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ABSTRACT : The Cretaceous granite, andesite and sedimentary rocks are widely distributed in the northern
Pusan area. The present study investigates mineralogical and geochemical characteristics of residual and
cultivated soils derived from these rocks. The soils of granite area contain a large amount of quartz
relative to clay minerals, whereas the soils of the andesite area contain more clay minerals than quartz.
Clay minerals consist mainly of kaolin minerals, illite, hydroxy interlayered vermiculite, interstratified
mica/vermiculite, and chlorite. Kaolin minerals are abundant in paddy soils, while illite is abundant in less
weathered soils. Si and K are major elements in the soils of granite area, while Fe and Al in the soils of
andesite area. In all the soils, Ca, Mg and Na were generally depleted in comparison to those in parent
rocks. Analysis data of irace element show that the enrichment pattern in soils depends on parent rock
type with high concentration of some elements over 100 ppm: Ba and Rb in granite area, Zn, Ba, and V
in andesite area, and Ba and V in sedimentary rock. In granite area, Rb and Th were greatly enriched in
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soil than in parent rocks. However, Cr, Ni and Sr commonly decrease, whereas Pb increases in all the
soils. Exchangeable cation capacity (CEC) is relatively high in the soils of andesite area including
abundant clay minerals. Collective evidences prove that the mineralogical and chemical compositions of
soils are strongly dependent on the parent rock type. The mineralogy and chemistry of long cultivated

soils are not significantly different from those of residual soils.

Keywords : Mineralogy, Chemical Composition, Residual Soil, Cultivated Soil, Clay Mineral.
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Fig. 2. Geological map of the study area (after Son
et al., 1978) and sampling locations.
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Table 1. Mineralogy of the rocks and soils in the studied area.

Sample Qtz Fd Am Chl 111 Kao HIV M/V
G2-R +++ + ++ ++ +
WS G5-R -+ ++ + ++ +
G6U-R ++ ++ ++ ++
G6L-Y +++ - ++ +
FR G6P ++ +++ +
G G4 +++ ++ + +++
PS G8 ++ ++ ++ - +
G9 - ++ + + +
G11 +++ + + +++ +
G3 +++ + + ++ +
FS G7 +++ ++ + ++ +
G10 ++ ++ + ++ +
Al-R + + + -+ +
WS A10-R + + + ++ + +
A4U-R ++ + A+ +++ +
A4L-Y + + A+ +++
FR A4P + ++ ++ ++ +
A5 +++ + +++ ++ +
A A9 +++ + + + 4+ +
PS Al2 ++ ++ + + -+ +
Al3 - + + + -+ +
A7 ++ + + - + +
FS Al4 + + +++ +++ + +
Al5 + + T+ ++ -+ + +
S1-R +++ + + -+ +
WS S6-R ++ + + + ++
S9U-R + + + -+
S9L-Y + + ++ ++
FR S9P +++ +++ + ++
S4 -+ + + A +
S g S10 +++ + + A+ +
P S12 + + + ot +
S13 -+ + ++ T+ +
S5 ++ + + A+ + +
FS S8 ++ ++ ++ ++ + +
SIi1 +++ + ++ ++ + +

G: Granite, A: Andesite, S: Sedimentary rock. FR: Fresh rock, WS: Weathered soil, PS: Paddy soil, FS: Farmland
soil, -R: Reddish soil, -Y: Yellowish soil Qtz: Quartz, Fd: Feldspar, Am: Amphibole, Chl: Chlorite, I1l: Illite or mica,
Kao: Kaolin mineral, HIV: Hydroxy interlayered vermiculite, M/V: Interstratified mineral of mica and vermiculite.
+++: Abundani, ++: Moderate, +: Rare.
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Table 2. Mineral contents of the rocks and soils
in the studied area (wt. %).

Sample Qtz Fd Am Others
G2-R 48.6 9.0 424
ws G5R 346 206 44.8
G6U-R | 327 249 42.4
G6L-Y | 393  33.7 27.0
FR  G6P 560 434 0.6
G G4 346 213 44.1
PS G8 246 183 57.1
G9 66.6 153 18.1

G11 469 113 418

G3 516 113 37.1

FS G7 416 206 37.8
G10 450 173 37.7
Al-R 18.3 6.4 75.3
ws AR 13.0 27 27 816
A4U-R | 107 1.7 87.6
A4L-Y | 206 3.0 76.4
FR  A4P 154 336 106 404
A AS 31.3 3.3 65.4
PS A9 354 127 3.0 489
Al2 283 200 3.0 487
Al3 320 113 67 500

A7 216 100 68.4

FS  Al4 200 5.3 74.7
Al5 170 2.7 27 716
S1-R 423 3.7 54.0
S6-R 416 3.7 54,7
WS Sour 177 2.8 79.5
SOL-Y 189 72 73.9
FR  S9P 33.6  45.0 21.4
S S4 410 4.0 55.0
PS S10 447 3.0 52.3
S12 466 13 46.1

S13 26 43 53.1

S5 403 143 45.4

FS S8 306 177 51.7
S11 546 40 41.4

For the abbreviations, see Table 1.
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Fig. 3. Diagrams showing mineral variation in the
soils derived from different parent rocks.
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Fig. 4. X-ray diffraction patterns of clay fraction in
a soil from sedimentary rock area. Mg, 25: Mg
saturation and air-dry, Mg, Glycerol: Mg saturation
and glycerol treated, K, 25: K saturation and air-dry,
K, 300: K saturation and heating at 300C, K, 550:
K saturation and heating at 550C.
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Table 3. Contents of clay minerals in the soil samples
(wt. %)

Sample Kao 1l M/V Chl HIV
G2-R | 53.5 384 8.1
WS G5-R | 60.7 26.1 13.2
G6U-R | 58.0 42.0
G6L-Y | 493 50.7
FR  G6P
G G4 71.6 202 8.2
PS G8 622 292 8.6
G9 43.6 403 16.1
GIl | 76.8 14.6 8.6
G3 68.2 243 7.5
FS G7 51.3 344 14.3
GI10 | 663 29.7 4.0
Al-R | 875 104 2.1
WS Al0-R | 62.0 335 4.5
A4U-R | 559 405 3.6
A4L-Y | 599 40.1
FR  A4P 56.6 434
A A5 396 593 1.1
PS A9 66.5 30.1 34
Al2 68.2 294 24
Al3 [ 81.8 11.2 7.0
A7 658 174 95 3
FS Al4 | 51.8 38.0 5.8 4.4
Al5 | 545 31.8 7.9 5.9
SI-R | 70.2 224 7.4
S6-R | 56.7 8.3 35.0
WS S9U-R | 83.8 16.2
S9L-Y | 54.8 452
FR  S9p 80.4 19.6
S S4 79.8 153 4.9
PS S10 | 76.9 147 8.4
S12 70.1 22.1 7.8
S13 67.9 292 2.9
S5 68.7 152 29 13.2
FS S8 424 539 1.0 2.7
S11 493 454 22 3.1

For the abbreviations, see Table 1.
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Ao - FAA - 2204 - FAD - AAS

Table 4. Major element composition of the rocks and soils in the studied area (wt. %).

Sample Si0,  ALOs Fe;0O; MnO CaO MgO  K,0O NaO P,0Os TiOs L.OI Total
G2-R | 72.56 14.78 3.85 0.08 0.05 036 2.82 0.23  0.02 039 491 100.04

WS G5-R | 5371 1692 556 0.13 0.10 0.77 2.57 041 0.03 0.63 1828 99.11
G6U-R | 45.08 1746 449 0.11 0.15 0.70 2.28 0.37 0.04 048 28.52 99.65
G6L-Y | 6233 21.85 286 0.09 040 043 4.39 135 0.03 036 5.87 99.93

FR  G6P | 69.69 17.54 6.02 010 0.68 0.97 2.02 044 025 082 1.02 99.55
G G4 64.76 16.13 249 0.06 030 042 2.99 0.67 022 043 947 9998
PS G8 63.78 16.73 3.73 0.09 053 0.75 2.92 1.19 026 0.65 892 99.54
G9 6790 1336 2.72 007 0.63 0.56 2.88 1.07 041 037 932 9930

Gl1 68.57 1260 1.65 0.03 0.70 0.33 3.27 0.81 047 032 10.01 98.75

G3 67.70 1441 1.80 0.05 050 0.37 3.04 0.62 0.37 033 927 9844

FS G7 66.80 13.03 4.03 017 035 071 3.02 0.73 0.13 0.62 9.54 99.13
GI10 | 74.18 1123 2.63 011 064 041 2.98 047 048 040 6.47 100.00

Al-R | 4729 2274 1297 0.17 030 142 1.60 0.07 0.17 121 12.18 100.11

WS Al10-R | 47.77 25.66 970 0.11 0.03 0.92 1.56 0.09 0.11 1.07 11.48 98.50
A4U-R | 52.18 22.57 9.69 0.12 0.02 143 1.52 0.09 0.04 1.10 9.61 9835
AAL-Y | 47.68 2444 11,60 0.13 0.03 1.45 1.09 0.04 0.04 1.16 10.77 98.42

FR  A4P | 52.24 1597 1079 020 6.80 3.81 1.49 220 024 092 520 99.86
A A5 5270 1461 643 014 520 276 2.09 244 020 063 11.75 98.94
PS A9 59.63 16.71 488 0.06 074 123 1.97 0.88 020 096 11.30 98.56
Al2 | 61.07 1580 580 0.09 130 1.58 2.04 0.80 026 083 - 9.60 99.19

Al3 59.63 1691 6.08 0.08 135 1.50 1.95 091 020 1.11 10.15 99.87

A7 56.89 1746 7.53 0.10 1.18 1.78 1.91 093 049 085 10.83 99.94

FS Al4 | 51.10 19.86 11.17 023 0.85 1.20 1.64 020 050 127 11.67 99.68
Al5 | 4970 21.51 1124 023 0.64 1.70 1.15 0.14 0.55 1.17 11.89 99.90

S1-R | 67.66 1553 6.06 0.05 0.11 0.51 1.31 0.08 0.06 094 6.67 9897

WS S6-R | 65.04 16.86 635 0.05 0.18 1.16 1.66 0.51 0.04 110 6.74 99.70
S9U-R | 45.04 26.15 12.80 0.05 0.01 0.87 1.19 0.07 0.08 1.12 11.93 99.31
S9L-Y | 41.89 25.71 1553 0.30 0.01 1.48 1.67 0.05 0.18 144 11.86 100.10

FR S9p 6848 1450 441 009 184 116 230 390 0.10 0.65 1.69 99.10
g S4 66.11 14.55 371 0.05 049 097 1.84 0.61 0.19 080 10.75 100.05
PS S10 68.16 14.00 519 0.12 024 092 1.73 042 0.12 087 8.06 99.83
S12 6998 1225 372 0.05 0.84 094 1.84 0.71  0.19 063 836 99.51

S13 68.10 14.19 382 005 0.64 097 2.00 0.61 028 077 822 99.65

S3 65.38 16.23 556 0.10 020 1.00 2.00 0.68 0.11 0.95 7.65 99.86
FS S8 6391 1567 646 0.16 070 148 2.47 123 022 084 7.00 100.14
S11 67.70 11.82 504 0.19 121 095 1.86 046 0.73 076 9.01 99.73

For the abbreviations, see Table 1.
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Fig. 5. Diagrams showing variation of minor and rare earth elements of the soils. The mean value was
normalized against parent rocks. WS: Weathered soil, PS : Paddy soil, FS: Farmland soil. The numbers in

the bracket are the number of samples.
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Table 5. pH and cation exchange capacity in soil samples.

HE

3

P

Exchangeable cations (meg/100 g) CEC
Sample pi Ca Mg K Na (meg/100 g)
G2-R 422 0.19 0.21 0.11 0.03 0.54
WS G5-R 4.27 0.05 0.09 0.04 0.05 3.53
G6U-R 4.41 0.08 0.09 0.11 0.04 2.52
G6L-Y 4.77 0.12 0.16 0.04 0.04 0.36
FR G6P 5.11 1.28 1.16 0.16 0.13 0.53
G G4 4.63 2.90 0.80 0.01 0.01 3.72
PS G8 5.02 1.13 0.56 0.19 0.05 5.45
G9 5.78 0.24 0.81 0.15 0.04 0.80
Gl1 5.37 247 1.31 0.01 0.06 3.19
G3 5.38 3.40 1.01 0.39 0.11 4.47
FS G7 4.98 1.36 0.90 0.41 0.03 2.70
G10 6.34 4.54 2.01 0.42 0.06 4.83
Al-R 493 2.00 1.74 0.66 0.07 9.31
WS A10-R 4.36 0.07 0.17 0.07 0.10 5.69
A4U-R 4.91 0.05 1.10 0.11 0.06 9.02
AdL-Y 4.88 0.04 1.41 0.10 0.08 8.45
FR A4P 7.28 0.58 0.01 0.34 0.12 1.93
A A5 5.54 2.49 0.02 0.14 0.05 7.98
PS A9 5.31 2.24 1.51 Q.13 0.04 5.24
Al2 5.35 2.15 1.32 0.23 0.05 6.17
Al3 6.42 2.32 1.19 0.15 0.06 3.50
A7 4.47 2.98 1.05 022 0.04 13.53
FS Al4 4.81 3.08 1.65 0.35 0.04 8.42
Al5 5.52 4.26 1.44 0.45 0.05 7.08
S1-R 5.03 1.55 0.98 0.23 0.04 0.60
WS S6-R 5.03 0.12 0.89 0.06 0.09 2.92
S9U-R 4.78 0.09 1.25 0.09 0.05 8.08
S9L.-Y 7.76 0.07 1.37 0.10 0.12 4.74
FR Sop 7.88 0.24 1.21 0.31 0.22 1.10
S S4 4.86 2.48 1.56 0.06 0.03 9.63
S S10 5.66 1.41 0.78 0.07 0.04 1.64
S12 5.09 2.69 1.39 0.01 0.05 9.20
S13 5.29 2.01 0.92 0.14 0.04 2.23
S5 524 2.03 1.00 0.29 0.04 6.22
FS S8 6.89 5.43 2.46 041 0.06 9.90
S11 7.03 3.35 2.31 0.22 0.04 5.48
For the abbreviations, see Table 1.
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Table 6. Cation contents extracted with 0.1 N HCl from the soil samples(ppm)

Sample Na Mg K Ca Fe Cu Pb Mn Cr Ni Cd
G2-R 12 104 322 180  26.0 0.1 38 51.8 3.9 0.1 0.8

WS G5-R 52 9.2 7.6 59 240 1.0 1.3 394 4.0 0.2 1.2
G6U-R 4.5 7.2 32.1 7.5 17.7 14 4.6 345 4.0 0.2 1.4
G6L-Y L23.8 8.8 14 125 11.0 1.4 1.8 9.2 4.3 0.3 1.2

FR G6P 86.9 207.0 162.0 3252 2652 1.5 1.1 30.3 35.1 45.7 1.4
G G4 6.7 62.8 151 3057 1362 25 6.7 340 44 0.4 1.1
PS G8 6.0 454 649 2124 1689 23 8.1 50.2 42 3 1.5
G9 9.0 752 52.0 3467 1398 2.0 5.5 476 4.1 0.9 1.7

Gl1 124 1029 63.6 3495 113.7 1.7 52 270 48 1.4 1.3

G3 27.9 118.0 157.8 3472 375 1.2 50 427 4.0 0.9 0.9

FS G7 1.9 69.0 148.1 247.0 440 03 30 918 4.5 0.5 1.2
G10 10.6 2413 1289 3526 43.7 0.6 23 1061 4.6 1.3 1.5

Al-R 141 2038 1567 273.6 2.7 0.4 1.9 431 3.7 0.5 1.4

WS Al10-R 20.1 11.6 134 7.1 442 2.9 4.0 26.9 4.5 04 1.2
A4U-R 84 601 29.1 4.3 5.1 1.3 4.8 25.7 45 0.04 1.2
AAL-Y | 152 755 265 54 342 0.6 2.8 10.5 4.6 0.03 14

FR A4P 82.5 2265 1992 4452 2628 3.0 2.3 32.8  26.1 42.6 1.3
A AS 102 917 479 4782 1872 18 5.5 23.0 36 0.5 1.0
PS A9 74 943 398 381.1 318 2.1 6.9 12.8 3.5 0.6 1.1
Al2 79 772 803 3822 206.1 3.8 103 139 46 0.8 1.0

Al3 13.1 1367 669 4946 2142 14 3.7 55.0 42 0.7 1.0

A7 7.0 129.7 73.0 4256 1626 5.0 2.5 52.7 4.1 1.3 1.0

ES Al4 48 121.1 121.3 4892 70.6 1.6 1.5 1026 3. 0.9 1.0
AlS 9.7 1952 1543 5465 57.1 0.1 1.4 93.3 4.4 1.5 1.1

S1-R 7.1 676 834 2500 735 33 3.0 12.8 4.0 0.7 1.1

WS S6-R 190 478 157 163  73.0 1.9 52 200 113 0.4 1.0
S9U-R 7.5 729 246 139 428 0.1 100 2.8 3.7 0.2 1.1

SOL-Y | 31.3 861 299 115 633 1.1 12 499 3.9 0.4 0.9

FR Sop 86.5 1744 1729 203.2 230.1 3.1 0.9 11.1 8.6 7.8 1.1
g S4 58 1043 186 402.8 1587 03 5.8 156 47 0.8 1.2
S S10 1.6 647 207 2809 228.6 42 63 1543 44 0.6 1.0
S12 152 957 383 4276 1485 0.6 4.6 8.3 4.9 0.9 1.1

S13 129 787 571 3841 180.0 3.9 5.2 18.0 5.0 0.6 1.2

S5 6.6 994 1159 3546 1164 0.1 43 617 49 0.5 1.1

FS S8 18.1  181.7 1632 550.0 99.8 1.3 3.1 131.7 38 1.1 1.0
Si1 51.9 2742 183.8 565.0 65.0 161.6 5.1 72 1.4

For the abbreviations, see Table 1.

=gl Ay ko] A
Ol A Jebdrh

A9 AA E¥Y] FAEZERE Tted
Zo|Ato]E, 7tQ o] E), dT}olE,
BMrgato|lE EY5HEE, 54N F
ZdE =Ego] BEY H5) 7t
o] °fZt o A8, defolEE o
TIHEANA vl go] e
Fo] FI SR ol HlgE] 2Ez
| =olA e A oldele & FFY F

i, HNER=E

o e
Lo km

o rit ofy >
m

old
it

(%

HIV,
,7:

Eis

ko1 S

3)o

°]

n}{UHUHO

L to o

o
b

3.0 53

ol et A et A FEA EdA
Sigh K7} @om, ehibel EFX Ao A Fe, Al o]
Tt B2 s B, B9 TR/ o2 E
Fo] FEtE T 23HO0E YHFT ZE E
ool A kel A& u3le] Ca, Mg, Nav} 7+
aste A%s Ut 53] =E YA Fert
of-¢ Zg o] JEIRTH

4) B mgAdEel glelA 100 ppm o]

r_{

o S Hole dAasd 3A3Y BAANA
t Ba, Rbo]31, SHaFel B A o)A Zn, Ba, V



o3, §H¢t EEXA A Ba, VORE Kool w
Z xpo]lE HolH, o] FoA Bao] FFHLE
o g 3Y BrAe] EdolA Rb
¢} Thy} w¢oll wis) Base 548 vehd
t}. olghzro] mote] FFHo| wpeh Aie] AF
o] = etk a8y BE B o]
A 3EAOZ Cr, Ni, Sro] 7+A3la Pb7} ot
4 BIEe Ags Bt

5) B A9 B pHe e Gy £
FANA 42~649 AL YERT, FHAH
BEA o)A 48~7.60% 7 A YEt 2
ote] 279 tAa #de) e AeE vehgth
6) ZE EYY FoleugiFFe 03~13
meq/ 100 go MHYE thAZ AAT, 1 FolA
T QR ByAle] Eoko] Hwd B IS
vebith mgA ol g iR Ca-Mg>
K>Na9] £o2 ety oy F3E =
Mge] o] 714 & whE =BT TR

HE Cag] gao] 7 UEhbe S4¢ Bl
7 BEe QA 9% §243 2 = 2
LEF| A Pb 2 Mnd

i 012‘
—[Omlmor?,ﬁdo}}l
Mot o o i T
rlrj&oﬂﬁé_od

@mﬂﬁﬁ
O o
© o

oo
x ol
o

=
i
o2
ofd
itid
o,
e
o
o
J_?{_ll
0% o
M
t

ot
P
e
=
oty
Hrt
o,

X2 N i 2 20 T

i
R
o
R
i
K
11.'5
il o

= =
7198 B0 RES AT o
Hol 2de) A7} D wiske a4 g
A7 T,

B2 1998 A=E g AT FEdTH
5 :1998-15-D00279)¢] o8 FRHGL LT,

il
k1
Ho
ok

o,
-1
o,
o
ial
SN2
o
R
o,
e

Aol F2&093% o8 AARE ALBAAL
29, 57-63.

[¢] [¢] =

FRERAde] FANE F4HoE. ALEBA

A 29, 725-732.

o, AWz, #HA4Y, X1
= BEYE 255 AddE I3 EI R

, 28, 295-300.

A, del, & 9 (1997) H4F A B F9

u, Pb, Zn, Cd, Mn9] A3}k FA4t

14, 30, 117-122.

AN, S48 (1993) F4F d4el
akehRe] e o
2, 156-166.

FG71EATA (1988) EUSEEAY. -EY, H=
A, EYnHE- FEIEH F
117-124.

371 BAF (1993) 4
Wl E3l7)s &3AE, 313-325.

vz, AW, AEE (1997) 39 =7 - 284 73
Aqgstd FANAY FFE A B4 A
A8 723, 30, 407-416.

X7, o)4wl, A, AAAS, B (1978) F
# - AN E2(1:50000) 2 AEA. ALNTAT
2, 127,

BHhFE— 9 69 (1985) kit HEEE, 457
458,

AWE, AFA, A3, A7H (1991) 59 FL
soldl A wgE EYHE FE 544 G5
A Ap-1. 2GBED FEHE BA. SFHESH
2884, 24, 1-9.

ozul WA E (1997) BEoke st ABE-3AL 5-506.

SAE, AT (1982) FaA] Aglo] wety] shard

, AR e Az ek -, Ak

A7 =527, 34, 377-396.

AY, oyt (1997) F5-34 F9 S5
ot B tEAAS SRAFA vAE

A

Jz

o

#

N O
>,
N
o,
ik
oil

.

to
it
&,
N
et
ol
o
>
il

14
I~
ol

.‘F{EE}EF‘IJ

=l o0l
o (b
H‘:O

5, O

)
&
N,
it

o,

-rr’
firt

(o]

0,
ek
o,
e
oy
)
ul\)
N
°
o0
IS

o o o, I 1ot ofn

o,

olel 4] (1997) |Bite] B EY
Fule) FA. ALFAAE, 30, 371-

O

i

oltl E{d' -
o
4

N
4
[2u

[o3
—_

o o, 1%

A (2000) F7AY SAGE Ariek
| og Bezge) weh BTPE
21-137.

| (1994) A Bge) T R F
o #@ @7 FHPEGIA, 7,

R

X
o
°,

Td
2 o
R
_

s
!

2! (= m?j ¥ 1
%o i
3
oo

=
o
©
rS
\-({:Ol’
2
N
of,

—
O
o
D

)

FEuRL Fue E
ogo] g A5

0,
>

il

g SE,

o

S [

N Fg o
2ol o~

il

¢

=

2L o
—},1“
o, 1

&
ﬂ, -
)
]

T

S

ok o,
2

A

)

ok of

N oy O

12 K

o8

o 22

o

N
W
o
e
&
2,
Lo,
frt
019, (V5]



14.
6) FEA A=A EST

2,

)
%__E—E_HH
2

A (1976) FakA o) B5AL A d R o
e A JARE, 9, 85-106.

8, A, AR olAE (1997) vt =
EF 738 olgey BA. dSEIHRTIA,
30, 62-66.

FAQ, A (1994) FAHA] FLke] FIET
HAEFE 54 ¢ A FxEFHEEGIA,
27, 158-167.

FAA, FE, AFEA, YR, A, A4
(2000) $-Fvet FEEFSE)Y 7AA%E 2 3
AR FFETI] A, 13, 147-163.

Barnhisel, R. L. and Bertsch, P. M. (1989) Chlorites
and hydroxy interlayered vermiculite and smectite.
In. I.B. Dixon and S.B. Weed (ed.), Minerals in
Soil Environments. Soil Sci. Soc. Amer, Madison,
wisconsin, USA. 729-788.

Chung, F. H. (1974) Quatitative interpretation of X-ray
differaction patterns of mixtures. I. Matrix flushing
method for quantitative multicomponent analysis.
Jour. Appl. Cryst., 7, 519-525.

Churchman, G. J., Whittion, J. S., Clardge, G. G. G,
and Theng, B. XK. G. (1984) International method
using formamide for differentiating halloysite from
kaolinite. Clay Clay Miner., 32, 241~248.

1=

Douglas, L. A. (1977) Vermiculite: in Minerals in
Soil Environment (J.B. Dixon and S.B. Weed,
eds.). Soil Sci. Soc. Amer., 259-292.

Jackson, M. L., Tyler, S. A., Willis, A. L., Bourbeau,
G. A., and Pennington, R. P. (1948) Weathering
sequence of clay-size minerals in soil and sediments.
I. Fundamental generalization. Jour. Phys. Colloid.
Chem., 52, 1237-1260.

Jung, M. C. and Thornton (1996) Heavy metal
contamination of soils and plants in the vicinity of
a lead-zinc mine, Korea. Appli. Geochem., 11, 53
~59.

Loughman, F. C. (1969) Chemical weathering of the
silicate minerals. Elsevier, New York, 154 p.

Nesbitt, H. W. and Young, G. M. (1984) Prediction
of some weathering trends of plutonic and volcanic
rocks based on the thermodynamic and kinetic
considerations. Geochem. Cosmochim. Acta, 48,
1523-1534.

Reynold, R. C. and Reynold I, R. C. (1996)
NEWMOD for WINDOW. The calculation of one
dimensional X-ray diffraction patterns of mixed-
layered clay minerals. 8 Brook Road, Hanover
New Hampshire, 1-25.

Velde, B. (1992) Introduction to clay minerals. Chap-
man and Hall, 198 p.

2001d 39 8 HwAL 2001 3¥ 17¢ AAS9.



