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ABSTRACT : Weathered bentonites occcur as surficial alterations of some domestic bentonite
deposits in the Tertiary formations, with the thickness of less than about 50 cm, along naturally-
formed weathering surface with slopping in gentle. 7 A-halloysite was found together with
montmorillonite in the weathered bentonite. Compared to normal bentonite, the weathered one is
generally more clay-rich and contains little amounts of original rock-forming minerals and residues.
In the electron microscopy, fine-scale occurrence of the clay minerals tends to be somewhat discrete
and segregated rather than closely associated. A curled margin of montmorillonite Jamella is
deformed to become obtuse in the weathered bentonite. Halloysite occurs as acicular to tubular
crystals with the length of less than 2 ym and the width of about 0.3 ym, which commonly forms
bundle-shaped aggregates. Electron microscopic observations on the fine-scale occurrence and
texture of the weathered bentonites indicate that the clay mineral transition from montmorillonite to
halloysite has undergone without accompanying any intermediate phases of both clay minerals such
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as a mixed-layered type (M/H). The alteration reaction between these two clay minerals probably
took place in the form of dissolution and precipitation mechanism in oxidation condition. An
intense chemical leaching of Si0,, Na, K and Ca might occur during the alteration reaction, forming
a lot of dissolution cavity and residual concentration of ALLO; and Fe, relatively. As the result of
the chemical change, a favorable condition for halloysite formation seemed to be provided.

Key words : bentonite, weathering, montmorillonite, halloysite, phase transition, chemical leaching,
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Fig. 1. A typical field occurrence of bentonite illustrating the alteration mode of andesitic
lapilli tuffs controlled by lithologic boundary and weathering surface in the Hasea area.
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Fig. 2. XRD patterns of some bentonites and their weathered types: Y-1,
H-1: weathered bentonites, Y-2, H-2: normal bentonites.
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Fig. 3. XRD patterns of clay minerals and their glycolated
samples separated from the weathered bentonites.
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Fig. 4. Scanning clectron micrographs showing the mode of fine-scale occurrence of halloysite and
smectite. (A), (B), (C) Halloysite tubes growing outward from smectite surface to dissolved cavity; (D)
Bundle of tubular halloysites and fine-grained halloysite tubes in the surface of smectite.
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Fig. 5. DTA-TGA patterns of clay minerals sepa-
rated from the weathered bentonites.
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Table 1. Selected EPMA analysis of smectites and halloysites from some weathered bentonites

Yeongil area (Y-1)

Haseo area (H-1)

Smectite Halloysite Smectite Halloysite
Si0; 47.14 48.03  50.83 4448 4521 4585 4726 51.18 4755 45.01 4525 454]
ALO; 21.18 2074 2562 30.50 3757 36.73 16.88 1626 14.52 3422 3055 34.54
FexO3 - - - 971 241 319 - - - 594 945 438
FeO 1461 1649 8.38 - - - 2058 1730 2437 - - -
TiO;, 0.40 0.33 125 017 005 006 0.11 0.32 006 002 0.09 001
MnO 0.00 0.00 006 000 001 001 0.00 0.00 0.12 000 000 0.00
MgO 4.47 2.65 229 120 009 013 0.96 2.23 098 010 042 1.14
Ca0 0.67 0.73 083 015 005 002 2.08 1.21 1.06 010 026 006
K;O 0.21 0.09 012 002 006 009 0.18 0.15 020 001 0.02 0.01
Na,O 0.06 0.04 016 005 001 0.03 0.11 0.03 0.08 001 004 003
Total 88.74 89.10 89.54 8628 8546 86.11 88.16 88.68 8894 8532 86.08 85.58
Number of ions on the basis of O = 22 (montmorillonite) and O = 18 (halloysite)
Si 6.82 6.96 697 399 396 4.00 7.14 7.48 726  4.00 405 401
Al(IV) 1.18 1.04 1.03 000 004 000 0.86 0.52 0.74 000 0.00 0.00
> Tet. 8.00 8.00 800 400 400 4.00 8.00 8.00 8.00 4.00 405 401
Al(VT) 243 2.50 3.11 321 384 377 2.15 2.28 1.87 359 323 359
Fe 1.77 2.00 0.96 066 0.16 021 2.60 2.08 3.11 040 064 029
Ti 0.04 0.04 0.13 000 000 000 0.04 0.01 0.01 0.00 001 0.00
Mn 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00
Mg 0.96 0.57 047 016 001 0.02 0.22 0.49 022 001 006 015
>.0ct. 5.20 5.11 469 403 401 400 5.01 4.86 5.21 400 394 403
Ca 0.10 0.11 0.12 001 001 000 0.34 0.19 0.17 000 0.02 001
K 0.04 0.02 0.02 000 001 001 0.04 0.03 0.04 000 0.00 0.00
Na 0.02 0.01 004 001 000 001 0.03 0.01 0.02 000 0.01 001
>lnt. 0.16 0.14 018 002 002 002 0.41 0.22 023 000 003 002
Table 2. Calculations of gains and losses during bentonite weathering
Yeongil bentonite Haseo bentonite
Y-2 Y-l (A) (B) ©) H-2 H-1 (A) (B) ©)

SiO, 58.11 41.62 30.74 <2737 -47 52.80 43.74 3192 -20.88 -40
ALO; 19.19 25.98 19.19 0.00 0 17.21 23.58 17.21 0.00 0
Fe,Os* 4.15 13.15 9.71 5.56 134 7.61 13.60 9.93 2.32 30
TiO, 0.63 1.67 1.23 0.60 96 1.32 1.44 1.05 -0.27 -20
MnO 0.04 0.12 0.09 0.05 122 0.01 0.04 0.03 0.02 192
Ca0 3.01 1.63 1.20 -1.81 -60 2.33 1.12 0.82 -1.51 -65
MgO 3.36 1.21 0.89 -2.47 -73 241 1.05 0.77 -1.64 -68
K,O 0.54 0.25 0.18 -0.36 -66 0.96 0.57 0.42 -0.54 -57
Na;O 2.24 0.43 0.32 -1.92 -86 0.74 0.04 0.03 -0.71 -96
P,0s 0.15 0.18 0.13 -0.02 -11 0.04 0.13 0.09 0.05 137
L.Ol 8.58 13.76 10.16 1.58 18 14.57 14.69 10.72 -3.85 -26
Total(wt%) 100.00  100.00 73.86  -26.14 100.00  100.00 7299  -27.01

Y-1, H-1: fresh bentonite, Y-2, H-2: weathered bentonite
(A): recalculated analyses of weathered bentonites on the assumption of constant ALO;.
(B): the gains and losses of the different oxides in wi%.
(C): the gains and losses in percentages of the original amounts in column (B).
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Fig. 6. SEM images of halloysite and smectite.
(A), (B). Halloysite tubes growing on the smooth
flakes of smectites.
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Fig. 7. Electron micrographs showing dissolution
textures. (A) Back-scattered electron image of
tabular voids (CV) by dissolution of plagioclase
and clay minerals (Sm: smectite, Ha: halloysite);
(B) SEM image of dissolution voids.

Zsiaigol me AHAH o
otA{Blet TN U5}
238 WEJelE vy 2rdzielse

shetxAde Aol upef Ur/\ XPOIE Bl
49 A9 BRI UolEE Al9] o] =
I Fe(+27h¢] gige] W& AR F2 T

wEhd FolQl Cadl FHE 1 wi% ©|3=
w2 ks HRlth o] vl dla A G &
EE2YclEE Al9] gFo] Aoz e
iAol Fe(+27h)9] §Fo] &3, o 7|4 of7]s]
© HIEES 5541717] et /Y€ Cad
ko] 2 wi%7hA EolAlw §8A 548 X
QItH(Table 1). o] AW ElOEx= Al 02 Fe
o] o] AR e AV =EZY

— 156 —



HEUES Fote] mE HEFEY FHo

g
o
itlal
Bl
o

15 .0k

Fig. 8. Back-scattered electron micrographs of halloysite occurrence. (A) Wrinkled halloysite aggregates
preferentially oriented to the dissolution plane of smectite; (B) Smectite dissolution texture, halloysite
aggregate in the pseudomorphs of dissolved smectite (arrow), and halloysite aggregates (Ha); (C)
Extremely wrinkled halloysite aggregate surrounded by smectite; (D) Vermiform halloysite aggregates

showing rounded margin.
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Fig. 9. Tansmission electron micrographs of smectite and halloysite. (A). Lattice fringe image of smectite,
which basal plane (001) were expanded up to 17A by intercalation of epoxy; (B), (C). Platy crystals
were rolled to forms tubes; (D). Cross section of halloysite tubes showing smoothly curved layers.
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