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Unraveling complex <2 µm clay mineralogy from soils using X-ray diffraction profile 
modeling on particle-size sub-fractions: Implications for soil pedogenesis and reactivity
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abstraCt

A specific methodology was developed to refine the complex clay mineralogy commonly encoun-
tered in soil environments. The soil examined was a Cambisol developed into a ferralitic paleosol. The 
sample was split into four sub-fractions of different particle sizes (<0.05, 0.05–0.1, 0.1–0.2, and 0.2–2 
µm), and their respective mass contributions to the overall <2 µm clay fraction were determined. For 
each sub-fraction, X-ray diffraction (XRD) patterns were modeled using a trial-and-error approach 
based on the direct comparison of experimental and calculated profiles. Quantitative information 
derived from the fitting procedure for the different sub-fractions allowed for the determination of 
the complex mineralogy of the <2 µm clay fraction through the identification and quantification of 
eight clay phases. The results show that the finest and most reactive clay fraction (<0.05 µm) was 
totally hidden in the XRD pattern of the <2 µm fraction, the fraction commonly considered in soil 
mineralogical analyses. Similarly, this procedure revealed the presence of illite-smectite-chlorite 
and kaolinite-illite mixed-layer minerals seldom described in soil literature using classical methods. 
The use of this methodology improved our understanding of the pedogenesis of this soil through the 
identification and quantification of clay phases structural properties. The analysis of the evolution of 
structural parameters with particle size allowed for the detection of local modifications in the interlayer 
composition of expandable and hydroxy-interlayered vermiculite layers. Following this approach, key 
information can be derived to determine subtle changes in clay mineralogical composition that are 
related to microorganism and/or plant activity.
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introduCtion

Clay minerals often represent one of the main components of 
soils. Because of their high exchange capacities, small particle 
sizes, and high specific surface areas, clay minerals exert a key 
influence on the chemical and physical properties of soils. They 
can control the hydration capacity and the fate of contaminants 
and plant nutrients within soils. As a consequence, clay miner-
als are crucial determinants of plant growth and plant nutrition 
(Dixon and Weed 1989) and are involved in many human ac-
tivities conducted on the Earth’s surface, e.g., agriculture and 
forestry (water holding capacity and nutrient retention), civil 
engineering (for controlling the behavior of soil structure), and 
environmental management (by limiting pollutant migration). As 
clay minerals react quickly to changing environmental condi-
tions (Bain 2007), an accurate determination of the nature and 
composition of clay minerals is of high importance to assess 
their actual, short- and long-term impacts on the functioning of 
soil environments. However, such a precise identification of clay 
mineralogy is extremely complex because of the specificity of the 
clay mineralogy encountered in soil environments and the het-
erogeneity in clay mineral chemistry and structure at the sample, 
crystal, and layer scales. Indeed, several types of clay minerals 
(kaolinite, chlorite, smectite, illite, mica, and others) commonly 

coexist within a wide range of particle sizes (from ~50 nm to ~5 
µm) but can also be observed as mixed-layer phases in which 
different types of clay layers coexist in the same crystal (Righi 
and Elsass 1996). Such a complex mineralogy can, however, be 
partially revealed and quantified by comparing experimental 
X-ray diffraction (XRD) patterns with profiles calculated by 
assuming discrete clay phases or mixed-layer minerals (MLMs) 
(Hubert et al. 2009).

In this study, the clay mineral composition of the <2 µm 
fraction of a complex Cambisol (Lusignan, France) was refined 
through an original approach based on the combination of XRD 
profile modeling and the characterization of different particle 
size fractions. This approach provides a sound methodology for 
the identification and quantification of clay phases coexisting 
in the <2 µm fraction. Moreover, the detail obtained concerning 
the evolution of structural parameters with particle size provides 
key information on the various pedogenic cycles responsible for 
the formation/alteration of clay mineralogy and the potential 
reactivity of clay phases in natural environments.

baCkground

Over the past half-century, studies dealing with clay minerals 
in soils have principally focused on understanding their origin 
or their alteration as a result of weathering processes (Wilson 
1999). Characterizations of clay minerals have been principally 
based on X-ray diffraction applied on the <2 µm soil fraction. * E-mail: fabien.hubert@univ-poitiers.fr


