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Dioctahedral Chlorite-Smectite Mixed-Layer Minerals in the Sandstones
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ABSTRACT : Mineralogical and chemical examinations were performed on chlorite-smectite mixed
layer minerals that occur in the sandstones from a petroleum exploration well in the southern part of
the Ulleung Basin. X-ray diffraction and chemical analyses show that the chlorite-smectite mixed
layer mineral is tosudite, a 1:1 R1 ordered interstratification of chlorite and smectite with an overall
dioctahedral character. This mineral is almost the same as the tosudite reported from hydrothermally-
altered regions, which is rich in Li. This fact indicates that the tosudite area may be affected by
hydrothermal events, because the studied well is located in the tectonically-deformed area, in which
lots of trust faults and folds are present. In these respects, the formation of tosudite is probably due
to the variable effect of hydrothermal fluids from the deeper part of the area.

Key words : chlorite-smectite, mixed layer mineral, Ulleung Basin, X-ray diffraction, tosudite

* WA A =} sbk@kigam.re kr

- 73 —



It

ol

M A

A EA AL oAt AF oA =E
A I LTy F4Ee wel oA AdE
o|JE Fgo] d}olE-AHELOIE(LS) EFF
FE GAE AX delEEZ Hgste &9
depolEZL vk MR F 4E A HERE]
3t ujE4&A2k2- o]t Hower, ef al., [1976; Son
and Yoshimura, 1997; Son er al., 2001). o] &
go)E8 FAo) Y@ HIZe M B
A YA AR gor AL =PADZE dof
9lth(Nadeau et al., 1984; Ahn and Peacor,
1986; Altaner and Ylagan, 1997). 2121} o|ZH
A 2HElo|E FEo] dFo|E-AHEE &
#F FE dAE AA dolER Hslse
AubARQl A AAle AAY o7 FHEA A
s glor gAstA Q18-S i glk

AR d E&AZE M E dEfo| E-2HE
°oJE EFFTHEY Ht & AAHT Uth
8, sYA. A olE EERE 53] AT
HA S =UM-2uEl] E(ZUAAOIE) F=9
AET ARE oA Bo] Easn ti(Moore
and Reynolds, 1997). Al U HEJE 9] o &
Axo Mg Wale ojAYe HEZFES HE}
o & 9 EFsn I3tk 53], 44 =
AZo] RzZHE FAY #4o] HEIIER
TRAoZ Y AAEgH R uff IR FL&
AEA Ao FHY olFAAFAA doue
FE2A Wdlde A3 gE FELLE Y
ebd 47} dtk(Bjorlykke and Aagaard, 1992).

Pyetes Tl EFEA ERY s
6-13TNN AFBAE Adke] Be AR
S8l gl o] A= AHFAIFE A F5
Tolst FUNEE AHestd HEARS o
HEREY) £4%458 A7F RolTh =3,
S| H AFFAIR Yol o] BHA HU4-21)
EolE B3R E(ESTo|E)] 4&EY. ¢
Aoz Alsk delHE AERAY 11 SUA-
2olEholE ER2RE ZAAIET} B2
o] Bol LA 3o ol BAA 111 FUA-
sElolE EYEHE, = ESTolET} At
NN HEHE AL W oA Holgh o
gaAel 111 sUd-2oeolE FEe] BEL
F2 @5¥AYdA Ba93 sltkSudo and
Shimoda, 1978; Cho and Kim, 1994). u}z}x &

et do

L

R

130°

140°

40°

|
Fig. 1. Approximate location of the studied well
(C) in the Ulleung Basin, East Sea. The cross
section of line AB is shown in Fig. 7.
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Fig. 2. X-ray powder diffraction patterns of the < 2
um fractions of mudstones. Main peaks are la-
belled, I-S = illite-smectite, I = illite, K = kaolinite,
C = chlorite.
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Fig. 3. X-ray powder diffraction patterns of the
glycolated < 2 ym fractions of sandstones. Main
peaks are labelled, 1-S = illite-smectite, 1 = illite,
K = kaolinite, T = tosudite.
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Fig. 4. X-ray powder diffraction patterns of tosudite.
Q = quartz, T = illite, A = albite. Peak positions
are in A.
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Fig. 5. SEM image of tosudlte and kaolinite; (A) BSE image of pore ﬁlhng kaohmte in sandstone from
935 m depth; (B) BSE image of pore-filling tosudite in sandstone from 2440 m depth; (C) BSE image of
intimately associated flaky tosudite and vermiform kaolinite (left in photo) in sandstone from 2435 m
depth; (D) secondary electron image of tosudite in same sample as (B).
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Table 1. Chemical analyses and structural formulae
of tosudite before and after Cs' exchange. All ele-
ments determined by microprobe, except 'Li which
was determined by wet chemical analysis of a tosudite-
rich clay fraction and corrected for impurities

Before Cs” exchange  Afer Cs™ exchange

N =42 N =20
X g ¥ 0

Si0, 40.81 3.40 4027  2.66
TiO, 0.02 0.03 0.04  0.08
ALO; 36.52 2.98 3600 2.13
Fe0s 0.93 0.18 0.97  0.17
MgO 0.77 0.12 0.65  0.10
MnO 0.03 0.04 002  0.03
Ca0 0.48 0.10 0.03 0.02
Na;0 0.13 0.05 0.05 0.05
K>O 0.50 0.16 032  0.06

Li,O 0.70 0.70
Cs;0 357 035

80.89 81.28

Total (Wt%) (Wi%)

Si 6.77 0.06 677  0.07
Al(IV) 1.23 0.06 1.23 0.07
Al(VI) 5.90 0.04 590  0.03

Ti 0.00 0.00 0.00  0.01

Fe** 0.12 0.02 0.12 0.2

Mg 0.19 0.03 0.16  0.02

Mn 0.00 0.00 0.00  0.01

Li 0.46 0.04 0.47  0.03

Sum (IV) 6.68 0.04 6.66  0.03

Ca 0.09 0.02 0.01 0.01

Na 0.04 0.02 0.02  0.02

K 0.11 0.04 0.07  0.02

Cs 0.25 0.03

Tet -1.23 -1.23

Oct +0.91 +0.88
Inter +0.33 +0.35
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Fig. 6. Evolution of Rock Eval Tma with depth in
the study well.
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Table 2. Modal composition of some sandstone samples determined by point counting

Depth (m) ' 915 1176 1178 1179 2440.1 2440.7 2441
Quartz _ 40 40 39 33 42 39 39
Polycrystalline quartz 4 8 6 6 4 8 8
K-rich Feldspar 6 2 2 2 3 2 3
Plagioclase 4 3 3 3 4 4 5
Rock Fragments 3 2 1 2 4 2 2
Chert 2 1 2 1 2 1 2
Micas tr. 1 tr.
Heavy mineral 1 tr. 1 tr.
Glauconite 1 1 tr. tr.
Matrix and authigenic clays 26 30 28 26 14 22 17
Siderite 4 3 6 4 13 7 13
Calcite tr.
Dolomite 2 4 5 18 4 7 2
Hematite 1
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Fig. 7. Cross section of the line AB in Fig. 1. Note folds and faults (modified from Lee

et al., 2004).
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