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ABSTRACT : Weathering of biotite shows a biotite-vermiculite-kaolinite sequence at the early stage,
but presents biotite-kaolinite sequence without a significant intermediate phase (vermiculite) at the
late stage from the weathering profile of the granitic gneiss. Secondary 1:1 phyllosilicates are
kaolinite and halloysite which show different weathering textures originated by a different formation
mechanism, Kaolinitization began from the edges of biotite and propagated toward the interior of
grain along a multilayered front. 10 A layers of biotite are interleaving with 7 A layers of
kaolinite and c-axis of two phases is consistent. Kaolinite pseudomorph of biotite is isovolumetric,
compared to the biotite boundary and includes many band-like porosities parallel to the cleavage.
Platy kaolinite formed by 1:1 layer for layer replacement of biotite. Halloysitization proceeded
outward from the grain edges which were foliated as fine flakes and bent at the right angle for
cleavage. Halloysites were extensively fanning out and greatly increased the volume of grain. This
indicated that halloysite tubes were formed by epitaxial overgrowth on the surface of biotite
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with import of Si and Al from the external solution by dissolution of plagioclase. These halloysites

have abnormally high Fe content (~11%).

Key words : kaolinite, halloysite, topotaxial replacement, porosity, epitaxial overgrowth
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Fig. 1. X-ray diffraction patterns of biotite and its weathered

products.
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Table 1. EPMA analyses of biotite and kaolin minerals

Bt Kaolinite Halloysite
Fan type Infilling type
Si0O, 35.96 41.55 4395 4274 41.12 4232 4385 44.15 4580 44.15 4472 4228
ALO; 18.36 32.72 3591 35.68 31.67 3226 3448 34.12 35.82 33.15 3496 3125
Fe,O; 20.23 4.10 1.51 1.50 11.05 652 534 597 3.71 7.60 421 1039
TiO, 2.53 040 0.13 0.12 0.12 0.06 004 0.06 006 0.05 003 0.09
MnO 0.14 0.00 0.00 0.00 0.09 0.06 000 0.04 0.01 0.14 0.00 0.06
MgO 8.69 0.93 025 025 1.09 1.19 084 1.38 041 0.84 0.69 1.16
CaO 0.00 0.11 0.03 0.07 0.19 041 0.14 0.14 0.11 0.12  0.13 0.14
Na,O 0.06 0.04 0.04 0.03 0.01 0.05 002 0.05 0.05 004 0.03 0.06
K20 8.60 1.09 027 027 0.63  0.31 026  0.21 0.13 0.15 030 041
Total  94.56 80.95 82.11 80.65 8598 83.19 8497 86.10 86.10 86.25 85.07 85.84
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Fig. 2. Back-scattered electron micrographs of biotite weathering textures. (a) Biotite kaolinization
from the edge toward interior of gran that extends through the entire grain. (b) Interleaving of
biotite (Bt) and kaolinite (Ka)by the replacement. (c) High magnification of the biotite and
kaolinite interleaving. Lenticular voids (white arrow) owing to volume decrease. (d) isovolumetric
kaolinite pseudomorph of biotite.
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Fig. 3. Scanning electron micrographs of kaolinite.
(a) Kaolinite book structure contacted with biotite
and halloysite tube growing on the surface of
kaolinite flakes. (b) Kaolinite aggregate showing a
typical book structure.
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Fig. 4. Transmission electron micrographs of biotite and kaolinite interleaving. (a)
Lattice fringe images showing packets of 7 A kaolinite sheets parallel to biotite

layers.

(b) selected area electron diffraction pattern showing a consistent

orientation relation between 7 A and 10 A phases.
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Fig. 5. Back-scattered electron micrographs

showing fan-shaped halloysite

aggregates. (a)

Halloysite fanning-out parallel to c-axis of biotite which foliate to fine flakes by halloysite volume
increase. (b) extensively expanded halloysite aggregates. (c) highly deformed interior flakes of
biotite and large lenticular voids. Fan-shaped halloysite aggregate at the edges and infilling
halloysite aggregate between flakes. (d) halloysite pseudomorphs of biotite showing highly increased

volume and large lenticular voids.
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Fig. 6. Scanning electron micrographs of hallosite.
(a) Small and long tubes of hallosite growing
epitaxially along flake front on the bioite surface.
(b) Bundle of halloysite long tubes at the right
angle direction of biotite c-axis.
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