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ABSTRACT : Biotite and its weathering products in the weathering profile of Andong granite were
examined using X-ray diffraction, chemical analysis, and electron microscopy. Major weathering
product of biotite was oxidized biotite, which is decomposed into kaolinite in the upper part.
Discrete vermiculite or hydrobiotite was not detected although minor vermiculite (5%) was
randomly interstratified with oxidized biotite. Excess positive charge induced by iron oxidation was
balanced by release of Fe (16%) and Mg (12%) from octahedral site and K (13%) from interlayer
site. After slight chemical and structural modification induced by iron oxidation, oxidized biotite
persists through the weathering profiles with partial decomposition in the upper part of the profile.
Formation environments and dissolution experiments of oxidized biotite highly resistant to
weathering are required to understand the elemental behavior in the surface environments on the
biotite-bearing bedrocks.
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Fig. 1. Location of the granite weathering profile investigated in this study. Granite
batholiths are outcropped in the areas filled by cross symbols.
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Table 1. Whole-rock chemical composition of granite and its weathering products

Samples 9511 9512 9513 9514 9515 9516
Depth (m)* -8.90 -5.80 -3.80 -1.90 -1.00 -0.30
Si0; 69.92 70.40 69.38 68.38 70.50 67.93
AlLOs 15.87 15.71 16.13 16.75 15.57 16.85
Fe;0s 249 2.50 2.47 2.56 2.45 2.84
MgO 0.61 0.54 0.52 0.54 0.51 0.61

TiO, 0.35 0.36 0.35 0.37 0.34 0.40
MnO 0.03 0.03 0.04 0.04 0.03 0.04
P20s 0.04 0.10 0.13 0.12 0.12 0.12
Ca0 2.69 2.59 2.51 2.53 229 1.87
Na,O 3.85 3.71 3.76 3.83 3.31 2.98
KO 3.13 2.94 3.44 3.58 2.95 3.14
Lor+* 0.53 0.88 1.04 1.07 1.50 2.82
TOTAL 99.51 99.76 99.77 99.77 99.57 99.60
W.LP.*** 0 4 4 3 14 26

* Depth from surface, ** Loss on ignition.

*** Weathering index of plagioclase: {(CaO+Na;O)fresh rock-(CaO+Na,O)sample}x100/(CaO+Na:O)fresh rock

30

20 f

WIP (%)

Depth (m)
Fig. 2. Plot of weathering index of plagioclase (WIP) vs. sample
depth from surface.

3 sl ese 3
o KA e Ae Fo
e glch Hebd Al
a0} Na:08] il §3ushs
2o ANAL B & Uk 2

#A CaO9} Nay0Oo] 3ol ®steds o33 2
o] AAtsle) AR F 3 A4 (Weathering Index
of Plagioclase, WIP)Z ZAoldla1 HA 373
Fe= o AAAR ARSI WIP = {(CaO +
NaxOsesh rock - (Ca0 + NazO)sampte} X 100/(CaO +
NaO)fresh rock-

— 186 —



0
O- &
_1 [_ ot
_2 |
_3 |
/\_4 i
E
£-5F
a --0-- Sio2
6| |--0--AR03
—B—Fe203
T |—e—MgO
ol --3-- Ca0
--A-- Na20Q
9| [—&—K20
_10 - L.
-50 -40 -30

—20

=10 0 10 20

Change % relative to TiO,

Fig. 3. Changes of oxides relative to TiO, as an immobile
component in the weathering profile.

Fig. 29] Alg Zlold m& WIPY H3E X
d HA 9m BE] F37 FolAM - Tm
AE FAME AT ZAHAM 10% o]
o] 9% FIEE Holx Jon, HAE 2 m
Ao T F357) F43) 718 30%
Welel FHEE Kol Sith Fig. 32 TiOyd
e 24 AR5 AUA wEs HYFm
otk MgO2] <ol 14~16% AEE 713 =7
ZAsY I, Ca09) Na0o] %e 7Hz 6~11%,
2~6% AEE 47t ZHAstHon, ALO;, Fe0s,
Si0,8] & A9 W3y} girh 1¥d K09
FFES 271 9% AEE FA3HTIE oA
10% A= Z7tshe E0]8 AL Holx 3
=4, ol 4% =4 AA9 wWstolAY A
Aoz Fsto] A KgHo ReE wgde
AoZ Rzt HAAR 2 m F7holA] APgA
o 348 FsE A% Ca09} Na09] 747}
7bg F3let, 19 JREAAE F3d i
7} BEEA geh

L
puiy

ot B2 =29 24
X-M2 "N
Fig. 4= F3tdviule Z&5 9 1 338

AlE9] XRD @goltt. 41de Al 95119
A5 v#e Zudo] ghiEo gle B gy
T ELEZ FAH Ut YA A F3EAE
(9512-9516)A M 357} Z7}8d wa} )
ZEUolE FAMe Fxrl A3 Frlela
951691 M= e oFstAwt 12 A E8H-
A Tz JddE #ddo. 19
U AxHez B o 10 A 239 (001) 3A
Ae Hole o9 g TAFE ¥
T ATH

=7 Fobdol wet 10 A - e ol
= Solx|3, E(Full Width at Half Maximum,
FWHM)& Holxdth -4 FWHMS &g v
W ANE 3279511, -89 m)e] 0.18%) A

1
i

— 187 —



2.01

X

Intensity

9512 5.05

2.02

3.

2.52 2.01

| 9511 J

Two Theta30

rTr

40

Fig. 4. XRD patterns of fresh biotite (9511) and its weathering products
(9512-9516). Oriented mounts. CuK ¢ radiation.
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Fig. 6. DSC curves of fresh biotite (9511) and its weathering products
(9512-9516).
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Fig. 7. Observed and calculated XRD patterns of weathered biotite 9513.
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Fig. 8. XRD patterns of fresh biotite (9511) and its weathering products (9512-

9516). Random mounts. CuK ¢ radiation.
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Fig. 9. SEM photographs of fresh biotite 9511 (a),
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Table 2. Structural formulas of fresh and oxidized
biotites on the basis of 44 negative charges

Profile 951
Fresh  Oxidized . N
biotite  biotite  Sn(*)  Change
(EPMA)  (EPMA) or loss(-) (%)
Si 5.48 5.47 -0.01 0
Al(IV) 2.52 2.53 0.01 0
Sum 8.00 8.00 0.00
Al(VI) 0.29 0.26 -0.03
Fe*' 224 0.00 -
Fe'' 0.52 2.32 -
Fewul 2.75 2.32 -0.43 -16
Mg 2.11 1.86 -0.26 -12
Ti 0.34 0.34 -0.01
Mn 0.04 0.03 -0.01
Sum 5.55 4.81 -0.74 -13
Ca 0.01 0.04 0.03
Na 0.02 0.03 0.00
K 1.88 1.55 -0.33 -17
K2) 0252)  -13®
Charge 1.92 1.65 -0.27 -14
Element ratio
Fewa/Mg 1.30 1.25 1.70
K/Mg 0.89 0.83 1.28
0.96”

1) Change relative to fresh biotite
2) Correction of vermiculte content (5%).
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Fig. 10. Plot of F&’*% of biotite vs. sample depth from surface.
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Fig. 11. Plot of number of cation vs. K per 44 anion charges. Filled and cross
symbols are cation numbers calculated using Fe*'/Fe’" ratios measured by Mossbauer
spectrometry, while other symbols are cation numbers calculated assuming all the Fe
as Fe’.
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