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Minerals are the major component of most soils. Through direct inheritance from the parent material and sub-
sequent alteration by chemical weathering, the soil mineral composition can be spatially diverse - reflecting the
local geology, climate, and age of the soil. Each mineral present within the soil environment exhibits a character-
istic chemical composition, crystal structure and solubility, thus soil mineralogy is a key component affecting the
sources and availability of plant nutrients.

X-ray powder diffraction (XRPD) is consistently found to be the most accurate analytical technique for identifying
and quantifying minerals in soil. As part of the Africa Soil Information Service (AfSIS) dataset, approximately
2000 soils from sixty 10 x 10 km ‘Sentinel’ sites across sub-Saharan have been analysed by XRPD, each with cor-
responding measurements of total (X-ray fluorescence analysis) and/or extractable (Mehlich-3 extraction) nutrient
concentrations (B, Mg, K, Ca, Mn, Fe, Ni, Cu and Zn). This combination of soil mineral and nutrient data can be
used to understand the sources of nutrients in soil and their availability to plants.

The identification and quantification of minerals from soil XRPD data is often found to be challenging and time
consuming, which creates difficulty when handling large datasets such as that of AfSIS. However, if the diffrac-
tograms from XRPD are treated as reproducible digital mineral signatures, data-driven approaches such as cluster
analysis can be applied that partition the data into a manageable number of mineralogically similar groups, facili-
tating easier interpretation of mineral–nutrient relationships in soil.

In this investigation, XRPD measurements from 940 AfSIS sub-soils covering all sixty Sentinel sites were classified
into mineralogically similar groups by applying the k-means clustering algorithm to pre-treated data (aligned,
square-root transformed and mean-centred). Use of nine clusters was found to provide optimum partitioning of
the data. Subsequent quantitative analysis of the mean XRPD pattern from each of these nine clusters yielded
approximations of the mineral composition that characterised each group. In doing so, clusters were found to
represent soils that ranged from 9−97 % quartz, with significant mineralogical diversity with respect to plagioclase,
K-feldspar, illitic clays, kaolinitic clays, expandable clays, carbonates and iron oxides. Crucially this mineralogical
variation across the nine clusters is reflected in all total and exchangeable nutrient concentrations with exception
only to extractable Zn. Here the contribution of minerals to nutrient availability and cycling in soils will be outlined
using the geochemical data and mineralogically defined clusters, and the potential of cluster analysis to be applied
to large soil XRPD datasets will be summarised.


