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absTracT

Fe-kaolinite has been detected in granite saprolite beneath sedimentary kaolin deposits in the Seto 
district of central Japan. Granite saprolite, which was found underneath sedimentary kaolin deposits 
formed in fluvial and lacustrine environments, had been subjected to kaolinization. The clay fractions 
of granite saprolite consist mostly of kaolinite with subordinate micaceous clay, quartz, and feldspars. 
Electron probe microanalysis (EPMA) showed that the kaolinite in clay fractions contained an aver-
age 3.30–3.72 wt% of Fe2O3, indicative of Fe-kaolinite. Fe+Si was inversely proportional to Al in 
Fe-kaolinite, indicating coupled substitution between Fe+Si and Al. The K2O contents of Fe-kaolinite 
increased with increasing Fe2O3 up to 0.77 wt%, whereas K did not correlate with other elements, 
suggesting that K was not contained with the structure of kaolinite but was present in its interlayers. 
X-ray absorption near-edge structure (XANES) spectroscopy showed that about 60 to 70% of Fe in 
the clay fractions is ferric iron, and extended X‑ray absorption fine structure (EXAFS) spectroscopy 
indicated that Fe is situated in octahedral sites replacing Al. Fe-kaolinite was likely precipitated by the 
infiltration of acidic groundwater with higher Fe and alkali contents into granite saprolite, accompanied 
by the intense kaolinization of sedimentary kaolin deposits.

Keywords: Kaolinite, coupled substitution, granite saprolite, ferric iron, EPMA, EXAFS, XANES, 
Japan

inTroducTion

Kaolin is a robust clay mineral with a simple chemical com-
position, Si2Al2O5(OH)4, and is the final weathering product of 
felsic rocks in temperate regions. Kaolin often contains detectable 
amount of Fe and Ti (Murray and Lyons 1959). Because Fe and 
Ti may cause undesired coloring of porcelain products made of 
kaolin clay, methods have been developed for removal of these 
elements from kaolin (e.g., Maynard et al. 1968; González and 
Ruiz 2006). Several studies have described the occurrence and 
mineralogy of Fe-bearing kaolin, in particular Fe-enriched lat-
eritic soils (e.g., Herbillon et al. 1976; Mendelovici et al. 1979; 
Tardy and Nahon 1985; Hart et al. 2002). A summary of the 
impediments in studies of Fe substitution within the structure 
of kaolinite found that the major issue was distinguishing Fe 
in kaolinite from other potential Fe-phases, such as oxides, 
hydroxides, silicates, and sulfides (Schroeder and Pruett 1996). 
These Fe‑phases may be present as submicrometer‑sized par-
ticles within kaolin clays. Methods used to study Fe-bearing 
kaolin include electron probe microanalysis (EPMA), electron 
paramagnetic resonance (EPR) spectrometry (e.g., Balan et al. 
1999), and infrared spectrometry (e.g., Delineau et al. 1994).

Fe-bearing kaolin (Fe-kaolinite) has been detected in granite 

saprolite beneath sedimentary kaolin deposits in the Seto district 
of central Japan. This Fe-bearing kaolin was found to have spe-
cific features, including its mixing with micaceous clay and its 
participation in the coupled substitution of Fe+Si for Al. This 
study describes the occurrence in the field of Fe-bearing kaolin 
and its mineralogy using X-ray powder diffraction (XRD), 
EPMA, scanning electron microscopy (SEM), and X-ray absorp-
tion fine structure (XAFS) spectroscopy. The substitution of Fe 
within kaolinite structure was identified, despite some of this Fe 
being incorporated into micaceous clay.

geological background

The Seto district
The Seto district of central Japan is in the southern half of 

the Seto-Tono kaolin field, the largest sedimentary kaolin field 
in the Japan Arc (Fig. 1). The formations containing kaolin 
deposits (lower Seto Group) consist of fluvial and lacustrine 
sediments of late Miocene to Pliocene (Nagasawa 1978). These 
formations occur as small-scale sedimentary basins 1 to 10 km2 
in size, with several sedimentary basins closely distributed in a 
10 × 10 km area. The lower Seto Group unconformably overlies 
late Cretaceous granitic rocks and is conformably overlain by 
thick coarse sediments (upper Seto Group) (Nakayama 1991).

Kaolin clay deposits. Most of the kaolin deposits originated 


