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ABSTRACT : Elemental mobility during the weathering of granitic gneiss in the Yoogoo area was
investigated with relation to pH and secondary minerals using chemical analysis data determined with
XRF, ICP-AES, and ICP-MS. The granitic gneiss has been significantly altered under acidic weathering
environment of pH6 with formation of secondary minerals such as halloysite, kaolinite, vermiculite,
smectite, illite, goethite, and anatase. Chemical change was great in the development of weathering profile
including lower saprolite and upper soil. Chemical index of alteration of soils ranges from 78 to 88.
Weathering process was dominated by feldspar dissolution, biotite alteration and formation of highly
aluminuous clay. Si, Ca, Na, K, and P were depleted relative to Al in soil, whereas other elements such
as Fe, Ti and Mn are enriched. Mg content is constant through the weathering profiles. Element contents
were more significantly changed in the portion of lower pH. Li, As, and all the transition metal elements
are enriched with decreasing pH and increasing Fe content, suggesting coprecipitation/adsorption by
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gocthite. Ga content increases with Fe content, but its content relative to Al is constant through the
profile. Zr, Mo, Sn, and Cd are relatively immobile regardless of pH, whereas Rb, Sr, Ba, Y, Pb, Th, and
U tend to decrease toward the surface. Rb and Sr are depleted in proportion to Ca. Rare earth elements
clearly have a tendency to decrease in the whole samples. LREEs relative to Al are enriched in the lower

and upper saprolite, but depleted in the middle saprolite and soil.

HREEs are depleted in the lower and

upper saprolite, but enriched in the middle saprolite and soil. Loss of REE increases with atomic number.

In the weathering profiles, element mobility was affected by soil pH and secondary minerals.

Keywords : Weathering, Chemical Index of Alteration, pH, Seconday Minerals, Element Mobility.
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Fig. 1. Columnar sections of weathering profiles
(SG and Gn) and the location of sampling sites
from the granitic gneiss in the Yoogoo area. S,
soil; SAP, saprolite; SWR, slightly weathered
rock; FR, fresh parent rock.
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Table 2. Whole rock chemistry (major, trace and rare carth elements) of SG-profile from the granitic gneiss
in the Yoogoo area.

Horizon Soil Saprolite Saprock' Rock
Sample SG1-1 SG12 SGI1-3  SGI-5 SG2-1  SG2-2  SG2-3  SG2+4 SG3-1 SG3-3
pH 5.74 6.48 6.67 7.18 7.27 8.19 8.21 8.45 8.72 9.57
Si0, 62.38 62.24 63.53 65.57 66.82 66.75 67.77 67.26 68.61 68.66
TiO, 0.55 0.86 0.83 0.75 0.56 0.60 0.56 0.63 0.54 0.48
ALOs 17.65 17.78 16.99 15.58 15.32 15.62 15.20 15.47 15.08 14.64
Fe 05" 6.44 6.49 6.14 6.30 6.08 6.14 5.57 5.57 4.82 4.70
MnO 0.07 0.06 0.03 0.03 0.04 0.04 0.04 0.05 0.03 0.03
MgO 1.68 2.09 2.15 2.12 1.76 1.85 1.86 1.93 1.53 1.61
CaO 0.35 1.29 1.02 1.02 0.87 1.10 1.17 1.17 1.55 1.96
Na,O 0.43 1.46 1.31 1.51 1.64 2.30 2.17 2.15 2.53 2.58
K»0 3.22 2.15 3.32 2.79 3.11 2.78 3.00 3.26 341 3.42
P,0s 0.06 0.08 0.08 0.07 0.06 0.08 0.06 0.08 0.08 0.15
L.OL** 7.03 513 4.16 3.50 3.10 2.50 2.00 1.72 1.32 1.24
Total 99.86 99.63 99.56 99.23 99.36 99.76 99.40 99.29 99.50 99.47
CIA*** 78.52 71.54 69.08 67.92 66.71 63.98 62.95 62.73 59.56 55.99
Trace elements (ppm)
Li 23.1 24.1 22.8 21.9 22.3 22.7 252 18.0 16.7 174
Sc 9.6 9.7 82.5 9.2 10.3 10.1 8.4 8.7 7.8 8.5
A% 72.0 754 73.2 79.3 71.3 68.6 61.8 66.1 52.5 54.5
Cr 61.2 38.4 40.1 66.0 65.7 81.7 66.0 85.8 36.9 323
Co 30.2 29.3 23.9 46.3 39.9 28.6 252 40.6 45.5 30.0
Ni 59.5 39.5 31.0 37.8 37.7 494 451 454 30.2 40.0
Cu 48.0 374 34.2 42.7 414 33.8 25.2 13.5 242 34.0
Zn 95.5 96.1 89.7 94.7 80.9 90.7 80.6 80.3 71.0 71.3
Ga 25.0 28.0 26.5 24.6 23.9 23.6 23.3 26.0 214 21.5
As 5.75 1.40 2.03 3.79 3.74 2.65 1.13 5.14 2.50 3.04
Rb 63.2 572 142.5 95.0 122.5 98.7 92.2 143.5 141.3 153.8
Sr 76.2 139.8 168.5 178.4 166.6 200.0 185.0 276.9 223.0 157.7
Y 7.7 11.7 11.0 15.1 22.0 15.5 14.6 13.2 14.0 31.0
Zr 36.9 31.1 18.6 11.0 234 32.3 30.2 21.4 29.8 15.1
Nb 16.6 18.6 17.9 17.0 12.4 12.5 14.7 14.0 13.2 10.7
Mo 0.42 0.28 0.40 0.37 0.42 0.33 021 0.08 0.19 0.43
Cd 0.10 0.09 0.08 0.05 0.08 0.11 0.07 0.05 0.07 0.12
Sn 0.74 0.71 1.02 0.94 1.55 1.33 0.58 1.50 1.37
Ba 663.3 369.3 884.4 613.0 847.6 707.7 704.7 691.2 633.1 579.4
Cs 1.87 1.56 2.30 2.27 1.80 1.88 1.60 3.66 3.41 2.80
Ta 0.77 1.18 1.28 1.29 0.79 0.92 0.77 1.12 1.00 1.18
Pb 32.8 18.1 34.2 24.9 22.4 34.5 35.7 24.4 30.0 41.1
Th 16.1 24.0 31.3 20.4 22.8 21.8 27.8 23.1 19.1 21.9
U 1.60 3.59 2.81 2.88 2.72 3.65 2.49 2.98 4.77 3.60
Rare earth elements (ppm)
La 7.7 314 55.2 38.1 44 4 40.6 46.9 52.6 33.8 419
Ce 29.3 76.9 118.1 82.7 91.9 94.1 97.4 103.0 73.2 85.0
Pr 3.0 9.9 14.1 10.1 11.1 10.5 11.6 12.2 9.1 10.2
Nd 12.4 37.2 494 36.1 39.6 37.0 41.5 42.8 32.9 36.1
Sm 3.14 7.55 9.61 6.92 7.82 6.96 8.15 7.68 6.65 7.41
Eu 0.72 1.28 1.55 1.17 1.34 1.33 1.57 1.59 1.21 1.24
Gd 2.79 6.24 7.07 5.76 6.55 5.65 6.50 6.04 5.41 6.76
Tb 0.42 0.81 0.84 0.81 0.94 0.77 0.86 0.80 0.74 1.10
Dy 2.54 3.81 3.38 4.01 4.96 3.89 3.80 3.65 3.56 6.32
Ho 0.47 0.58 0.43 0.65 0.90 0.64 0.61 0.50 0.53 1.12
Er 1.42 1.47 1.07 1.79 2.47 1.77 1.57 1.26 1.35 3.13
Tm 0.21 0.17 0.11 0.25 0.32 0.24 0.20 0.15 0.17 0.42
Yb 1.43 1.07 0.66 1.46 1.87 1.53 1.22 0.93 1.04 2.60
Lu 0.20 0.16 0.09 0.23 0.26 0.23 0.18 0.13 0.15 0.39

" Slightly weathered tock, * Total Fe as Fe;Os;, ** Loss on Ignition, **% Chemical index of alteration.



Table 3. Whole rock chemistry (major, trace and rare earth elements) of Gn-profile from the granitic gneiss
in the Yoogoo area. \

Horizon Soil Saplrolite Saprock'

Sample No. Gn50 Gnl00  Gnl50 Gn200 Gn250  Gn300 Gn350 Gn2-1 Gn2-2 Gn2-3
pH 5.88 6.03 6.24 5.91 6.05 6.32 6.72 7.69 8.36 7.93
SiO; 53.08 53.08 62.25 67.78 67.50 68.48 66.54 69.96 70.22 69.87
TiO, 1.16 1.11 0.89 0.68 0.56 0.54 0.74 047 043 0.48
AlO3 20.45 21.74 18.28 15.50 15.71 15.25 15.99 15.75 14.73 14.12
Fe,05* 10.11 10.70 6.82 6.91 5.90 6.30 6.56 3.23 4.06 4.00
MnO 0.16 0.12 0.04 0.04 0.04 0.03 0.03 0.02 0.02 0.02
MgO 2.45 1.37 2.07 1.26 1.30 1.53 1.55 1.12 1.35 1.23
CaO 0.21 0.12 0.41 0.05 0.09 0.07 0.06 1.53 1.13 1.26
Na,O 0.07 0.05 0.51 0.00 0.03 0.01 2.15 2.10 2.13 2.26
X0 2.79 2.50 2.57 2.65 2.58 2.55 2.49 3.07 4.24 4.79
P,0s 0.09 0.09 0.07 0.17 0.05 0.05 0.07 0.24 0.09 0.21
L.O.L** 8.97 8.79 5.63 4.93 5.74 4.70 3.77 216 1.21 1.61
Total 99.54 99.67 99.54  99.97 99.50 99.51 99.95 99.65 99.61 99.85

CIA*** 85.33 87.85 82.58 83.97 83.94 84.00 71.60 62.23  59.2091 55.78
Trace elements (ppm) :
Li 37.5 339 264 26.2 23.3 22.6 24.1 32.3 21.5 20.4

Sc 18.1 222 11.0 10.8 10.5 8.7 10.6 3 5.9 6.6
\% 108.0 105.3 85.1 91.1 70.4 83.2 80.5 22.7 45.0 28.3
Cr 133.7 113.5 71.9 91.2 66.5 78.7 79.6 24.1 48.2 19.2
Co 61.2 52.4 34.1 38.2 329 47.7 38.5 16.5 28.1 23.0
Ni 108.3 92.1 55.1 70.9 66.0 65.3 643 36.7 34.6 14.8
Cu 44.0 434 422 55.6 48.4 38.1 23.4 12.5 26.6 20.2
Zn 121.4 107.7 87.0 84.7 76.7 79.6 93.9 54.5 68.4 60.9
Ga 31.0 31.0 24.2 24.4 22.1 21.6 27.4 20.8 19.2 21.2
As 8.55 10.65 5.90 5.86 2.95 2.73 2.63 1.47 0.72 1.46
Rb 494 83.8 119.5 37.7 90.7 69.3 95.4 147.0 147.9 176.0
Sr 92.5 50.3 32.5 14.8 16.1 21.5 49.3 244.6 210.3 184.9
Y 94 12.9 78.0 15.9 18.5 9.8 15.0 19.7 15.3 22.5
Zr 251.4 244.2 263.0 32.9 39.5 37.1 30.6 46.9 33.1 23.7
Nb 17.8 19.9 16.9 14.1 11.0 13.1 15.5 13. 12.1 16.4
Mo 0.33 0.62 0.44 0.31 0.13 0.17 0.11 0.06 0.21 0.10
Cd 0.57 0.43 0.30 0.07 0.07 0.07 0.07 0.11 0.05 0.04
Sn 2.05 2.31 1.32 1.39 1.20 1.26 0.97 1.93 0.70 1.38
Ba 959.3 650.6 652.1  516.5 678.4 702.1 576.8 1020.2 892.5 1278.6
Cs 0.62 1.96 3.77 2.73 3.82 2.65 2.96 3.35 2.89 2.21
Ta 0.69 0.76 0.88 0.80 0.68 0.95 0.98 1.01 0.88 0.97
Pb 14.1 21.0 44.6 26.4 20.6 24.3 31.4 17.4 35.6 34.3
Th 4.8 12.1 196.3 12.8 250 20.7 50.9 21.7 22.2 30.0
U 1.46 2.67 22.37 3.42 3.39 3.91 3.80 2.41 4.46 2.70
Rare earth elements (ppm)
La 9.9 15.7 140.0 18.4 59.5 19.5 77.1 46.7 42.8 56.1
Ce 17.2 53.4 671.4 40.3 101.2 38.0 180.5 96.8 85.2 119.7
Pr 33 4.4 94.6 6.2 14.9 6.5 22.8 11.4 10.0 15.2
Nd 13.7 16.8 342.7 25.5 53.3 25.1 82.3 40.7 35.6 54.7
Sm 3.19 3.57 64.50 5.72 9.47 5.15 15.70 7.42 6.78 10.02
Eu 1.29 1.40 2.77 0.97 1.51 1.01 1.39 1.40 1.42 1.46
Gd 3.51 3.37 20.00 5.33 7.64 4.66 11.21 6.14 5.75 7.88
Tb 0.56 0.57 6.23 0.79 1.02 0.65 1.28 0.91 0.80 1.07
Dy 3.42 3.64 27.57 4.56 4.99 3.70 5.18 4.74 3.87 5.75
Ho 0.67 0.74 3.54 0.87 0.79 0.60 0.67 0.78 0.59 0.91
Er 1.88 2.26 8.12 2.53 2.03 1.57 1.85 2.01 1.55 2.52
Tm 0.29 0.34 0.82 0.35 0.25 0.20 0.22 0.24 0.18 0.31
Yb 1.78 2.22 4.57 2.18 1.63 1.21 1.40 1.21 1.02 1.80
Lu 0.26 0.31 0.66 0.32 0.25 0.18 0.21 0.17 0.15 0.24

! Slightly weathered rock, * Total Fe as Fe;Os, **Loss on Ignition, *** Chemical index of alteration.



ol E

Hob

7FA A Si0,, Ca0, Na0, K,071 7+
A1203, F6203, TlOz, MgOL *“

Feiol

e AFe Bt dedos 23840l
APss T AET FHANAM ALOsE B8
Bow waH §540 A& A0 Loz

QAT ¥ FHAUAE FEo] 1
of et FUbehe S wATh oE AYA
o galago] ol FzolAlol=e] B} &

Txo] AM3Es 9 AeAggEol s
ALOs7L Askrst A FEH A 4 HER
EZ AR o Foisle], thE da9] &4

el FdAHeE Yevte 7P AY S7lE B
Atk olYgt EF= Aol L] A&
UolE9l ZALOlEE FAste F3HA A
g3z o] AlOs-(CaO+Na0)-K,0 Az 1) s
o} ALO; AH o R O]E’S}L Nesbitt and Young

(1984)9] ApATel| A Felg |t §
F 929 BeEY %ke 1&4 A A 91

A274¥E Jehhe Ao 929 FF W
sh2 AWelrle ofdrh wetA FEFolM
a9 FEHEE HESY] SN el
o Aa¥Es) Hmste Aad F4E A
okt motol H# 7t 39 dAsvisiya
Nesbitt and Young(1982)0] A¢kst ofz 24]&
o §3ted T

% change = [(element/ALOs)smplo/(element/ALOs)gren—1] X 100

ot

714 HAae WIEe
B9 BgelAe S4da
Az st LgelM FHd

e 1Fdaot VEdeE S0 {84
o] Y 942 Yo e, Hojge F

AHAT AEANA F27}
Fol wlgolol ] NFULE
: T102t G o=

ARAN 7R
ST gl sl
s AaH%

Hl & UOL«] ALO39
T3 Yase Wel
ig.3°ﬂ T A8
o nl3] Fe,Os
| X ok 52% A

¢

oy
+
)

100 100

750 SOy 751 FepOs ”
@ 50t 50 &
2 25t 250 _B,aaE;;‘&‘n
E 0»5—%% O -Besgestd E/a &
Q  osl Ba| -5 S
R =, W50

75+ 75

~100 " -100

100 100

% Change

% Change

% Change

e A 0 N
25 Bmﬁi‘e&y -25 -\ N
-60 S| W N SR e
75 s Wy
L T R R
Depth (m) Depth (m)

Fig. 3. Percentage change of major elements vs.
depth of SG-(]) and Gn-profile (A) showing
progressive weathering toward surface.
9 2712 Holy, TiO,= AEHIA ¢k 50%
AT 2713} Fer 039 TiO= Z]—Lfoi 7}
WA 9AE FotEe noled, FeR
A28 497 o] L5L vlaF
o} HFELXA &1 ;(—1/\}\}§]_E(7<1;<—1/\—1) o}
et g4t FshgE FH %O} ivd
Folth MgOe Hud F3Ao] & Yio]
U SG-gHd M= Ao dAsiH /\‘P‘k 315
91, Go-BadAE W Fo| =2AW Z7}

G 733” Bt ol2g MgOe] W33
o AXo A 7195y, AjAo s A
SFol Be Gn-gHdA MgO9 S-S
o] Abdg s ok W AFFo T
7FH A Ca0, Na,0, K0, SiOe 2o 13
AA A £459th Ca0SF Na,0F E3)9)
MEH Zagde]l AAFHA §lo] o] FelA



QE'!_

D

['_HJ

whgh ¥}

>

-

285 g3ty T2t
]/\]b‘]—ﬁ]— Gn-Z3l¢tH
oju] 100% 7}7ko] 4=

L 1o

4=
R

—% ZeptH o A *P‘*
9 AaEo] Ass

Hshe, HEZECE

}\]/\}TSLE} CaO2} Na20«]
TE FeAFAA ﬁ'o]gj
4 929 K0% &4Fo0] a3}
%ﬂﬂokm%Aiﬁb]%%%%E<
Hog B$Ho *élﬂm & A 8t
‘lG H%ﬂ%iKOA &48

M oo, o2l
RO TN

[

-

32
dlo

R
o

o rio
e

o)

b

-5
1:1

re @
o

rlo

o
o
>~me

w¢£»ﬂg3m>25
;

éﬂﬁ;&m}iﬁﬁmﬁmﬁﬁ@&
_\1 -
HT o
[o2

nilc

o -llO[‘
Ho
[

32

“H jo
+
A, i (3 o2 i o lo, [y

rﬁrwm Hﬂhﬂ

AUAY &
SollM 2AF K-% "4 1 o}
Foharslol Cast N of s griEe
go] At FITEHAA Si0,9] £4o] &
ﬂ%ﬂ,&}%@A:ﬁ&ZﬂH°h%%ﬂ
ot AJHe =z FRES A
o] EGFAAAE o 50% 43

o]
=

Hua.

P

PN
al =

AR AR—
=R
gHow fE40 4L Si

fr e e g st o 2

_13: ofN

= AL A

T N

ol 1
i7} gzolrlolzo

of Hl& FFF

%4ﬂ7@ﬂ
ol A Sio] Zdf
2| &9}

]
=
=

o]

27T

L
R

b DL xR Ok mo |6 By rr Elo

o) Ws}

& °l H] 2l
°ﬂ*1L

(]

—_

7%
Gn-
7_:11

ol o
e

[*]

o
- 2

o

o ol ol
by o ok

(g o

zg_a oo W
3} 2] -gglr;q—,‘(chemlcal index of
alteration; CIA)Z (Nesbitt & Young, 1982), &
gA80] APLEA FEA] AL ALOsE
ANgd ZAFsta & e gz dAES
g xol A FAHOEN o] THAFE
Ads = o A gol 252 Tl B
AFHUE AT
L de BNE oaa EaALE o
2t

1

CIA = [ALOs/(ALOs+CaO +NaO+K,0)] X 100
A CaO'E A oA FAEHE
oko = Bl B3} <13 A
3l Me HAge] o]FoA|ok gt
Axrate Aﬂﬂﬂ IS ﬂ%

%'S‘H i/\}% %
CaOts E?ﬁé}ﬁ T3t
2REe Amd dF HeHEA
o 3t %i}z] = Table 29} 3¢]
ol e Zole] HE FaA
g 4°ﬂ =AE wheh o] merel A 550]
AP =AA F7hste AdFe Ko
H 88717 vERdT F37 I H
2 7PN AR FeR) 89
5o WvhE]y davt E4AEHL
A d FfgdFE] A

v

%N pal) E
(Y o o = a1

—

i}

HAY

= X

i

ol o} 02

&



e
i
Fok

I t 1
40 60 80
Chemical Index of Alteration
Fig. 4. Correlation between depth and chemical
index of alteration in the weathering profiles devel-
oped on a granitic gneiss in the Yoogoo area. [ |=
SG-profile, a=Gn-profile.

100

3989 $F wstel B 37449 £3
S oI B} Ag) e L Se v,
Cr, Co, Ni, Cu, Zn Ga, As, Nb& Z7}82
22T S8 A4S HolH, Rb, Sr, Y, Cs,
Pb, Th, UL ZFAa3ltHLee, 1999). o]&)slt Adke
Sharma and Rajamani(2000)e]] oj&) X ouH &

vhet F3katgo] mgds Asy XA,
et F3EEd 93 vEHdLY AR

(Gouveia et al., 1993)3} 4wty AAE Ho|x
o) F5Ago] e mFgALY A pHY
oﬂskuuu} O]—HF/} _1;1_%}_04 .»l Z/ﬂ m /zg)dg‘:
AR EIA DG WuEE AA}

BISIE ‘%‘l?ﬂoﬂ Zr, Mo, Cd, Sn, Ba& # %3}

S A Ao dA st pH«l A3t &
T YEA ge gl 2

(E

57} A9 Lol ¢ S SANN
njFeie] AFS F -?r_ o] AW w=

A7 2o, Ti, Mng ¥3sF 2 & Ho]dAs
g Ga 2 Ase Fed) 6&%}01] HlEs A F7Hg
= ]E%a AL A2 *3”51 7‘4’“*}5}%"1]

3&%}401 }171 HH%OM. RbJJr Sre] Ca0ol W

3 & o5 davt FEU
Cad @3t o] §3=8 Ao Cast A7
S0 Aol g5 fEHUES Arst

W, F3EE Al F= o‘EH% BEL AFEA

143
200 +— 100
1501 S8 51 Zn
L 100 ] 50
s Aal 25 o Ptya
& olo-mega-BwiiBean g B
O 50 A DY b
X 100 -50
150 75
I T S S Sl TR R R B
100 400 Y
50 Ga 3001 As M-“A
@ 50 L A
Q 200 ;
g 100} A
6 0 Q%E_E/E\ia% On‘ﬁ-n(ﬂ/w{ﬁj
J 25 -100
3 50 -200
75 -300
= s 4 o M5 iz s 4 o

% Change

200

T S

A A‘

1‘6 1‘2 8 4 o
Depth (my)

% Change

16 12 é

Depth (m)
Fig. 5. The percentage change of trace elements
vs. depth in the SG~({_]) and Gn-profile (A) showing
progressive weathering toward surface.

o] .

o) Zd 0] ALOsY tE A A ¢l WE s
B Lidt RE AoldAh 183 As2 A £3

e ZA F3hE i QAT Ga, Nb, Zr% A
shglo] dAg Arks EO]E}(Flg 5).
Rb, Y, Ba, Ta, Pb= AR 02 71EA
&2 &4o] dojrdt), 01 A3t d4E
FEo] &r FEEH AagE wu} R
FEH RS AART Sre E3lekd A B
HAGTL AlZEEo|EZ R JhHA fAEle
o FE] & A& o SEH Sr& oFE
FAEA Fi RSO HEFES= A5t
FA o] Fote] F3Se] RatE AoE HSlh
Th3} U2 EF FoA &4o] gloy} 1 o}
A APZETO|Eo A FElEo e AR
314 g9l Bajso] ARFoR ofF

[o}
Eml

" o
ot ooX 3
2 2



U 48 Ass =8b7)e oHok

A
rr

;

o [n

i

©,

1l

B

(]

=

o]

=

&

&

=

=

ro

o
o

o

Mo R oo

X2

H

roh O & omlo ok o

>
oo

2000).

B EFAAESY ALOs o tigh Juixel
35 K La 2 Ced} 22 Z3| ERFUA(Light
Rare Earth Element: LREE)= %3}z 7|4 Z7}
3Tt SR AMZETO|Eo A Tashy A5 AL

Be-pofle
3511

—
o
o

e

L

Rock / Chondrite
=)

L B e N B
91000
S .
c -t

100k 25

%6, 10k s
® (B

1

[Ce INd TEu ! 161 Hol Tm| Lu
la Pr Sm &d Dy Er Yb

Fig. 6. Chondrite-normalized REE patterns of weath-
ering profiles developed on the granitic gneiss in
the Yoogoo area. (A) SG-profile; (B) Gn-profile.

3 20 A%

T EF|ENA A FUlEY BRSOl A

St MA worel WalAse RothFig 7).

a#Y Ybol Luit 28 F3EFAL(Heavy
Rare Farth Flement; HREE)«= F3}x7]0f] 7+4A
3ttt F5 AAZEHOIEA A FIL oAl AR
AFZET BN Fasith EgFdAM S8t
= WAk ®2oke] wighgds yehdth LREES
HREEE F3je ol guitie] Brqds
el g 57t REEES F ¥gy F
g Boled, W ee =A% Dy7t

et al., 1990), ZIEFULEL &34 =
Z AR o] AAEHGouveia ef al, 1993). &
8-S Hop oA He AE SAe E
STt Aol Fol iR JERF diE0|
FREFoF olFete] £HHOH, HIERF
AAEL Aoz FFA A £4E0
o Az weEts FEd A HEFALS
o] AFL Ase] pHS #HHE Ao R 1Bl
o &, EYFde FEFES e {7
< gfeta o, fr71Ede e EUE

% Change

Fig. 7. Percentage change of REEs vs. depth of
SG-profile at the Yoogoo granitic gneiss showing
progressive weathering toward surface.



& F8A77 B o ASE EFF ol
= AERAA g4 e 94T AAT
AAY dEEE SVt FiE RYE ©
£ Aol o5t of A4 A A
BT SRFoE ATl ARY, F2E
Tt ge FEES WA AEIEE B
£ BA0] 2719 44§ pHE $71412)
ok §ode] @714e] Hv guHon fal4el
2o REESS 541312 E& eiddes ¥
AR AL }

ANxe= Fashg 2 gpFolA E-4 <
dojufar gl HAY A pHYL S7beted K3}
H tH(Nesbitt, 1979).

o eI, A e, 4, el
E 71}\]_()]E 7(1;(4/\% \:ﬂ O]—L}E}Xﬂ_ﬂ- ];(],
329 443 oo A7te ﬁ}%w EEl
& xch F50l 2S04 £
|5 EFFlA 19882 WO 9 APEA
EJ} WA F2HUFE
ros Faagol AYHY
Uﬂ/ﬂ ALOs9l| digh F 4
K P7} ZrAsha Fe Ti,
S Bolv, pH7} e ¥
A uﬂwol g = o
go)ol A Mg 7&94 QAT Li 8 Asth
GaB Tt Eha,

1y

2
=

2

=D

o [,
©
=
lo
Lot

> ol

ol ﬂT;
o
o
e

(=)
=
1o
lo
rx o
o,

l- 1
o rU
of
ok
=2
2

al

g

o

_xi

—_

-
o
ok

o Hﬂ
Rl o%

Oft

f fo o,

oE Fo

u)
N
=5
C’IN’
> {o o
HU
Z ﬂ~ °°{'

}n off O{I:

o0 o QAL Fed) W AN 7l
s AFAH FHAAY 2 FHH 3
Aoz KOtk Gad Fes} 7= 6‘}?(]

vl Halge A FalgwoN dAsiok Zr,
Mo, Sn, Cd2 pHel| W3} ’é}%%i
dlHe] Rb, Sr, Ba, Y, Pb, Th,

28}
= ZA%S Btk E3) Rby} Sr~ Caef] Mg
A Zashy o)A BYFE oA FAbY
AdaE ANFsta Yot LeHEA o] &2
Ho] A4z §29 Ao JEFULE
A Fspadol N A&dhe AES Holed,
ALO:] B G

A
Aprgeole 5

FUAE

A%
Hefsln B3 ALETolES) BTN 2
2HE WHY FHERALE ATSF)E
S0} G PasE TR ALET|E
2 BTN P AFE 2 AU

e s ARUET 258 S48
oo FHERA da9 A%e 7
Fohzel pHsk A9 ol AR 24 A
g Wy,

Ab A

ALpol AT FH/ZAXALATE H
A "L, A A H) /q 9} 154 e /\]-7}1] A=

- s T

o =re AL 93 2T st 3

Qe meys 0%s QA A B,
Lz

154, WA, A, oIFA (1994) HEAL

Q7 B el Fah
of #3 $74 FEXH AT JAA LA, 30

T, o, AL (1993) A4sr I E F35
AR e FEEAT FUh Wk A48T
A A8 3| A, 26, 29-40.

HE, AN (2000) HTAY B
ER9E] 99 FRAS W LHRERY
A, 13, 121-137.

Chesworth, W., Dejou, J., and Larroque, P. (1981)
The weathering of basalts and relative mobilities
of the major elements at Belbex, France. Geochim.
Cosmochim. Acta, 45, 1235-1243.

Drever, I. 1., and Zobrist, J. (1992) Chemical weath-
ering of silicate rocks as a function of elevation in
the southern Swiss Alps. Geochim. Cosmochim.
Acta, 56, 3209-3216.

Eggleton, R. A. (1987) Weathering of Basalt:
Changes in rock chemistry and mineralogy. Clays
Clay Miner., 35, 161-169.

Fritz, P. C., and Regland, P. C. (1980) Weathering
rinds developed on plutonic rocks in the North
Carolina Piedmont. Amer. Jour. Sci., 280, 546-559.

Gilkes, R. H., and Suddhiprakarn, A. (1979) Biotite
alteration in deeply weathered granite. I. Morpho-
logical, mineralogical, and chemical properties. Clays
Clay Miner., 27, 349-360.

Gouveia, M. A., Prudencio, M. 1., Figueiredo, M. O.,
Pereira, L. C. J., Waerenborgh, J. C., Morgado, 1.,
Pena T., and Lopes A. (1993) Behavior of REE

o
_
HZ
o



and other trace element and major elements during
weathering of granitic rocks, Evora, Portugal. Chem.
Geol., 107, 293-296.

Harris, W. G., Zelazny, L. W., Baker, J. C., and
Martens, D. C. (1985) Biotite kaolinization in
Virginia Piedmont soils: I. Extent, profile trends,
and grain morphological effect. Soil Sci. Soc.
Amer. Jour., 49, 1290-1297.

Lee, S. H. (1999) Electron microscopic study on the
weathering of the granitic gneiss in the Yoogoo
area. Korea. Ph. D. Thesis, Seoul National Uni-
versity.

Nesbitt, H. W. (1979) Mobility and fractionation of
rare earth elements during weathering of a gran-
odiorite. Nature, 279, 206-210.

Nesbitt, H. W., and Young, G. M. (1982) Early
Proterozoic climates and plate motions inferred
from major element chemistry of lutites. Nature,
299, 715-717.

Nesbittt, H. W., and Young, G. M. (1984) Prediction
of some weathering trends of plutonic and volcanic
rocks based on the thermodynamic and kinetic

considerations.
1523-1534.

Nesbitt, N. W., MacRae, N. D., and Kronberg, B. 1.
(1990) Amazon deep-sea fan mud: Light REE
enriched products of extreme chemical weathering.
Earth Planet. Sci. Lett.,, 100, 118-123.

Schroeder, P. A., Melear, N. D., West, L. T., and
Hamilton, D. A. (2000) Meta-gabbro weathering in
the Georgia Pidmont, USA: implications for global
silicate weathering rates. Chem. Geol., 163, 235-
245.

Sharma, A., and Rajamani, V. (2000) Weathering of
gneissic rocks in the upper reaches of Cauvery
river, South India: implications to neotectonics of
the region. Chem. Geol., 166, 203-223.

Teveldal, S., Horgensen, P., and Stuanes, A. O.
(1990) Long-term weathering of silicates in a sandy
soil at nordmoen, Southern Norway. Clay Miner.,
25, 447-465.

Geochim. Cosmochim. Acta, 48,

2001 29 279 ¥, 2001 3E 11 AASSL



