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Mineral Chemistry and Geochemistry of the Bentonites Intercalated within
the Basal Conglomerates of the Tertiary Sediments in Korea and Their Strati-
graphical Implication

Jongchun Lee!, Gyoo Ho Lee’ and Hi-Soo Moon®*

IEmvironmental Measurement, Modelling and Assessment Group (EMMA), TH. Huxley School of Environment,
Earth Sciences and Enginecring, Imperial College of Science, Technology and Medicine, London, SW7 2BE, UK
’Department of Earth System Sciences, Yonsei University, 134 Shinchon-Dong, Seodaemun-Ku, Seoul 120-749,
Korea

Bentonite layers are intercalated within the basal conglomerates in the Tertiary sedimentary basins of Kampo,
Janggi and Pohang, southeasten Korea. Eighteen samples of the bentonites went through X-ray diffraction, scan-
ning electron microscopy, heavy mineral analyses, chemical analyses and oxygen, hydrogen stable isotope analyses
to define the mineralogical characters of the bentonites. Heavy minerals such as zircons, apatites, amphiboles and
biotites separated from bentonites show clean and euhedral surfaces, which are the characteristic features of volca-
nic origin. But biotites from the Chunbock Conglomerate are found as altered and heavily broken flakes which
implies longer transportation of these bentonites. TiO,/Al,O; ratios of <2 pum particle fractions (the Chunbook Con-
glomerate 0.031; Janggi 0.029; Kampo 0.025) suggest that those are originated from volcanic tuffs. That is, the
higher the value is, the more mafic in chemical compositions of the original tuffs. Authigenic montmorillonite and
zeolite minerals were observed by SEM, which indicates diagenesis origin of bentonites. But the samples from the
Chunbook Cenglomerate showed only chaotically packed clay flakes in the matrix of sands or conglomerates,
which implies detrital influence, not authigenic origin. The structural formulae of montmorillonite from these basins
reflects their environment of formation, Fe (VI) can show the redox condition of its past environment and much
lower Fe™(VI)/Fe*(V1) ratios in montmorilionite of the Chunbook Conglomerate imply the greater oxidizing influ-
ence. Calculated burial depths from oxygen stable isotope data of the samples from the Chunbook Conglomerate
generally fall to the range of 929~963 m whereas the real burial depth of this area is only 530~380 m. This could
be explained as the bentonites of the Chunbook conglomerate had not been formed in situ. Discriminant analyses
with the data from chemical analyses and structural formulae of montmorillonites show that bentonites from three
different basins could definitely be distinguished with each other. This result arises from the different chemical
compositions of original volcanic ashes and the difference of sedimentary environments

Key words : bentonites, montmorillonite, oxygen hydrogen stable isotope analyses, discriminant analyses
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Table 1. Mineralogical compositions of bentonites (<2 um particle fractions).

Mentmorillonite

No. Predpminant Oth,sr clay§ & d spacing (&) Bulk n?ineralogy

mineral clay sized minerals excluding clays
d (001) d (060) '

K1 Mont 11%, Qz* 14.92 1.49 Bt, Qz, Fd

K2 Mont Qz, Fd* 15.55 1.49 Bt, Qz

K3 Mont Ka, 11, Qz, Fd* 15.29 1.49 -

K4 Mont Ka, I1, Qz, Fd 15.29 1.49 -

K5 Mont - 15.13 1.49 -

n Mont Cl 15.50 149 Qz, Fd, Cr, Cl, Ac

12 Mont - 15.50 1.49 Qz, Fd

13 Mont Ka, Qz 15.23 1.49 Qz, Fd

J4 Mont Ka*, 11*, Qz 15.18 1.49 Qz, Fd, Kf

Y1 Mont Cl Qz 15.67 1.49 Qz, Fd, Kf, Ci

Y2 Mont Ch, CI*, Qz, Fd* 15.39 1.49 Qz, Fd, Kf, Cl

Y3 Mont 11%, Ch, Qz 15.23 1.50 Qz, Fd, Cl

Bi Mont Ka, Ch, I1, Qz 15.55 1.50 Qz

B2 Mont Ka, I1, Qz, Kf 1523 1.50 Qz

B3 Mont 11, Ka*, Qz, Fd, Kf* 14.34 1.49 Qz

D3 Mont I1, Qz, Fd* 15.45 1.49 Qz, Fd, Kf

D4 Mont 11, Ka, Qz 15.29 149 Qz, Fd

Ds Mont 11, Ka, Qz 15.29 1.49 Qz, Fd, Kf

*frace amount

Keys : Mont; montmorillonite, 11; illite, Cl; chlorite, Ka; kaolinite, Cl; clinoptilorite, Qz; quartz, Fd; feldspar, Kf; K-feldspar,

Cr; cristobalite, Ac; analcime, Bt; biotite
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Fig. 2. X-ray diffraction patterns of some representative

bulk samples. Abbreviations: Mo; montmorillonite, Qtz;

quartz, Fd; feldspar, Cl; chlorite.
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Ag. 3. X-ray diffraction patterns of <2 pm particle fractions
from some representative samples. Abbreviations are the
same as those in Fig. 2.
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FIg. 4. Scanning electron micrographs of fresh surface of broken samples. A; micro pore and its wall altered to honey comb
structure-montmorillonite, B; bundles of mordenites in pore space {Kampo basin), C, D; zeolite crystals in the cavity
hollow (Janggi basin), E; chaotically packed clay flakes from the matrix of conglomerate, F; etched mineral surface by

weathering (Pohang basin)
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Fg. 5. Scanning eleciron micrographs of heavy minerals. A, B; biotites of Kampo conglomerate, C. D; biotites of Janggi
conglomerate, E, F; biotites of Chunbook conglomerate
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Table 2. Major elements analyses of samples (<2 m particle fractions). Unit : wt%

$i0, TiO; ALO; Fe,0; FeO MnO MgO Ca0 Nz,0 KO PO, Toal
K1 5725 033 14.25 3.62 1.49 0.10 2.85 1.03 .36 1.02 0.09 82.39
K2 5238 058 19.29 3.88 0.83 0.06 1.95 L.19 0.58 1.36 0.10 82.20
K3 4396 071 23.53 393 0.55 0.03 1.61 0.83 0.48 1.81 0.07 82.51
K4 48.80 0.80 2541 319 0.72 0.04 1.69 0.82 047 1.83 0.07 83.84
K5 5393 Q.17 19.43 2.83 0.48 0.07 229 0.94 0.29 0.28 0.03 80.75
J1 56.19  0.58 1543 262 1.61 0.09 231 1.61 0.20 1.02 0.11 8177
12 4991 0.59 19.61 431 0.72 (.03 235 0.72 0.15 0.70 0.05 79.14
I3 46.87  0.61 23.09 478 2.80 0.07 2.12 0.88 0.36 1.10 0.06 8274
J4 5008  0.64 20.79 4,02 0.89 0.03 245 0.87 0.47 101 0.11 81.36
Y1 5432 050 16.54 3.97 1.01 0.12 2.39 215 0.3% 0.57 0.14 82.10
Y2 5134 050 2225 1.15 1.46 0.14 2.00 1.88 0.84 1.30 0.07 82.93
Y3 51719 053 19.31 5.03 0.57 0.14 379 1.25 0.90 1.37 0.11 84.79
E1 4889 027 20.38 513 0.50 0.05 428 (.45 0.06 2.12 0.06 82.18
B2 5047 0.86 22.02 6.29 1.23 0.06 273 0.52 0.16 3.41 0.06 87.81
B3 5205 052 20.70 4.25 0.59 0.02 2.68 041 0.44 1.78 0.12 83.56
D3 5033 035 2027 391 0.67 0.04 3.13 0.97 0.30 1.57 0.15 81.89
D4 4883  0.63 20.13 6.80 0.87 0.04 2.89 1.04 0.29 237 0.10 83.99
D3 4601 107 2297 8.82 0.61 0.07 2,08 0.96 0.32 229 0.17 85.37

Table 3. Trace elements analyses of samples (<2 Wm particle fractions)ppm. Unit : ppm
Ba Co Cr Cu Li Nb Ni Sc Sr v Y Zn Zr

K1 226 9 13 14 39 8 14 5 98 46 17 134 78
K2 374 8 12 25 10 10 11 11 176 71 39 61 107
K3 207 8 2] 61 50 B 13 20 71 135 37 239 1M
K4 210 8 2 79 63 9 19 22 82 149 71 370 127
Ks 95 5 25 3 20 12 18 4 96 12 9 92 52
1 226 10 14 14 14 8 14 12 342 70 38 94 152
12 169 10 20 27 10 6 12 14 113 93 40 117 128
13 149 19 14 27 60 7 24 15 82 101 48 216 139
J4 207 7 12 26 8 7 13 15 182 106 19 95 132
Y1 1372 10 11 15 22 8 15 11 754 68 33 90 157
Y2 416 10 10 6 27 1t 11 10 186 54 38 223 136
Y3 240 13 14 19 52 7 16 16 231 92 26 154 122
B1 192 9 57 27 126 4 36 16 48 79 23 95 60
B2 340 13 78 29 86 14 46 17 68 123 30 302 122
B3 227 9 77 15 30 9 35 14 75 90 52 113 68
D3 176 7 97 20 37 6 62 13 123 102 30 207 73
D4 248 10 42 33 84 8 25 13 84 98 26 218 102
D5 232 13 77 40 71 14 56 26 96 145 55 221 110
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Table 4. Exchangeable cations and Catien-Exchange Capacity (CEC) for < 2 um size fraction.

Exchangeable cations {meq/100 g)

CEC (meq/100 g)

Ca K Mg Na Total Measured Corrected*
Kt 30.72 1.49 19.80 229 34.31 55.81 74.44
K2 32.05 1.69 2076 2,00 56.50 55.46 75.88
K3 26.51 0.89 2026 1.52 49.19 49.71 94.06
K4 24.43 1.02 19.57 0.57 45.60 53.46 108.43
K5 33.82 037 18.09 1.07 53.36 75.06 81.81
]| 37.36 1.73 2348 3.02 63.59 68.61 97.28
J2 27.26 0.69 31.97 2.21 62.13 76.36 84.01
13 30.80 1.00 29.00 0.53 61.32 58.04 90.22
J4 28.24 1.49 2541 1.54 56.67 38.16 80.45
Yt 40.54 0.94 22.47 6.92 70.87 75.06 12343
Y2 54.88 1.27 21.18 097 78.31 92.32 129.89
Y3 3150 1.51 33.08 0.86 66.95 72.01 134.29
Bl 15.85 1.59 47.27 0.00 64.71 64.73 98.10
B2 17.16 1.89 18.62 0.22 37.89 30.92 80.12
B3 15.15 049 19.03 0.26 34.92 56.51 94.78
D3 32.00 1.27 31.81 0.26 63.34 65.91 95.90
D4 3114 1.26 25.55 0.63 58.58 64.73 104.21
D3 29.65 1.25 14.40 0.63 45.93 48.88 116.05
*Conrected CEC resulted from impurity correction.
Table §. Numbers of cations in montmorillonites on the basis of O.5(OH),.
K1 Kz K5 N1 I2 J4 Y3 B1 D3
SitT(IV) 7.93 7.72 7.93 7.88 7.70 7.69 7.32 7.58 7.56
ABH(IV) 0.07 0.28 0.07 0.12 0.30 0.31 0.68 0.42 0.44
AR (VD) 2.66 3.30 3.21 3.01 3.29 3.18 351 2.80 2.89
Fe** (VD) 0.49 0.14 0.28 0.17 0.23 0.17 0.16 0.61 0.48
Fe?*(VT) 0.25 0.15 0.07 0.30 0.10 0.16 0.12 .00 0.09
Mg?H(VD 0.72 0.48 047 0.56 0.44 0.59 0.20 0.62 0.62
Zoct. 412 4.07 4.03 4.04 4.06 4.10 3.99 4.03 4.08
Interlayer
Mg 0.25 0.26 0.17 0.31 0.33 0.35 0.28 0.63 0.44
Ca 0.39 0.40 0.33 0.50 0.28 0.38 0.71 0.23 0.44
Na 0.03 0.02 0.01 0.04 0.02 0.02 0.01 0.00 (.00
K 0.02 0.02 0.00 0.02 0.01 0.02 0.02 0.02 (.02
L.C. 0.69 0.71 0.51 0.87 (.64 0.77 1.02 0.93 0.90
T.C.(%) 10.04 39.51 14.23 13.99 46,71 40.12 66.95 45.58 48.66

Keys: IV, tetrahedral, VI, octahedral, L.C.; layer charge, T.C(%); tetrahedral substitution (%)
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Table &. Discriminant function coefficients and related
statistics for major elements (<2 pm).

Table 8. Discriminant function coefficients and related
statistics for structural formulae of Montmorillonite.

Discriminant Discriminant Discriminant Discriminant
function 1 function II function 1 function II
Eigenvalue 21.4368 16385 Eigenvalue 29.9002 32979
Percentage of variance 79.9000 7.1000 Percentage of variance 90.0700 9.9300
Canonical correlation 0.9775 0.7880 Canonical correlation 0.9837 0.8760
Coefficients Coefficients
Al O -1.00978 (0.81814 Al (VD) 0.87932 231551
FeOQ 0.55441 0.56980 Fe* 7.58413 3.96905
Fe,0; 0.85985 0.27255 Mg (interlayer) 331876 1.74918
MgO 1.78997 1.88280 Na (interlayer) -5.65660 -1.02113
CaQ 0.76333 0.65624 K (interlayer) -2.68387 -1.66877
Na,O 1.16902 0.57175 Classification 100.00%
K0 -3.06222 -0.59436
Tioy, 4.80642 1.48343
P,0; -267148 0.22841 18
Classification 100.00% i
g 8p
g
Table 7. Discriminant function coefficients and related b I And
statistics for trace elements (<2 um). <0 —g- g
g o [eJN =0
Discriminant  Discriminant E
function I function 11 §-B -
Eigenvalve 24.0833 £2.3300 o
Percentage of variance 74.3000 25.7000 -18 L a L L
Canonical correlation 0.979% 0.9449 -12 -8 -4 o 4 8 12
Coefficients Discriminant Function |
Ba 0.65456 0.14044 Fig. 7. Plots of scores on the first and second discriminant
Cr 1.14133 1.13034 function for major elements. open circle; Kampo, open
Cu 1.59504 -4.06511 triangle; Janggi, open square; Chunbook conglomerate
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Flg. 8. Plots of scores on the first and second discriminant
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in Fig. 7.
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Fig. 9. Plots of scores on the first and second discriminant
function for structural formulae. Symbols are the same as
those in Fig. 7.
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Table 9. Fractionation factors of the pure montmorillonite samples and their formation temperatures calculated by smectite-

water fractionation equation by Savin {1980).

Sedimentary 15 o o mec.. Temp.? Temp.®
Sample Environment 8'°0 8D meteoric water sea water ©C} ©C)
Kl 18.31 5128 1.026 20.8
K5 Terrestrial 18.71 -46.40 1.026 189
12 16.78 -54.68 1.024 28.5
BI Mari 19.28 -52.41 1.027 1.021 162 46.3
B3 anne 19.46 -53.16 1.027 1.022 154 45.2

Temp? : temperature calculated with 3'%0=-7.5 representing meteoric water in the area
Temp.” : temperature calculated with 8®0=-2.0 representing deep sea water
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