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ABSTRACT : Mineralogical and chemical examinations were performed on interstratified illite-smectite
(I-S) minerals that occur in the mudstones from a petroleum exploration well in the Tertiary marine
basin, Japan. X-ray diffraction analysis shows that component layers of illite in the interstratified I-S
increase with increasing burial depth while those of smectie decrease. In addition, the randomly (R=0)
interstratified illite-smectite is changed into R=I ordered I-S at a depth of about 4,000 m, which
corresponds to the result of organic analysis and indicates a burial temperature of about 100T.
However, the present geothermal gradient shows that the conversion of the random I-S to R=0 ordered
I-S is likely to occur at 3,000 m. This discrepancy may be interpreted by the reverse fault at 2,500 m
which resulted in a deeper burial of sediments up to 1,000 m. Chemical analysis also shows the
compositional variation in I-S with increasing depth: a decrease in Si and an increases in Al and K,
indicating that the substitution of Al for Si in tetrahedral sheets is compensated by the addition of K
to interlayers. K may be derived from K-feldspar and micas, which is present in the mudstones.

* WA A2} sbk@rock25t kigam.re.kr

- 221 —



rr

E

=

Key wonrds : interstratified illite-smectite, petroleum exploration, Tertiary marine basin, X-ray diffraction

analysis
M E
FRAA BA 4EA 9 oldd AF WA v
TAE R 257} Sl wet olEHA 2

el E #Eo] o] E-AHEOE(LS) &
S BEY GAE AA YeolER Wt
A9 delo)E3 H-SLe HERE O3 n&
7L FoA M A& dHAH AU h(Hower,
et al, 1976; Son et al., 2001). 2= E}o] E ] 4
delolER WHates FAd g vty EL o}
Ax BHEsA WA YA won AL =A
Ag 2 dol Yt (Nadeau er al., 1984; Ahn and
Peacor, 19865; Altaner and Ylagan, 1997; Inoue
et al,, 2004). 212} o] BHA AWEE FE
o] YtolE-~HEE EFF FEY WAE
AR Yo ER #Hlste WA A AA
= AAY d HHEAdA =T oy
34384 o1& w1 Ych(Srodon and Eberl,
1984).

9839 WEYE
=& F7teHA =Y,
glo|E.AH|z}o]lE EF
£ YgolE HRFo
Zhsn MﬂEME
. 2% dgolE 4
o zdgolE ¥
o AezddAe
e 2ol ErulEo B
sz ®A)S 4@ 284y H
Aol ELE} HS FobAA Hof Uetol
E 4839 #Fol 2vEolE 4859 F3

Bt gotAA Hul FAude] dgho|E-2v

s

EolE £8% FER=1 I-SE A A3}
A "t o9} Zo] AHEE HRFo] FA

st Yol E ATl FUh A R=0 I-8°]
A R=1 I-S2 Aol #A 9 Wiyl o

AMe otAE FdsA HEHAA ¥ Qi
2y ol 2& 1S A 224 AMEY
E o] Hatsly] wEo HAZe £47E
Jzo] AN e fEL2E AANAZM A
450} $t}(Pollastro, 1990, 1993). E3] 71 &

S 0¥ B d= BAFAN Ha7k A

L

0] =
AT

AHe 52743 FHudy delolE-AH)
EolE £¢3% FER=] [-S)°] Ue}E &%
b Ae dAE7] Wi delo]E-ATEE

4% BEY d7E ARBEAUAME $45
I Y oH(Son et al., 2001).

U & “’ﬂ TE3te HAYSY 2g¢A
A9 A37 AFNME HFF FAN 1
WELE7E W] gEed E73E wd AdH

Aol E-2HE o E EFFFER=0 [-9)T 4
ZH3 A (Son, 1996). =3 FAG AAER
o HAHFZL 257} Wf Fo} o Yol E-
2 EolE B33 FEY GAE AY A
Fejoln, delelEqho] ’&%Qi %ﬂ(é‘ﬂé%
9], 1994). 202, $egete] §4o] X3}
1 Ude W*”Mr ELEY "‘7}01] 02
OE]_;q.o]E AdElolE T =R E 9 HolAQl
4L #EE F U g o] dFE
gluete A3zl A3 AJAF A7t 2
O3 dHA B A3/ AYY H{FAFF

2% YAoE oo deolE-2uEolE B

ol —10 rE

% %89 US4 E BEHH 2 ggzos
B84 S5k
HIX U AEB

s FEAEH AHI FRo HAUAY
2 A37] AFol WA BEXd o of A3
7] AZA A{7F AEHT Yot
Aste] BE A|F7} o] Fo] How AFFA
34d 48 AEE AESIA o] dFE F9)
6}9513}(:16’4 ). 9478 AFFL of7eld 9
W& 5A G A8 FATE 4,802 mol o
EHIE 2). AFFC] ﬂxl Ade vholQ
Aol Al Eefo] 2EA M o2& MAF B §
sHl A HHEo] FAA w@l%—t— A g o|t},
:ylzz-log ;ogol-e:} KR Hlo], 4::7_‘,,]_ g‘\‘:_].%ao]
g (I 3). AL sEERH U
7}9}0 IUZYZF, EFAZ, AALL7FL

2 FAHY Ut 22Ut s FE oA HF
do g Hol glon *P 983 ¢ Agte] HA

[e]

s}

pul

Ho] o), 2U9ES AdAow g Y=
FUEE HR °“*% JHA L 9t HE

- 222 —



A& A37) &4 HAREANX Y 2ol E wjE

14000
L

43°00' Z

OGA PENINSULA

38°30'

o
YOKOTE

Fig. 1. Location of the study well.
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Fig. 2. Stratigraphy and lithology of the well.
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Table 2. Electron microprobe analysis of interstratified illite-smectite (I-S)

Sample depth (% I in I-S)

gttt B4 Ax
Eyg w3t <
K>0, Fe;0; &9 MEA S ©& Wslst 5
Qe AAE &, WEYS F7Heel o
2+ Si0, ¢} Fe,0:9 &FL A

g K09 §FE F/tste AFo 2 YE
dohE 2, 29 5). 21U 08 4259 s

1600 m 2200 m 3000 m 4200 m 4600 m
(13% 1) (20% 1) (33% 1) (70% T) (80% 1)
Si0O, 61.35 62.96 58.20 56.46 56.01
ALOs 19.16 19.77 21.06 26.58 25.43
Fe,03” 5.87 6.90 534 4.09 3.01
MgO 2.81 2.34 3.31 2.22 2.63
MnO 0.05 0.06 0.02 0.05 0.03
CaO 0.55 0.22 0.77 0.53 0.80
Na,O 0.49 0.44 0.66 0.44 0.39
K;O 3.92 3.96 4.50 5.45 5.53
Total 94.20 96.66 93.85 95.84 93.84
Numbers of cations on the basis of Oz(OH)s
Si 7.87 7.90 7.58 7.21 7.29
AI(TV) 0.11 0.10 042 0.79 0.71
. Xtet. 8.00 8.00 8.00 8.00 8.00
Al(VD 2.80 2.82 2.81 3.21 3.19
Fe 0.57 0.65 ° 0.52 0.39 0.29
Mg 0.54 0.4 0.64 0.42 0.51
Mn 0.00 0.01 0.00 0.01 0.00
Sloct. 3.91 3.92 3.98 4.03 4.00
Ca 0.08 0.03 0.11 0.07 0.11
Na 0.12 0.11 0.17 0.11 0.10
K 0.64 0.63 0.75 0.89 0.92
>lint. : 0.84 0.77 1.02 1.07 1.13
Tet. Charge 0.11 0.10 0.42 0.79 0.71
Oct. Charge 0.81 0.70 0.71 0.35 0.53
Int. Charge 0.92 0.80 1.13 1.14 1.24
* Total Fe as Fe O3
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Fig. 4. X-ray powder diffraction patterns of inter-
stratified illite-(glycol)smectite,
pared with calculated patterns. K is kaolinite and I
is discrete illite.
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Fig. 5. Compositional variation of interstratified I-S with increasing burial depth.
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Fig. 6. Interstratified I-S plotted in the triangular
composition diagram, muscovite-celadonite-pyro-
phyllite. Curves of percent smectite layers are co-
ntoured by Srodon and Eberl (1984).
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Fig. 7. Comparison between I-S and Tpmax.
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A AZg A de] A FFAA e W3k}
] fALStoh(Hower et al., 1976). 18U
7 ZAE 2 AdE®E 9 2000 molA
2,800m Atolol A& FrhE 7] Fal AAsirhr)
0A S7kstes A& ¢ 4 Aok £, 3,800 m

N

Table 3. Organic carbon content (TOC) and Tmax
values by Rock-Eval pyrolysis

Depth (m) TOC Tmax (C)
1500 0.87 418
1600 0.69 399
1800 0.61 416
1838.3° 1.65 419
2000 0.82 410
2200 0.48 418
2502.4" 0.75 426
2507.4" 0.63 423
2600 0.84 427
2800 0.97 427
3000 1.01 427
3200 0.95 424
3400 0.75 428
3600 1.19 429
3800 0.88 428
3900 0.88 432
3950 0.70 436
4000 1.25 435
4100 0.94 435
4200 0.87 439
4300 1.14 436
4350 1.11 435
4400 0.84 432
4450 1.24 433
4600 0.86 434
4700 1.36 439
4753.23" 121 432
4800 0.79 431

* .
Conventional core sample
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