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This experiment was conducted to investigate the distribution and compositions of clay mineral and to
replenish the soil classification system in Korea. Soil layer samples were collected from 26 residuum and
colluvium soil series out of 390 soil series in Korea, and then analyzed for soil physical and chemical
characteristics, mineral and chemical compositions of clay in B horizon soils.
Major clay minerals of residuum and colluvium were illite and chlorite in soils originated from the
sedimentary rock such as limestone, shale, sandstone and conglomerate; quartz and kaolin in soils
originated from rhyolite, neogene deposits, porphyry and tuff; and kaolin and quartz in the soils originated
from granite, granite gneiss and anorthosite. 
Clay minerals in Korean soils were divided into 4 groups: mixed mineral group(MIX) mainly contained
with illite, kaolin and vemiculite; kaolin group(KA) with kaolin and illite; chlorite group(CH) with chlorite
and illite; and smectite group(SM) with kaolin, illite and smectite. The most predominant clay mineral
group was kaolin group(KA) with kaolin and illite; an mixed mineral group(MIX) with illite, kaolin and
vemiculite. Cation exchange capacity (CEC) of clay was low in the soils mainly composed with MIX and
KA groups and silica-alumina molar ratio of clay was high in the soils composed with SM group

Key words : Clay mineral composition, Residuum and colluvium, Parent rock
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(Dewan et

al, 1968) 50 78
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Table

1 .

30% H2O2 ,

5% sodium hexametaphosphate pipette

. pH 1:1

, 

Walkley-Black . Ca, Mg, Na

K 1N-NH4OAc (pH 7.0) 

, (CEC) 1N-

NH4OAc (pH 7.0) ethanol NH4

.

(50∼100g)

30% - H2O2 , 2ℓ

Na2CO3 (pH 10.0) 

2㎛ .

(LiBO3) 1:5

1,000℃ bead

, Philips model PW-2400 X-

(XRF) .

. X-

Chung (1974)

(matrix flushing method)

(Al2O3, colundum) 50wt% 

(RIRs, reference intensity ratios)

. 

(preferedoriented section)

Soil Series

Bansan

Bangog

Bonggye

Buyeo

Cheongog

Euiseong

Geosan

Gongsan

Gwanag

Hajeong

Jeonnam

Maesan

Maji

Nasan

Pyeongjeon

Sancheong

Singi

Sirye

Songjeong

Songsan

Taesan

Weolsan

Yegog

Yesan

Yonggog

Yuha

Buyeo Gun

Boeub Gun

Gimhae City

Buyeo Gun

Ulju Gun

Euiseong Gun

Geosan Gun

Naju Gun 

Suwon City

Yeongil Gun

Gwangsan Gun

Yeongil Gun

Pyeongchang Gun

Hampyeong Gun

Samcheog Gun

Sancheong Gun

Sancheong Gun

Daegu City

Gimhae Gun

Hwaseoung Gun

Goseong Gun

Yeongwang Gun

Ogcheon Gun

Yesan Gun

Gunwui Gun

Gimhae Gun

Granite

Neogene

Porphyry

Shale

Basic rock

Sand stone

Phyllite

Rhyolite

Granite

Tuff

Granite

Neogene

Limestone

Porphyry

Limestone

Anorthosite

Diorite

Shale

Granite

Granite gneiss

Diorite

Mica schist

Phyllite

Granite

Conglomerate

Tuff

Yellowish red

Dark brown

Red

Reddish brown

dark red

Light brown

Dark grayish brown

Reddish brown

Light brown

Yellowish red

Yellowish red

Pale brown

Dark browm

Red

Reddish brown

Dark brown

Yellowish brown

Yellowish red

Red

Yellowish brown

Red

Yellowish brown

Dark gray

Yellowish red

Strong brown

Yellowish brown

Uplandl

Uplandl

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Forest

Upland

Forest

Upland

Meadow

Forest

Forest

Forest

Forest

Forest

Forest

Paddy

Forest

Paddy

Forest

Land useSoil colorParent rocksLocality

Table 1. Description of residuum and colluvium soils studied and their environment.
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Mg , Mg-glycerol , K 300℃,

500℃ 3 Philips model PW-

1710 CuKα (λ= 1.5406Å)

Ni-filter , X-

(peak Area)

(weighting factors) Biscaye

(1965), Heath and Pisias (1979), Wilke et al. (1984),

Ottner et al. (2000)

ethylene glycol 

smectite 18Å(001), illite 10Å (002),

kaolin 7Å (001), chlorite 7Å (002), vermiculite

14Å (001) 7Å 3.58Å (002)

kaolin 3.54Å (004) chlorite 

kaolin chlorite 

.

(CA, cluster analysis)

.

-

Table 2 ,

, , 

, 

, 

. 

4.7∼72.6% , 

, , , 

, , , ,

, . 

/

(Templin et al., 1951). 

.

pH 4.2∼7.9

, pH 6.6

Soil series

Organic matter
‡ Cationn exchange capacity  

Bansan

Bangog

Bonggye

Buyeo

Cheongog

Euiseong

Geosan

Gongsan

Gwanag

Hajeong

Jeonnam

Maesan

Maji

Nasan

Pyeongjeon

Sancheong

Singi

Sirye

Songjeong

Songsan

Taesan

Weolsan

Yegog

Yesan

Yonggog

Yuha

Granite

Neogene

Porphyry

Shale

Basic rock

Sand stone

Phyllite

Rhyolite

Granite

Tuff

Granite

Neogene

Limestone

Porphyry

Limestone

Anorthosite

Diorite

Shale

Granite

Granite gneiss

Diorite

Mica schist

Phyllite

Granite

Conglomerate

Tuff

29.5

40.9

26.1

30.9

10.2

72.6

52.9

32.7

78.4

28.0

26.0

9.8

14.1

40.1

4.7

41.3

41.3

15.4

29.9

61.1

21.1

62.8

49.0

53.8

65.9

13.3

39.1

27.4

35.7

45.8

48.8

22.6

31.5

40.8

15.6

36.5

40.1

43.7

43.6

38.1

36.6

37.6

45.5

56.2

39.9

23.5

47.4

31.0

34.6

28.2

20.4

63.0

31.4

31.7

38.3

23.3

41.1

4.9

15.6

26.5

6.0

35.5

33.9

46.5

42.3

21.8

58.8

21.0

13.0

28.4

30.3

15.4

31.5

6.2

16.4

20.6

13.8

23.4

Clay loam

Clay loam

Clay loam

Loam

Silty clay

Sandy loam

Sandy loam

Clay loam

Loamy sand

Clay loam

Clay loam

Loam

Silty clay

Loam

Clay

Loam

Sandy loam

Sandy loam

Sandy clay loam

Sandy loam

Clay loam

Sandy loam

Loam

Sandy clay loam

Sandy loam

Silty loam

5.6

5.3

5.3

5.3

5.9

4.5

6.5

4.8

4.7

6.2

4.7

5.0

7.9

4.2

6.8

5.7

4.9

5.2

4.8

4.5

5.4

6.3

6.4

4.7

5.1

4.6

11

16

13

6

21

41

12

32

48

14

10

38

25

27

12

11

23

10

9

9

16

17

16

7

22

4

4.86

7.49

4.20

2.16

1.78

1.50

7.90

0.43

0.24

3.40

0.37

2.00

12.94

1.21

12.26

3.28

3.55

2.35

0.41

0.18

1.83

14.13

9.05

0.45

1.22

2.12

0.13

0.27

1.35

0.32

0.04

0.04

0.14

0.01

0.15

0.08

0.34

0.05

1.14

0.03

0.35

0.18

0.09

0.04

0.60

0.10

0.10

0.36

0.19

0.62

0.03

0.05

2.27

2.86

0.55

1.01

2.85

1.24

10.82

0.85

0.12

1.34

0.17

5.23

5.81

3.48

4.68

1.98

2.12

1.33

0.18

0.14

3.08

7.17

2.45

0.20

1.06

1.87

0.10

0.10

0.03

0.03

0.06

0.04

0.11

0.08

0.12

0.21

0.15

0.15

0.03

0.27

0.05

0.14

0.09

0.05

0.13

0.13

0.08

0.12

0.06

0.18

0.07

0.05

12.2

15.9

11.9

9.1

10.3

9.6

19.8

12.2

3.9

10.6

7.9

23.1

18.1

26.6

22.5

10.8

15.6

11.0

7.3

5.0

18.7

17.3

13.8

7.7

17.6

16.7

CEC‡

(cmolc kg-1)
NaMgKCaClaySiltSand

Particle size distribution

(%)

Ext. cation

(cmolc kg-1)O.M.

(g kg-1)

pH

(H2O, 1:1)

Texture

(USDA)
Parent rocks

Table 2. Physical and chemical properties of the residuum and colluvium soils.



· · · · · · ·248

. pH

5.6 , 

. Ca Mg

, , 

, K

. ,

(CEC)

(Park et al., 1984)

, 

.

Table 3 , 

kaolin quartz, , 3 , 

, quartz

kaolin , , , , 

illite chlorite

.

illite , 

vermiculite .

smectite , , 

3 , vermiculite ,

chlorite , illite , ,

kaolin

.

(Marsan et al., 1988) 

Soil series

Mineral abbreviation - Ag:antigorite, Am:amphibole, Ch:chlorite, Fd:feldspars, Gb:gibbsite, Ge:geothite, He:hematite, It:illite, Ka:kaolin, Qz:quartz,

Sm:smectite, Vt:vermiculite, Ta:Talc, It/Vt:illite-vermiculite mixed layer, Ka/It:kaolin-illiite mixed layer, It/Sm:illite-smectite mixed layer

Parent rocks It/Sm It/Vt Ka/It Sm Vt Ch It Ka Qz Fd Gb He Am Ta Ag Ge

------------------------------------------------------------------ wt, % ------------------------------------------------------------------

Bansan

Bangog

Bonggye

Buyeo

Cheongog

Euiseong

Geosan

Gongsan

Gwanag

Hajeong

Jeonnam

Maesan

Maji

Nasan

Pyeongjeon

Sancheong

Singi

Sirye

Songjeong

Songsan

Taesan

Weolsan

Yegog

Yesan

Yonggog

Yuha

Granite

Neogene

Porphyry

Shale

Basic rock

Sand stone

Phyllite

Rhyolite

Granite

Tuff

Granite

Neogene

Limestone

Porphyry

Limestone

Anorthosite

Diorite

Shale

Granite

Granite gneiss

Diorite

Mica schist

Phyllite

Granite

Conglomerate

Tuff

52

23

7

11

7

4

4

9

25

4

13

14

10

16

21

9

13

15

1

12

8

10

16

10

7

8

6

9

9

6

5

7

8

12

13

1

4

4

27

11

7

10

19

19

16

5

7

3

10

17

31

11

11

10

3

29

8

19

6

10

11

5

2

42

6

27

13

25

52

37

27

18

14

27

16

21

16

27

19

44

8

17

31

18

32

17

45

41

19

22

15

54

13

49

25

7

11

25

27

19

20

55

11

8

15

8

78

15

22

47

12

47

26

59

6

9

8

17

5

8

24

5

4

31

28

31

2

47

7

29

3

5

6

13

8

11

4

3

3

2

9

42

3

4

1

2

1

6

2

10

2

3

1

15

5

8

5

2

8

1

5

2

3

1

3

8

1

2

1

1

1

1

1

3

2

1

1

1

1

1

1

1

2

1

2

1

8

3

6

3

5

2

6

5

2

2

1

Table 3. Mineral contents in the clay fraction of the the residuum and colluvium soils.
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(Chesworth, 1973).

SiO2 42.1∼64.3%

, SiO2

3 . 

, 

SiO2 42.1∼44.3%

. 

, 17

35

5

(Kim, 1990)

, 

(Choi et al., 1991)

. 

Fe2O3 , 3 , ,

, 

, 

(Kang, 2001)

.

(SiO2/Al2O3) 2.1∼ 6.2 , 

5.0 quartz illite, vermiculite,

smectite, chlorite . 

3.0 kaolin , 

1:1 2:1

(SiO2/Al2O3) (Grim,

1968) . (loss of

ignition) 7.1∼13.1% , kaolin

2:1

. 105℃ 2:1

1:1

. 

(CEC)

CEC 15.7∼60.7 ,

CEC illite, vermiculite, smectite

, CEC kaolin

1:1 2:1

Soil series Parent rocks SiO2 Al2O3 Fe2O3 CaO K2O MgO Na2O TiO2
Ignition

Loss

SiO2

/Al2O3

CEC

(cmolc kg-1)

Bansan

Bangog

Bonggye

Buyeo

Cheongog

Euiseong

Geosan

Gongsan

Gwanag

Hajeong

Jeonnam

Maesan

Maji

Nasan

Pyeongjeon

Sancheong

Singi

Sirye

Songjeong

Songsan

Taesan

Weolsan

Yegog

Yesan

Yonggog

Yuha

Granite

Neogene

Porphyry

Shale

Basic rock

Sand stone

Phyllite

Rhyolite

Granite

Tuff

Granite

Neogene

Limestone

Porphyry

Limestone

Anorthosite

Diorite

Shale

Granite

Granite gneiss

Diorite

Mica schist

Phyllite

Granite

Conglomerate

Tuff

50.5

64.3

47.2

50.5

44.6

47.1

48.9

49.7

43.4

50.9

43.9

63.4

52.0

60.7

49.0

45.6

42.8

54.8

44.3

42.1

47.1

42.7

54.1

42.3

45.4

56.5

28.4

17.6

30.9

28.1

20.4

29.4

25.4

29.7

32.9

28.5

31.4

18.5

25.2

19.9

26.1

32.9

26.8

27.1

31.9

35.4

30.3

13.9

22.9

33.8

27.9

24.0

12.8

14.4

33.0

12.6

19.1

7.7

6.6

6.6

7.2

6.5

9.2

5.0

20.5

5.9

29.3

12.5

11.6

18.0

9.9

6.6

27.3

18.1

14.3

9.4

11.1

6.3

0.03

0.04

0.03

0.03

0.07

0.05

0.36

0.04

0.04

0.06

0.05

0.07

0.10

0.04

0.05

0.03

0.10

0.05

0.06

0.06

0.04

0.57

0.35

0.06

0.04

0.03

2.20

1.99

1.86

4.06

1.19

3.64

1.19

2.77

3.80

2.01

3.26

1.83

4.13

1.63

2.59

0.81

1.83

3.54

2.52

3.21

1.44

2.45

2.15

2.78

2.37

2.02

1.03

1.15

0.95

1.44

4.20

1.41

2.62

1.25

0.92

1.19

0.98

1.29

2.85

1.35

1.48

0.44

4.33

1.30

0.74

0.85

1.40

8.78

3.32

0.43

2.19

1.76

2.85

4.27

2.55

2.09

0.21

0.58

3.99

0.16

1.62

0.22

0.32

1.07

2.58

0.74

5.09

2.52

0.18

2.65

0.82

0.89

2.34

0.24

2.49

1.23

0.17

0.32

0.80

0.80

0.80

0.81

0.77

0.40

1.00

0.78

0.84

0.80

1.14

0.68

1.06

0.71

0.77

1.51

1.51

1.09

0.91

0.96

0.86

1.37

0.88

0.94

0.93

0.86

11.0

8.3

12.2

9.1

11.5

11.3

13.1

11.0

10.5

11.0

10.7

8.2

9.1

8.4

11.2

11.9

13.1

7.1

10.3

11.4

11.5

11.5

9.2

10.8

12.0

10.6

3.0

6.2

2.6

3.1

3.7

2.7

3.3

2.9

2.3

3.1

2.4

5.9

3.5

5.4

3.2

2.4

2.7

3.3

2.4

2.1

2.7

5.2

4.0

2.1

2.8

4.0

29.7

27.9

21.0

20.3

27.4

36.7

34.3

20.8

27.1

26.0

19.2

30.0

30.0

39.3

28.9

23.5

36.1

17.1

17.2

20.6

24.2

60.7

28.4

15.7

35.2

40.9

--------------------------------------------------- wt, % ---------------------------------------------------

Table 4. Element contents in the clay fraction of the residuum and colluvium soils.
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CEC .

, 

, , , 

ㆍ

ㆍ

Si-O Al-O

.

, kaolin , 

, , illite, chlorite,

vermiculite kaolin

. chlorite → illite

, smectite Mg

chlorite

vermiculite

, illite

.

, 

kaolin quartz, , 3 , 

, quartz kaolin, 

, , , 

illite chlorite . 

illite , 

vermiculite

. 

Fig. 1 CEC

.

26

Fig. 2

(CA, cluster analysis) 4

.

Table 5 ① illite, kaolin, vemiculite

(MIX), ② kaolin

illite kaolin (KA), ③ chlorite

illite chlorite (It/Ch), ④ kaolin illite

smectite smectite (SM) 

geothite,

hematite gibbsite 1

.

Fig. 1. Relationships between SiO2/Al2O3 molar ratio and CEC
of the clay fraction of soils.

Fig. 2. Deudrogram of clay minerals varieties classified by cluster analysis (CA) among 26 varieties of soil series.



251

CEC SM > CH

>MIX > KA , 

vermiculite > smectite > illite > chlorite > kaolin 

. Grim (1968) Birkeland (1994)

vermiculite illite kaolin

CEC , vermiculite

smectite . 

SiO2/Al2O3

, SM > CH > MIX > KA

1:1 2:1

SiO2/Al2O3 CEC

.

26 , 78

(NIAST,

2000), Shin and Tavernier (1988), Song and Yoo

(1994), Zhang et al. (2002)

Fig. 3

. kaolin

, illite, kaolin, vemiculite

, chlorite illite

, kaolin illite

smectite 3

.

390

26

(B ) 

, 

.

, 

kaolin quartz, , 3

, , quartz

kaolin, , , , 

illite chlorite .

(CA, cluster

analysis) ① illite, kaolin, vemiculite

(MIX), ② kaolin

illite kaolin (KA), ③ chlorite illite

Clay mineral

groups

MIX

KA

CH

SM

-

-

-

2

11

14

12

-

tr.

-

-

4

-

-

-

12

12

7

9

3

9

4

36

4

33

22

24

14

18

55

7

25

10

5

8

30

4

1

3

8

2.9

2.7

3.0

4.5

28.9

24.7

34.3

35.0

Clay CEC 

(cmolc kg-1)

SiO2

/Al2O3
Fd

-------------------------------------------------------------- wt, % --------------------------------------------------------------

QzKaItChVtSmKa/ItIt/VtSm/It

Mineral abbreviation - Ch:chlorite, Fd:feldspars, It:illite, Ka:kaolin, Qz:quartz, Vt:vermiculite, Sm:smectite, It/Vt:illite-vermiculite mixed layer,

Ka/It:kaolin-Illiite mixed layer, It/Sm:illite-smectite mixed layer

Table 5. Mineral composition in clay mineral groups in the clay fraction.

Fig. 3. Mineral distribution in the soils derived from the
residuum and colluvium.
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chlorite (CH), ④ kaolin illite

smectite smectite (SM) 4

.

kaolin

illite, kaolin, vemiculite

, illite kaolin CEC

vermiculite smectite

.
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