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Introduction

Iron-bearing montmorillonites of hydrothermal and sedimentary 

origins in Japan were reported by SUDO (1959), but almost no reliable 

data has been given of these minerals from the pedosphere of Japan. 

In the present investigations, therefore, two samples consisting of 

these minerals of the latter type were examined. The one was 

ochreous landslide clay derived from Tertiary tuffaceous shale at 

Kirinai, north-east foot of Mt. Moriyashi, Akita Prefecture and the 

other yellow weathering crust from Tertiary tuff breccia, at Kawa-

uchi, Shimokita Peninsula, Aomori Prefecture. A commercial " Hojun 

Bentonite ", a national standard of the normal dioctahedral mont-

morillonite, was used as a reference material. 

From each material, -2ƒÊ fraction was extracted by usual sedi-

mentation technique, and saturated with Ca ion. Investigations by 

X-ray diffraction, thermal analysis, infra-red spectra, electron micro-

graph and chemical analysis were made of this specimen.

A part of this paper was presented before the 8th Annual Symposium 
of the Clay Science Society of Japan, on Nov. 11, 1964, at Kyoto University. 
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Experimental results. 

Major constituent mineral of these two clay specimens was 

previously reported to be montmorillonite by means of the X-ray 

diffraction (YATSU, 1965; MATSUI, 1965). Although the apecimens 

include considerable amounts of iron as shown in Table 1, the free 

Table 1. Chemical composition of-2ƒÊ fractions.

iron oxide liberated by citrate-dithionite method (AGUILERA and 

JACKSON, 1953) amounts to only 2.60% in Kiritani and 1.77% in Kawa-

uchi Clay (Table 2). Despite that more than 80% of total Fe2O3 still 

remained in the specimen after ferric oxide removal, the yellowish 

Table 2. Contents of free sesquioxides liberated 
by the citrate-dithionite method*.
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hue of the specimen faded away and turned to bluish green color. 

This suggests that considerable amounts of Fe may substitute for 

the lattice points. These montmorillonite must be of iron-bearing 

species. 

The.060 spacing of Kirinai Clay is 1.537A (Table 3), indicating 

the trioctahedral structure of this montmorillonite. High content of 

MgO (13.05% in Table 1) in this specimen also shows that the mont-

morillonite species is of Fe-saponite as reported by MIYAMOTO (1957). 

On the other hand, the 060 spacing of Kawauchi Clay is 1.507 which 

shows the dioctahedral structure. As the salculated value of the bo 

is 9.07A, it can be expected that Fe" ions in this montmorillonite 

species substitute for Al3+ ions in the octahedral coordination to form 

nontronitic Fe-montmorillonite (MACEWAN, 1951). Chemical compo-

sition (Table 1) and X-ray data. (Table 3) of this specimen show an 

intermediate nature between the typical nontronite (KERR, et al, 1950) 

Table 3. X-ray diffraction data for powder specimens.
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and Fe-montmorillonite (Sum and OTA, 1952). 

X-ray diffractograms of basal reflections of the oriented clay 

specimens are shown in Figs. 1 and 2. In Kirinai Clay, the 15.2A 

reflection in non-treated specimen contracts to 10.0A by heating, 

expands to 17.0A by ethylene glycol solvation, and contracts to 12.4A 
by boiling for 10 minutes in N NH4NO3 solution. But in 6N HCl so-
lution it thoroughly collapses by warming it on a water-bath for 
30 minutes. These behaviors of the basal reflection may prove the 
aforesaid assumption that the montmorillonite species of this speci-
men is Fe-saponite. In Kawauchi Clay, the 16.6A reflection in the 
non-treated specimen contracts to 9.9A by heating, expands to 19.5A 
by glycerol solvation, contracts to 12.9A and 12.8A by boiling in

Fig. 1. X-ray diffraction patterns of Kirinai Clay (-2ƒÊ) after various 

treatments in parallel orientation using Cu-Ka radiation. 
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Fig. 2. X-ray diffraction patterns of Kawauchi Clay (-21.1) 

after various treatments in parallel orientation using Fe-Kƒ¿ 

radiation.

N NH4NO8 and NNa-citrate-NKC1 treatments, respectively. Although 

the basal reflection tends to collapse by 6N HCl treatment, it is not 

so completed as observed in Kirinai Clay. These facts seem to lend 

credence to the assumption that this specimen is an intermediate 

one between nontronite and Fe-montmorillonite. 

The DTA curves of these specimens are shown in Fig. 3. Dis-

tinct double endothermic dehydroxidation peaks appear at 780•‹ and 

840•Ž without a subsequent clear exothermic peak. This seems to 

be quite accordant with the general characteristics of saponite 

minerals (SUDO, 1959). In Kawauchi Clay, however, a dehydroxy-

lation peak appears at 560•Ž, which is much lower than those of 

Kirinai Clay and Hojun bentonite or of the typical dioctahedral 

montmorillonite. This feature is considered to be due to a consider-
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Fig. 3. DTA curves of —2p fractions.

able replacement of Al3+ by Fe3+ in the octahedral coordination in 

nontronite (GRIM, 1953). But the clear double endothermic peaks at 

1090•‹ and 1115•Ž which are followed by a clear exothermic one at 

1200•Ž as seen in Kawauchi Clay have not been reported in normal 

nontronitic minerals. The case of these peaks is sill open to question. 

 Dehydration curves are shown in Fig. 4, in which Kirinai Clay 

shows two phases corresponding to those observed in the DTA curve. 

That of Kawauchi Clay is continuous except the clear dehydration

Fig. 4. Dehydration curves of 2ƒÊ fractions. 
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between 100•‹ and 200•Ž. 

Infrared absorption spectra are shown in Fig. 5. The absorption 

at 915 cm-2 assigned to Al3+ ions in the octahedral coordination 

appears distinctly in Hojun bentonite, while that in Kawauchi and 

Kiritani montmorillonite which include Fe3+ ions in the octahedral 

coordination almost disappears. In nontronitic Kawauchi Clay, this 

band shifts to 815 cm-1 which may be produced by the substitution 

of iron for aluminum in the octahedral coordination in nontronite 

(GRIM and KULBICKI, 1961). On the other hand, in saponitic Kiritani 

Clay, neither 915 nor 815 cm-1 band is present as indicated by GRIM 

et al (1961). In short, the infrared absorption data also support the 

aforesaid identification of these minerals.

Fig. 5. Infrared absorption spectra of 2ƒÊ fractions.

The electron micrographs are shown in Plate 1. Kirinai Clay 

consists mainly of thin flakes with some needle-like and fibrous crys-

tals, which are often found in saponite. On the other hand, Kawa-

uchi Clay are dominated by very thin fluffy masses which are common 

in normal montmorillonite. The characteristic laths which are often 

found in nontronite, can hardly be found in this specimen. 

(36)



123

Plate 1. Electron-micrographs of-2ƒÊ fractions.
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Discussion 

Nearly all analytical data show that Kirinai Clay is mainly 

composed of iron-saponite, while Kawauchi Clay consists largely of 

nontronite-montmorillonite intermediate. Then, the structural for-

mulas of these clays are calculated after Ross and HENDRICKS (1945), 

on the basis of chemical compositions. The chemical compositions 

in Table 1 were corrected for the free gels contents (Table 2), 

assuming that these specimens are perfectly free from any other 

impurities. Thus, the following formulas are obtained. 

Kirinai Clay : (K, Na, Ca/2)0.8?(Fe8 0.69Mg1.56) 

(A10.75Si8.25) O10(OH)2•EmH2O 

Kawauchi Clay : (K, Na, Ca/2, Mg/2)0.39(Al1.21Fe3+0.67) 

(Al0.09Si3.91) O10(OH)2•EmH2O 

 From these formulas, it may be safely said that Kirinai Clay 

consists mainly of iron-saponite in which about 30% of octahedral 

Mg ions are substituted by Fe3+ ions and about 20% of tetrahedral 

Si ions by Al ions. On the other hand, Kawauchi Clay is composed 

largely of nontronitic dioctahedral montmorillonite in which about 

36% of octahedral Al ions are replaced by Fee+ ions and about 2% 

of tetrahedral Si ions by Al ions. 

Conclusion 

Both an ochreous land-slide clay (Kirinai Clay) and a yellow 

weathered clay (Kawauchi Clay) include nearly 80% of total Fe203 

even after removal of free ferric oxide by the citrate-dithionite 

treatment, which turns the colors of these clays to grey or bluish-

green. The MgO content of Kiritani Clay is 13%, while that of 

Kawauchi Clay is very low. X-ray diffraction data show that the 

Kirinai Clay is dominated by trioctahedral iron-saponite, and Kawa-

uchi Clay by dioctahedral nontronite—Fe-montmorillonite intermediate. 

The former tends to be easily broken by HCl digestion,. while the 

latter is inclined to resist against this treatment. The results of 
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thermal and infrared absorption analyses seem to support the afore-

said diffraction data. Electron micrograph of Kirinai Clay shows 

typical features of saponitic minerals, but that of Kawauchi Clay 

does not include the peculiar lath of nontronite but fluffy masses as 

in typical montmorillonite. 

The structural formulas of these clays are calculated on the 

basis of the corrected chemical compositions by subtracting free iron 

gels contents, supposing that these specimens are purely mono-

mineralic. In Kirinai Clay, about 30% of octahedral Mg ions are 

substituted by Fe3+ ions. In Kawauchi Clay, on the other hand, 

about 36% of octahedral Al ions are replaced by Fe3+ ions, though 

the substitution ratio of Al for Si in the tetrahedral coordination 

seems to be considerably low as compared with the tipycal nontronite. 
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