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ABSTRACT : The object of this study was to interpret the ralationship between expandability (%Sxro),
MacEwan crystallite thickness (Ncsp), and mean fundamental particle thickness (Np) in illite-semctite
mixed layer (I-S), quantitatively. This interpretation was extracted from comparison of two structural
models (MacEwan crystallite model and fundamental particle model) of I-S mixed layers. In I-S structure,
%Sxrp, Ncsp, and Np are not independent parameters but are related to each others by particular
geometric relations. %Sxgp is dependent on Ncsp by short-stack effect, whereas, %Sxrp and Ng have
relation to smectite interlayer number (Ns)=(Np-1)/(100%/%Sxrp-Ng). Therefore, %Sxrp and N should
satisfy a specific physical condition, 1<Ng<100%/%Sxrn, because Ns is positive. Based on this condition,
this study suggested %Sxrp vs Nr diagram which can be used to interpret %Sxrp, Ne, Ns, and ordering,
quantitatively. The diagram was examined by XRD data for I-S samples from Geumseongsan volcanic
complex, Korea. I-S samples showed that N departs from the physical upper-limit (Ne=100%/%Sxrp) with
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decrease in %Sxrp. This phenomenon may happen due to decrease of stacking-capability of fundamental

particles with their thickening.

Key words : illite-smectite mixed layer (I-S), MacEwan crystallite model, fundamental particle model,
expandability (%Sxrp), mean fundamental particle thickness (Nr), smectite interlayer number (Ns)
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Fig. 1. I-S mixed layer represented as MacEwan
crystallite model (XRD model) and fundamental
particle model (after Altaner et al., 1997). Coherent
scattering domain size (CSDs) is the sum of iflite
interlayers (1) and smectite interlayers (S). There-
fore, it is equal to MacEwan crystallite thickness.
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Fig. 2. Diagram for CSDs and %Sxrp. This diagram
is based on the fact that perfect R=1, 2, and 3 I-S
are composed of 2, 3, and 4 nm fundamental
particles, respectively (Nadeau et al., 1984b). Dash
lines represent maximum expandability (%Smax)
(Srodofi et al, 1992), which occurs at infinite stacks
of fundamental particles.
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Fig. 3. Theoretical diagram for %Sxgrp and Nr. This
diagram is based on two limit condition of equation
[6]. The upper-limit condition (dash curve) is the
case of infinite stacking of fundamental particles
(Ng=infinite), at which the relationship between
%Sxrp and Nr can be expressed by N=100%/
%Sxrp. Maximum expandability (%Smax) suggested
by Srodofi et al (1992) is regarded as %Sxxp at
this condition. However, lower-limit condition (dash
line) is the case of pure smectite (Nr=1), and then,
I-S should have Ng>1. This condition satisfies
fundamental particle theory (Nadeau er al., 1984a).
Natural I-S should exist in the gray field, because
two-limit conditions are physically impossible for
[-S. Solid curves are calculated from equation [5]
for Ns=1 and 5. Solid lines for R=1, 2, and 3 mean
that I-S are composed of the fundamental illite
particles with 2, 3, and 4 layers, respectively.
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Fig. 4. Schematic geology of geumseongsan vol-
canic complex and sampling sites for this study.
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Fig. 5. Typical I-S XRD patterns for studied samples
after Na-saturation and ethylene glycol-solvation.
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Table 1. XRD data for I-S from geumseongsan
volcanic complex

Sample %SXRD R NCSD RNF %SMAX
GS1 3 >3 10.7 8.9 11
OT1 62 0 5.5 1.5 67
oT12 0 illite 13.2 13.2 8
SIl 35 0.5 7.1 23 43
SG1 10 >3 15.0 6.4 16
SG2 9 >3 11.5 6.1 16
SG3 7 >3 12.9 7.3 14
SG4 3 >3 12.2 9.7 10
SG5 3 >3 10.9 9.0 11
SG6 2 >3 10.8 9.7 10
SU1 94 0 5.6 1.1 91
SuU2 24 1 7.1 3.0 33

Nesp for most samples were measured by BWA method
except OT1 and OT2. For these samples, integral peak
width method was adopted due to discrete impurities. N
were calculated from combination of equation [3] and
[4] in the text. %Suax was obtained from %Smax=100%/

Ni (Srodon et al., 1992).
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Fig. 6. Plot of measured data on the theoretical
diagram (Fig. 3). Solid circles are for this study and
open triangles for Drits er al.” (1998).

g T ASE AtsHh oA AHE bl
Zol, %Sxwo7t Fagdl wel R Z71skA
e, oleld ZEJAFAZI Y A 7R
Az AFeH S PadA Ha, wEha, A
SA o] dojue o] FolEA He AL
= A}Eﬂﬁ‘r. A%, 29| EF o] s
s FEstA o], XRD 2404 %Sxro7}

— 101 —



COERE S R

Hn

AaA Ha, k13, SFEA S A EAAFA
FAE Al A7t BEEE AR Alsd
Srodor er al. (2000)& 712z FAYAE

AL abWo] ARE AT W& TH BHo
P BT o) AT EARE N}
W, 712U} 39 A ARG o8 7|8

QA gela S4ol AA wWashe Aoz
ARg. Arsel ol dEE 237
J olgqdee =ARL. B, ROSE 2
SI1e] Z-$dl= R=1 44, R=1% 2= S
o AgolE 0|24 R=2 Mo 2R =45
i

4 =

—

2 dA7E XRD 2y 7[EYA 2d¢ =

T 183ty IS #F2E At st o,
23, XRD ¥4 4GS 4 WS O B
AE AHEAJY. o]F 53t %Sxeo®t Np #
Aol U 28F -5 20E ANG &
A90w, ol&2 Mol /H5E tololge

2 AAsAT x=23, F44 §} FOHE. G} A of] A
/315] I-S A|F9| tgt XRD FX4%4E 5

A ol ASs] B

AEAHOZ B AFAIE ofHe} 2ol a¢f
T ok
7;1’/““, %Sxrn, Nesp, Neee M2 EHE
o] ofya I-S T+ Ulol|A SX% 710}44
AE 7tAZ Aot

EA, %Sxeo Npe= B o2 AFE =
(1<Ne<100%/%Sxrp) & ®HE3JoF gt) o]
Nadeau er al. (1984a)0} 7)EYAR A A A]
3} vhe} 7o) MacEwan ZAQ I-S7} 3 A 5
71 AsiE 1-S ol wt=A] deto]|EYAT}
ZAs)or Fte 277 1-SE Srodon et al
(1992)0] A|AI3H HH A o]st2 EA & of
e 2L onjgth £ A5 F3hd,
NRFEEe EgFez NEYAL Rz F
FHU9S "o BFAFE u)ge A
g, 2o A AEHE S dHHESE
o oa) HFFARGE FA4 e BIA

ru°"
=) mlﬂ

rir r}L

[*]

< B

A, B ARgA AAZ ctholo]
%Sxrp, Np. N, AAME 55 THHOZ &4 0}
<t #8% RoZ AlgHT

4

L
o})

&

X,

/\—“.‘E-

WA, N7t S71855 %Sxeo”7t N
& gDos ARLr FANIEE AP
Yzt AF o] daske AdA 7190 A
°F Atgdrh

AL AL

B dAFE Jsld ANEE AT T4 SEstu
oA W49} MudMaster ZTE 19 S H FA U,
S. Geological Survey®] Eberl. D.D. uAlollA] ZHA}
T B AFs 2001 HEA DY HHIRAT
H (A M F: RO1-2000-000-00057-0)0] o]3te] o] &
o1 o}

iled
Kl
o
o

ZYE (2000) FAFIAGEGZA NN e &
“—‘15}01‘5«1 dejol EZ} A& #Hg AT HALE
A=, dAHst. 80p.

E4E (1993) GAREA FYF FAQ HAABRTA
o g EH B8 7E A
323.

oldTy, #AB%E, 71'51] ., Holz, $94, Tetsumaru
Itaya (1993) A& ,W TR Ex
5}’“ POl K-Ardthel 1 wie) #sia] 7). 3t

2172, 26, 445-454.

Altaner, S.P. and Bethke, C.M. (1988) Interlayer
order in illite/smectite. American Mineralogist, 73,
766-774.

Altaner, S.P. and Ylagan, R.F. (1997) Comparison of
structural models of mixed-layer illite/smectite and
reaction mechanisms of smectite illitization. Clays
and Clay Minerals, 45, 517-533.

Arkai, P., Merriman, R., Roberts, B., Peacor, D., and
Toth, M. (1996) Crystallinity, crystallite size and
lattice strain of illite-muscovite nad chlorite:
comparison of XRD nad TEM data for diagenetic
to epizonal pelites. European Journal of Min-
eralogy, 8, 1119-1137.

Drits V.A., Srodon J., and Eberl D.D. (1997) XRD
measurement of mean crystallite thickness of illite
and illite/smectite: Reappraisal of the Kubler index
and the Scherrer equation. Clays and Clay Minerals,
45, 461-475.

Drits V.A., Eberl D.D., and Srodon J. (1998) XRD
measurement of mean thickness, thickness dis-
tribution and strain for illite and illite-smectite
crystallites by the Bertaut-Warren-Averbach tech-
nique. Clays and Clay Minerals, 46, 38-50.

Eberl, D.D., Srodon, J., Kralik, M., Taylor, B.E., and

— 102 —



Ueho|E-2uetolE ERFHEL FHYH Mackwan 284 2 NRAATA B AT

Peterman, Z.E. (1990) Ostwald ripening of clays
and metamorphic minerals. Science, 248, 474-477.

Eberl, D.D., Niiesch, R., Sucha, V., and Tsipursky,
S. (1998) Measurement of fundamental illite par-
ticle thickness by X-ray diffraction using PVP-10
intercalation. Clays and Clay Minerals, 46, 89-97.

Eberl, D.D. and Velde, B. (1989) Beyond the Kiibler
index. Clay Minerals, 24, 571-577.

Eberl, D.D. and Srodog, J. (1988) Ostwald ripening
and interparticle-diffraction effects for illite crystals.
American Mineralogist, 73, 1335-1345.

Eberl D.D., Drits V., Srodoa J., Niiesch R. (1996)
MudMaster: A program for calculating crystallite
size distributions and strain from the shapes of
X-ray diffraction peaks. USGS Open File Report
96-171.

Inoue, A., Velde, B, Meunier, A., Touchard, G.
(1988) Mechanism of illite formation during
smectite-to-illite conversion in a hydrothermal
system. American Mineralogist, 73, 1325-1334.

Jackson M.L. (1969) Soil chemical analysis-advanced
course, second edition. Published by the author,
Madison, Wisconsin, 53705.

Klug, H.P. and Alexander, L.E. (1974) X-ray dif-
fraction procedures. J. Wiley & Sons, New York.

Kiibler, B. (1964) Les argiles, indicateurs de
métamorphisme. Rev. Inst. fr. Pétrole, 19, 1093-
1112.

Kiibler B. and Jaboyedoff M. (2000) Illlite
crystallinity. Earth and Planetary Sciences, 331,
75-89.

Lindgreen, H., Garnaes, J., Hansen, P.L., Besen-
bacher, F., Laaegsgaard, E. Stensgaard, 1., Gould,
S.A.C., and Hansma, P.K. (1991) Ultrafine par-
ticles of North Sea illite/smectite clay minerals
investigated by STM and AFM. American
Mineralogist, 76, 1218-1222.

Mystkowski, K., Srodon, J., and Elsass, F. (2000)
Mean thickness and thickness distribution of
smectite crystallites. Clay Minerals, 35, 545-557.

Moore D.M. and Reynolds R.C. (1997) X-ray
Diffraction and the Identification and Analysis of
Clay Minerals, second edition. Oxford University
Press, Oxford and New York.

Nadeau, P.H., Wilson, M.J., McHardy, W.., and
Tait, J.M. (1984a) Interstratified clays as fun

damental particles. Science, 225, 923-935.

Nadeau, P.H., Tait, J.M, McHardy W.J., and Wilson,
M.J. (1984b) Interstratified XRD characteristics of
physical mixtures of elementary clay particles.
Clay Minerals, 19, 67-76.

Nadeau, P.H., Wilson, M.J.,, McHardy W.J., and Tait
JM. (1984c) Interparticle diffraction: A new
concept for interstratified clays. Clay Minerals, 19,
757-759.

Reynolds R.C. (1985) NEWMOD@, a computer
program for the calculation of one-dimensional
diffraction patterns of mixed-layered clays. R.C.
Reynolds, 8 Brook Road, Hanover, New Hamp-
shire, USA.

Reynolds, R.C. Jr. (1992) X-ray diffraction studies of
illite/smectite  from rocks, <l ym randomly
oriented powders, and <l um oriented powder
aggregates: the absence of laboratory-induced
artifacts. Clays and Clay Minerals, 40, 387-396.

Srodoni J. (1984) X-ray powder diffraction iden-
tification of illitic materials. Clays and Clay
Minerals, 32, 337-349.

Srodon, J., Andreoli, C., Elsass, F., and Robert, M.
(1990) Direct high-resolution transmission electron
microscopic measurement of expandability of
mixed-layer illite/smectite in bentonite rock. Clays
and Clay Minerals, 38, 373-379.

Srodon, J., Elsass, F., McHardy, W.J., and Morgan,
D.J. (1992) Chemistry of illite-smectite inferred
from TEM measurements of fundamental particles.
Clay Minerals, 27, 137-158.

Srodofi J. and Elsass F. (1994) Effect of the shape
of fundamental particles on XRD characteristics of
illitic minerals. European Journal of Mineralogy, 6,
113-122.

Srodon, J., Eberl, D.D., and Drits, V.A. (2000)
Evolution of fundamental-particle size during illit-
ization of smectite and implications for reaction
mechanism. Clays and Clay Minerals, 48, 446-458.

Ylagan, R.F., Altaner, S.P., and Pozzuoli, A. (2000)
Reaction mechanisms of smectite illitization asso-
ciated with hydrothermal alternation from Ponza
island, Italy. Clays and Clay Minerals, 48, 610-
631.

2002 59¥ 209 YA, 20029 69 6 AAFSL

— 103 —



