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ABSTRACT

Electron spin resonance spectra were recorded for 13 halloysite samples of 

various geneses and morphologies. The spectra are similar to those of kaolinite.

Signals near g=4 are due to Fe3+ at the octahedral sites of halloysite as confirmed 

by Fe determination after dithionite treatment. A very broad signal around g=2

is attributed to Fe minerals coexisting as impurities, and therefore ESR is useful in 

distinguishing between these two kinds of Fe. 

Key words: ESR, Halloysite, Fe content, Morphology

INTRODUCTION

Halloysite is an important clay mineral of extensive occurrence, even though it does 
not seem to have a stability field on phase diagrams (Roy and Osborn, 1954). It is 
formed either by weathering, or by hydrothermal alteration, and can constitute large-
scale kaolin deposits, e.g. Hong Kong and Hadong (South Korea). Variation in mor-

phology of halloysite has been revealed by Sudo (1951, 1953), Birrell et al. (1955), 
Sudo and Takahashi (1956), Dixon and McKee (1974), Nagasawa and Miyazaki (1976),
and others, and the relations between morphology and other mineralogical properties 
as well as genesis were discussed by Nagasawa and Miyazaki (1976). Tazaki (1982) and 
Noro (1986) showed that the morphology of halloysite is related to its chemical com-

position, especially to its Fe content. 
Many electron spin resonance (ESR) studies were carried out for kaolinite (e.g. 

Angel and Hall, 1973; Jones et al., 1974; Angel et al., 1974; Meads and Malden, 1975; 
and Mestdagh et al., 1980), and this method has proved itself useful in elucidating the 
state of iron in kaolinite. But, as far as the writers know, no ESR study was made for 
halloysite yet, except for Eureka halloysite examined by Meads and Malden (1975). 
This paper gives ESR spectra and other mineralogical properties of halloysites of various 
morphologies and geneses, along with discussion on the relations between them.
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MATERIALS AND METHODS

Thirteen halloysite samples with various geneses and morphologies were examined 

together with 4 samples of other minerals as reference (Table 1). 

Some mineralogical properties are shown in Table 2. (H10/A)56 is the ratio (height 

of the 10A maximum of the basal reflection)/(area of the basal reflection ranging from 

ca. 7 A to ca. 10A) measured on X-ray diagrams in which 1•‹ 2ƒÆ=1 cm, recorded for 

oriented aggregates dried at 56% R.H., that is under the vapour pressure of saturated 

Mg(NO3)2 solution. This ratio was used by Nagasawa and Miyazaki (1976) as a measure 

of stability of the interlayer water. Three halloysites for which this ratio is in blank con-

tain small amounts of kaolinite, as shown by X-ray diffraction for half-dried samples. 

Morphological types in the table are according to Nagasawa and Miyazaki (1976): L 

means long tube, T, tube, B, ball, S, scroll, and P, plate. Electron micrographs are shown 

in Fig. 1. 

X-band ESR spectra were recorded at room temperature with a JEOL apparatus, 

JES-FE1XG. Halloysite samples and reference allophane and goethite had been dried at

TABLE 1. Samples examined
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TABLE 2. Mineralogical properties

Kakino 1F

Tajimi 12

Morowa 1F

Naegi 69

FIG. 1. Electron micrographs. Bar scale -1ƒÊm.
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Naegi 72

Iki 1

Komaki 116A

More 1

Imaichi

Naegi 60

Komaki 1188

Chitose

FIG. 1. (continued)
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Yame 9

(continued)

110•Ž for 2 hours, and they, as well as kaolinite, were put into silica-glass tubes of 4 

mm in inner diameter to the depth of about 28 mm. Instrumental conditions were the 

same throughout. 

Determination of Fe content was carried out both before and after removal of Fe 

oxides. The Fe removal was done by reducing samples with sodium dithionite powder in 

0.3 M sodium citrate -1 M NaHCO3 solution (Jackson, 1956). Fe was determined by 

atomic absorption for samples decomposed with HCl-HF.

RESULTS AND DISCUSSION

ESR spectra of 13 halloysite samples and 4 samples of other minerals are shown in 
Figs. 2 and 3, respectively. These halloysite spectra are similar to those of kaolinite 
which are characterized by signals near g=4 and near g=2. The signals for kaolinite 
near g=4 are attributed to Fe3+ at the octahedral sites (Jones et al., 1974; Meads and 
Malden, 1975). It holds true also for halloysite; Table 3 shows that halloysite with large 

g=4 signals contains a large amount of structural Fe, that is Fe after the dithionite 
treatment. The line shape of g=4 signals depends on the distortion of the crystalline 
field around Fe3+. In the case of kaolinite, the line shape varies from sample to sample 
and may be related to the degree of stacking disorder (Jones et al., 1974; Meads and 
Malden, 1975). The present results indicate that long tubular halloysite shows complex 

group of signals near g=4 in contrast to spheroidal halloysite with a single signal. This 
fact implies that the long tubular halloysite has more ordered structure . The signals for 
kaolinite near g=2 are attributed mainly to lattice defects probably related to substitu-
tion of Mg for Al (Angel et al., 1974). Some halloysites show signals in this region. 
Tajimi 12 which shows distinct signals here contains a considerable amount of kaolinite. 

In addition to the signals mentioned above, some halloysites show a very broad signal 
around g=2. Imaichi, Iki 1, Chitose, and Yame 9 are examples. This signal may be due 
to spin interaction between closely situated Fe3+ ions, and therefore is attributed to 
contamination with Fe minerals, for example hydrous Fe sesquioxides. The spectrum 
for goethite in Fig. 3 confirms this inference. Thus, ESR is useful as a fast and reliable 
way to distinguish structural Fe from Fe contamination.
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FIG. 2. ESR spectra for halloysites. The amplitude of the spectra written by 
dashed lines is reduced to 1/5 of that of the others.

No simple relationship is noticed between ESR spectrum and Fe content on the one
hand and genesis and mineralogical properties in Table 2 on the other, except for a 
tendency that long tubular halloysite does not contain much structural Fe and has rela-
tively ordered structure. Based upon the data for a part of the present samples, the 
authors reported that halloysite of weathering origin can be divided into two types: 

(1) halloysite A, which was formed by weathering of granitic rocks or matrix of sand, 
has long tubular shape and contains less structural Fe, and (2) halloysite B, which was 
formed by weathering of pyroclastics, takes a spheroidal shape and contains more struc-
tural Fe (Nagasawa and Noro, 1987). However, it is important to note that the mor-

phology is not always determined by Fe content; some spheroidal halloysites formed by
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FIG. 3. ESR spectra for kaolinite, allophane, and goethite. The amplitude of 
goethite spectrum is reduced to 1/10 of that of the other three. 

TABLE 3. Fe content*

*Expressed by weight percentages referred to materials dried at 110•Ž for more 

than 12 hours.
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post-depositional alteration of pumice, for example Tajimi 12 and Naegi 69, are low in 
Fe.
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