromagnetic hematite and goethite were identified in the different fractions. These phases have
small particle sizes and/or low crystallinity. They may also have Al for Fe substitutions. Crystalline
magnetite or maghemite is rare. These Fe-rich phases are probably coating coarser particles.

The efficiency of Fe removal is highest for the D-EDTA treatment and least efficient for the OX method,
for all fractions. The opposite is true for Al removal. Poorly crystalline hematite and goethite, which are
soluble in oxalate, are only present in the coarser fractions. Poorly crystalline and crystalline hematite
and goethite, which are soluble in DCB and EDTA, are present in coarser fractions, but do not occur in
the clay fraction. DCB treatment probably dissolves Al in the 2:1 type phyllosilicates occurring in this
soil, whereas D-EDTA dissolves Fe in the hydroxy interlayers of the smectite minerals or in the silicate
phases.
Key Words—Ammonium-Oxalate Dissolution Treatment, Chemical Analysis, Dithionite-Citrate-Bicar-
bonate Dissolution Treatment, Dithionite-Ethylenediaminetetraacetic Acid Dissolution Treatment, Molli-
sols, Mossbauer Spectroscopy, X-ray Diffraction.

INTRODUCTION

Iron oxides and other minerals, with portions of
their structure having a variable charge, are major
components in many acid soils, and these materials
greatly affect soil adsorption. Soils from temperate re-
gions have minerals which have a permanent charge
rather than a variable charge on a portion of their
structure and these minerals dominate. In these soils,
many properties of soil adsorption are largely con-
trolled by the metal oxides and oxyhydroxides present
in the different soil fractions. In general, the amount
of adsorption depends on surface area, chemical com-
position, cation-exchange capacity (CEC), and the de-
gree of coating of the oxide or oxyhydroxide on the
phyllosilicate present (Kinniburgh and Jackson, 1981).

Although these oxides and oxyhydroxide com-
pounds have been extensively studied by numerous
authors in different soil types (Gangas et al, 1973;
Kodama et al, 1977; Bigham et al, 1978; Campbell
and Schwertmann, 1984; Vandenberghe et al, 1986),
there is little chemical and mineralogical data available
on iron-oxide composition in Argentinian soils (Aguir-
re, 1987; Saragovi et al, 1994; Mijovilovich, 1997;
Mijovilovich et al, 1998).

As a group, Mollisols occur in regions of high soil
fertility and fair-to-adequate rainfall so that they prob-
ably comprise the world's most productive agricultural
soil. The soil described in our study, a drier Mollisol,
has weakly developed profiles (Ap, A,, and AC hori-
zons) with a solum thickness of 40 cm and a calcic
typical horizon Ck.

Lack of aggregate stability, low amount of organic
matter, and high content of silt and fine sand produces
a structureless mass during drying, making cultivation
difficult or impossible until the profile is re-wetted.
This condition may be related to the presence of iron
oxides and oxyhydroxides, because these soil compo-
nents act to coat and bind agents among soil particles
(Aguirre, 1987).

Selective-dissolution techniques, X-ray diffraction
(XRD), and Mossbauer spectroscopy (MS) are com-
monly applied to identify soil iron oxides and oxy-
hydroxides. Iron oxides and oxyhydroxides may rep-
resent the smallest particle fraction present, and the
crystallinity of these phases may be very poor. These
characteristics demand very careful analysis involving
sensitive techniques for mineral identification. Iron ox-
ides showing poor crystallinity, for instance, yield
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<30-nm grain size should show superparamagnetic
behavior.

Note (Table 4) that the SI and S2 signals indicate
that Fe3+ was extracted from the sample and the para-
magnetic Dl signal indicates this to a lesser extent;
the Dl signal decreases in all fractions, although this
effect is more apparent after D-EDTA treatment. Since
superparamagnetic oxides do not occur at temperatures
as low as 15 K, this extracted paramagnetic Fe3+ must
originate in clay minerals. The methods of DCB and,
in particular, D-EDTA may be removing Fe from sil-
icate phases (including the clays) or minerals with hy-
droxy interlayers. The lack of collapse of the smectite
after D-EDTA treatment (Figure 6) indicates that the
presence of Al is predominant over Fe in the hydroxy-
interlayer material. The possibility of the presence of
very low crystallinity and/or highly Al-substituted Fe
oxides can not be discarded because such phases may
be detected if temperatures <15 K were used in the
VIS experiments. On the basis of the D2 doublet, there

s little Fe2+ and it is not affected appreciably by chem-
cal treatment.
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