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EVIDENCE FOR IMOGOLITE IN CANADIAN SOILS
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Imogolite, a fibrous aluminosilicate with a characteristic X-
ray and electron diffraction pattern (Russell et al., 1969; Wada
and Yoshinaga, 1969) and a structure closely related to that of
gibbsite (Cradwick er al., 1972) has most frequently been
found as a weathering product of pyroclastic materials in soils
derived from volcanic ash (Yoshinaga and Aomine, 1962;
Kanno et al., 1968; Besoain, 1968; Dingus et al., 1973; Wada
and Harward, 1974; Wada, 1977). Occasionally, imogolite has
been found in soils derived from parent materials other than
volcanic ash (Giménez and Jaritz, 1966; Jaritz, 1967; Tait et
al., 1978). Thus, imogolite is not unique to volcanic ash soils
and Tait ez al. (1978), prompted by their detection of imogolite
in several Scottish Podzol and Brown Forest soils, suggested
that it may be more widely distributed than is at present rec-
ognized. Hitherto, imogolite has not been positively identified
in Canadian soils, although Sneddon (1973) observed material
having a morphology similar to that of imogolite in Canadian
soils derived from volcanic ash. The present report gives pos-
itive evidence for the occurrence of imogolite in Canadian
soils.

The samples were taken from the southwestern area of Brit-
ish Columbia and are from the Bhfgj horizon of a well-drained
Ferro-Humic Podzol developed on marine-deposited material
and from a Bf, horizon of a well-drained Humo-Ferric Podzol
developed on loess over alluvial material (Table 1). The parent
materials contain abundant mafic minerals (amphiboles, py-
roxenes, chlorites) which were derived from the volcanic, sed-
imentary, and igneous rocks of the British Columbia coastal
mountains (Lord et al., 1978). The B horizon samples have
low pH and low contents of clay and exchangeable bases and
relatively high contents of organic matter (Table 2). Petro-
graphic examination of the dithionite-treated (Mehra and
Jackson, 1960) light-sand fractions (S.G. < 2.5) showed the
presence of a few volcanic ash grains which comprised ap-
proximately 0.1% and 1% of the Haney and Marble Hill total
sand fractions, respectively.

The samples were treated with H,O, to destroy organic mat-
ter and were dispersed at pH 4. The <2-um fraction was sep-
arated by sedimentation, and the <0.2-um fraction was ob-
tained by centrifugation. Analyses of these clays by X-ray
powder diffraction and extraction of amorphous clay constit-
uents with Tiron solution (Biermans and Baert, 1977) indicated
that approximately 70% of the Haney <2-um and 45% of the
Marble Hill <2-um fraction was amorphous or very poorly
crystalline. Presumably due to its low concentration, imogo-
lite was not detected by X-ray powder diffraction. After Tiron
extraction, chlorite and an interstratified chlorite-vermiculite
were virtually the only layer silicates present in both soil clays.

The electron micrographs in Figures 1 and 2 were obtained

with a Philips 300 electron microscope; they show fine clay
dispersed at pH 4, treated only with H,0,. The micrographs
show threads characteristic of imogolite. These threads were
still present after dithionite treatment, but were absent after
boiling the clay for 10 min in 2% Na,COj, solution. This indi-
cates that iron was not a principal component and that the
threads were not similar to the fibrous iron mineral particles
found in some soils of Japan and Scotland (Nakai and Yo-
shinaga, 1978). Dissolution of imogolite in 2% Na,CO, is not
characteristic of this mineral (Yoshinaga and Aomine, 1962)
and indicates that the imogolite in our samples is less crystal-
line than typical imogolite.

The electron diffraction pattern in Figure le shows reflec-
tions at spacings of 4.11, 3.5 (diffuse), 2.44, 2.10, and 1.39 A.
The arching of the 1.39 A reflection is characteristic of the fi-
brous imogolite structure and is due to the alignment of the
threads parallel to the arch direction (Russell ef al., 1969).
Additional reflections cited for imogolite at 5.7, 7.8, 11.8, and
21-23 A (Russell et al., 1969) cannot be seen in Figure le.
These reflections apparently are also missing in the electron
diffraction pattern shown by Tait et al. (1978) for imogolite in
Scottish soils. It is not yet clear in our investigation if this was
due to blocking of these refiections by the size of the diffrac-
tion aperture used (10-20 pum), to insufficient concentration
of imogolite (less than 3 to 5% of the fine clay), to inadequate
crystallinity and unsuitable orientation of the material, or to
slight differences from the true imogolite structure.

Figure 1f shows a typical aluminosilicate gel particle that
constitutes a major part of the fine clay. Its electron diffraction
pattern gives reflections at 1.16 and 2.02 A and, except for the
absence of a 3.3 A spacing, resembles the pattern of allophane
(Wada and Yoshinaga, 1969). High magnification of these par-
ticles failed to show the aggregation of 30-50 A diameter
‘‘spherules’” characteristic of allophane weathered from vol-
canic ash and pumice (Wada, 1977). Although the circular par-
ticles in Figures la, 1c, and le suggest the presence of sphe-
roidal halloysite, these particles in highly magnified
photographs do not show the curved shell structure, or the so-
called onion structure, which is typical of halloysite. Further-
more, electron diffraction did not show these particles to be
halloysite, nor did X-ray powder diffraction of the original
untreated clay indicate the presence of halloysite.

Because a small amount of volcanic ash was detected in the
Haney and Marble Hill samples, the imogolite may have
formed from volcanic ash. However, considering that this or-
igin is not necessary for imogolite (Tait ez al., 1978), it may
have formed from the weathering of other minerals, including
the abundant mafic minerals, in these soils. More evidence is
needed to clarify the origin of imogolite in these soils.

Table 1. Description of the soil samples.
Soil name Depth Major soil Parent
and location Horizon (cm) group material References
Haney, Haney Forest, B.C. Bhfgj 67-89 Orthic Ferro- Stony littoral Kowall and Glinka
49°15'50"N, 122°33'40"W Humic Podzol deposit (1978)
Marble Hill, Abbotsford Bf, 17-29 Sombric Humo- Silty loess over Lord et al.
Station, B.C. Ferric Podzol gravel (1978)

49°01'20"N, 122°33'40'W
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Figure 1.
inc,d, and e.

Table 2. Some physical and chemical properites of the soil samples.
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Electron micrographs of the fine clay of the Haney Bhfgj horizon in a, b, and f and of the Marble Hill Bf, horizon

Oxalate
pH Exchangeable bases extractable X
(meq/100 g) 23 Organic
0.01 N Clay Silt matter
Soil name Horizon H,O CaCl, %% % Ca Mg K Na Fe Al %
Haney Bhfgj 5.04 4.77 5 23 0.20 0.03 0.04 0.04 0.75 4.54 9.10
Marble Hill Bf, 5.14 4.80 6 68 2.25 0.58 0.34 0.02 0.86 1.28 4.95
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Electron micrograph of imogolite in the fine clay of the Marble Hill Bf, horizon.
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