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abstraCt

To understand clay mineral transformations in hydromorphic conditions in the red earth sediments 
in Xuancheng, south China, clay mineralogy was investigated using X‑ray diffraction (XRD) and high‑
resolution transmission electron microscopy (HRTEM). The XRD results indicated that clay minerals 
in the hydromorphic soils were illite, kaolinite, smectite, vermiculite, and mixed‑layer illite/smectite 
and illite/smectite/kaolinite. Changes of the kaolinitic reflections under the various conditions sug‑
gested that the kaolinitic phase is a mixed‑layer structure having kaolinite layers randomly interstrati‑
fied with illite and smectite layers. HRTEM observation showed that 10 Å illite layers interstratified 
with both 15 Å smectite layers and 7 Å kaolinite layers in clay particles, confirming the occurrence 
of illite/smectite/kaolinite (I/S/K) three‑component mixed‑layer clays. The lattice fringes of the I/S/K 
clays appeared corrugated and vanishing, and also exhibited variable thickness along a lattice fringe, 
which were consistent with changes from illite to smectite, from smectite to kaolinite, and from illite 
to kaolinite, respectively. Hydromorphic conditions in the Xuancheng soils led simultaneously to the 
direct transformation of illite to kaolinite and the transformation of illite to smectite to kaolinite in the 
pedogenic processes, and the formation of I/S/K three‑component mixed‑layer clays as intermediate 
products of these processes.
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introduCtion

In supergene weathering processes, the pre‑existing clay 
minerals may transform into other clay species through a 
sequence of intermediate interstratified species formed prior 
to the formation of end‑members with increasing degrees of 
weathering and changes in climatic conditions (Singer 1980). 
During the formation of Alfisols, clay transformation is governed 
by the mobility of the elements released by mineral dissolution 
(Chesworth 1992). Illite is usually formed during diagenesis 
processes under relatively high temperatures and pressures, and 
is thermodynamically unstable in soil environments. In soils in 
moisture regimes where rainfall exceeds evapotranspiration, the 
percolating water carries out soluble ions such as K+ and thus 
induces K+ depletion in the illitic minerals. However, in soils of 
alternating moist and dry regimes where there is a distinct dry 
season, mineral dissolution and water percolation is restricted, 
and the limited chemical leaching reduces the alteration of illitic 
mineral (Bertsch and Thomas 1985).

Alteration of illite in weathering profiles has been most often 
reported to weather to vermiculite or hydroxyl‑Al interlayered 
vermiculite (HIV) (Allen and Hajek 1989; Yin et al. 2013), 
smectite (Ismail 1970; Churchman 1980; Bonifacio et al. 2009; 
Churchman and Lowe 2012), and kaolinite (Wilson 2004). In 

a few instances it has been reported to weather to mixed‑layer 
illite/smectite (I/S), illite/kaolinite (I/K), illite/vermiculite (I/V), 
and kaolinite/smectite (K/S) (Hong et al. 2012, 2014; Han et 
al. 2014). The formation of mixed layer clay minerals of two‑
component systems is often reported in the weathering process. 
However, three‑component interstratification of the clay minerals 
in soils has rarely been recognized, as interstratification with 
three or more components is difficult to detect, in particular, if 
this phase is present in small amounts in a multiphase sample 
(Cradwick and Wilson 1978). The calculated XRD pattern meth‑
od provided a helpful approach to recognize three‑component 
mixed‑layer species in soils, and more and more results have 
proven that three‑component mixed‑layer clay minerals in soils 
are much more common than originally thought (Cradwick and 
Wilson 1978; Sakharov et al. 1999; Hubert et al. 2012; Dumon 
et al. 2014).

In the mid‑lower reaches of the Yangtze River, south China, 
Quaternary red earth sediments occur widely in the hills, terraces, 
coalesced alluvial pans, and parts of the piedmont belts, with a 
characteristic net‑like vein texture in the lower portion of the soil 
profile. A recent geochemical and isotopic study showed that 
the sediments have efficiently recycled materials of old fluvial 
deposits of the drainage basins of the mid‑lower Yangtze River, 
and have subsequently undergone intense chemical weathering 
(Hong et al. 2013). It is generally accepted that the formation 
of red earth sediments with a net‑like vein texture was linked to 
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