S=FEHI A A 25 A A 3 5 (20123 99)
J. Miner. Soc. Korea, 25(3), 143-153 (September, 2012) http://dx.doi.org/10.9727/jmsk.2012.25.3.143

spstzA o s oA RE ogjo|E-wlen sglo]gdzjolE
kL R A A Rk
A Aldel gk EPMA A4

Illite, Reviewed on the Chemical Compositions -
The Mixed Phase among Muscovite, Pyrophyllite and Chlorite;
EPMA Quantitative Analysis of Shale from the Jigunsan Formation
at Seokgaejae in Samchuk-City, Gangwon-do

b

| & #(Seung Hyun Choi)' - 2 & 2k(Hyang Ran Mun)"* -
0] & =(Young Boo Lee)?- 0] A %(Jung Hoo Lee)"*

FEE L EE PR
(Department of Earth and Environmental Sciences, Chonbuk National University, Jeonju 561-756, Korea)

g7 29 A A 7Y AFAE

(Korea Basic Science Institute, Jeonju Center, Jeonju 561-756, Korea)
AR ATRAN 2 ATL

(Institute of Earth's Environmental System, Chonbuk National University, Jeonju 561-756, Korea)
NGIER EXSE]
(Jeonbuk Technopark, Jeonju 561-844, Korea)

ok ZUE AHA A AA AdEHE A4S ALY &EF FE(YHlE)d t EPMA

g st AFEHOE A SRR FE9 W 58242 (Ki17NagCaoo)(Al2soMg).17Feo.75)
(51634Al|66)Ozo(OH)4§ 29 detolEd g EHE xS Bl ¥ S ol #I ZHA
e 9 E& Mg, Feﬁk.‘li Hol deto]EE MR so]Zdo]lE Y HUA 9 SO0 Ay
o o] dFelA B4 E dEtolEd g HE S84 S 448 TARER BYsia, 1 2 Y
< A2 o] 1Rkt 21]"]51‘55\‘:]' deto] EQf 3}3t4 0 2 5-E K(Na, Ca —‘T—@')TE: 710 E MR

g, MgtFeZHE S 9 gaFs FAeta UnrA & gto]|2 o ER 33t go] 2 o]
EE o]43eal s, sy Y BAGE ALt dEtolEY B4l A wWH, YA HeR
o Aol ASd oIS AHAOR e TS| AYRYAol oY of AFAN BT ELF BB
o BF BARE o] WHOR LT MR 61% S114 27.3%, ol 2Bl = 11.7%2 Hv,
7]l A A4tR Wm0l 3842 (K Na, Ca)zooA1369(81675A|125)020(OH)4°]T4' o] WEro| 3322
HAZ 92 AlES Boju gA9f e Al 337 544 gletxde B34S 44 o A=
FeAl Aoz 2FH, o]s E3t o] AT AAG £ wye] §3te AS v

oz @etolE, HUA, I, YetolEe] Bel, A, HeaF

Ll
20]
2
4
ich
o
jm
=
Mo
e
Ar_

*Corresponding author: +82-63-270-3394, E-mail: jhlee@jbnu.ac.kr

— 143 —



HAsd -

M

k- o] - o] Y5

ABSTRACT : Mica-type minerals (illites) in the shales of the Jigunsan formation at Seokgaejae in
Samchuk-City, Gangwon-do are studied using electron probe micro analysis (EPMA). The average
chemical formula of the mica-type mineral obtained from the quantitative analysis is (Ki.17Nag.04Cao.o1)
(Al2.30Mg;.17Fe0.78)(Si6.34Al1.66)020(0H)s, which shows a chemical formula within the range of illite.
These illites so called can be considered as mixed-phases among muscovite, pyrophyllite and chlorite
due to the low contents of interlayer cations and high Mg, Fe. The formula of illite is separated into
those three minerals and the method for the separation is newly formulated and proposed in this study.
From the formula of illite, the content of muscovite is estimated from K (Na and Ca included), the
content of chlorite by Mg+Fe, and the rest remains as pyrophyllite. The chemical formula of muscovite
can be calculated by subtracting the compositions of pyrophyllite and chlorite from the analyzed
composition of illite using an ideal formula for pyrophyllite and analyzed average formula for chlorite.
The calculated formula of muscovite is supposed to be stoichiometric in principle. The result of the
separation of analyzed illite is 61% muscovite, 27.3% chlorite and 11.7% pyrophyllite and the
calculated formula of muscovite after separation is (K,Na,Ca):.00Al3.69(Si6.75Al125)020(OH)s. The calcula-
ted formula of muscovite slightly low in Al content can be considered to be reasonable in general
when the low content of Al in the rock and the uncertainties of chlorite compositions used in the calcu-
lation are counted. This supports that the method of separation proposed in this study is also applicable.

Key words : Illite, muscovite, pyrophyllite, chlorite, mixed-phase, separation of illite, Seokgaejae, Jigunsan
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Fig. 1. Geological map of the study area (Modified from Chough e al., 2000).
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Fig. 2. BSE image of rocks of the Jigunsan formation from the Seokgaejae area. Mixed-phase between
muscovite and chlorite particles are shown within areas marked a and b (M : Muscovite, C : Chlorite, Q :
Quartz, K-f : K-feldspar).
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Table 1. EPMA data of the illite-like particles in rocks of the Jigunsan formation from the Seokgaejae area

1 2 3 4 5 6 7 8 9 10
SiO, 42295 49.051 49.501 39.283 38.096 48.086 45.789 50.810 54371 38.710
ALO;s 28.149 26303 30.251 28.748 26.932 25.134 24251 29.006 24.866 27.438
FeO 7.992 5.732 2.284 8.874 10983  7.545 6.259 2.707 3.608 9.679
MgO 5.844 3.785 6.938 5.969 9.157 4.409 6.538 2.781 3.564 6.660
CaO 0.075 0.026 0.055 0.046 0.055 0.053 0.047 0.117 0.127 0.060
Na,O 0.003 0.126 0.178 0.170 0.176 0.218 0.007 0.037 0.121 0.277
KO 4.612 8.509 8.685 5.748 3.509 6.346 6.914 9.156 6.885 5.738
TiO, 0.087 0.619 0.334 0314 0.451 0.370 0.140 0.206 0.218 0.443
MnO 0.021 0.029 0.027 0.021 0.023 0.003 0.024 0.002 0.011 0.005
Total 89.077 94.180 98.253 89.174 89.382 92.164 89.969 94.823 93.772 89.011
Number of ions on the basis of 22 O
Si 6.08 6.68 6.37 5.76 5.59 6.68 6.54 6.75 7.21 5.73
Al 4.77 422 4.59 4.97 4.66 4.12 4.08 454 3.88 4.79
Fe 0.96 0.65 0.25 1.09 1.35 0.88 0.75 0.30 0.40 1.20
Mg 1.25 0.77 1.33 1.30 2.00 0.91 1.39 0.55 0.70 1.47
Ca 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01
Na 0.00 0.03 0.04 0.05 0.05 0.06 0.00 0.01 0.03 0.08
K 0.85 1.48 1.43 1.07 0.66 1.12 1.26 1.55 1.16 1.08
Ti 0.01 0.06 0.03 0.03 0.05 0.04 0.02 0.02 0.02 0.05
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2. EPMA data of the chlorites in rocks of the Jigunsan formation from the Seokgaejae area

1 2 3 4 5 6 7 8 9 10
SiO;, 26311 26.754 26358 26500 26.665 27216 26225 26.167 26.768 25949
AlLO; 19.445  19.195 19.245 19.172  19.052 19.550 20.077 18.885 18.689  19.128
FeO 23.588 23.405 23377 23.640 23259 23.003 23.306 23.487 23.025 23413
MgO 15117 15362 15.576 15338 15.305 13.442 15.606 15433 15.881 15.034
CaO 0.053 0.037 0.052 0.031 0.054 0.069 0.040 0.048 0.039 0.053
Na,O 0.012 0.030 0.063 0.000 0.163 0.010 0.001 0.009 0.020 0.160
K,O 0.082 0.094 0.070 0.070 0.144 0.703 0.089 0.051 0.051 0.095
TiO, 0.053 0.046 0.097 0.071 0.063 0.399 0.064 0.074 0.060 0.078
MnO 0.059 0.006 0.015 0.022 0.032 0.051 0.029 0.023 0.065 0.062
Total 84.720 84.929 84.853 84.845 84.737 84.444 85436 84.175 84.597 83.973
Number of ions on the basis of 28 O

Si 5.69 5.76 5.68 5.72 5.76 5.89 5.61 5.70 5.78 5.67
Al 4.95 4.87 4.89 4.88 4.85 4.98 5.06 4.85 4.75 4.93
Fe 426 421 422 4.27 4.20 4.16 4.17 4.28 4.16 4.28
Mg 4.87 493 5.01 4.94 4.93 433 4.98 5.01 5.11 4.90
Ca 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
Na 0.01 0.01 0.03 0.00 0.07 0.00 0.00 0.00 0.01 0.07
K 0.02 0.03 0.02 0.02 0.04 0.19 0.02 0.01 0.01 0.03
Ti 0.01 0.01 0.02 0.01 0.01 0.06 0.01 0.01 0.01 0.01
Mn 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01

Average chlorite composition : (Mgs.90Fes20Al2.63)(Sis.73Al2.27)020(0OH) 16
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Table 3. The compositions of illite-like particles separated into muscovite, chlorite and pyrophyllite from the
analysis data in Table 1

1 '(K,Na,Ca)oss(AlrgsMgi 25Fe0 06)(Sis.0sAlLo2)O20(OH)s ’Si:6.08 Al:4.77 | *-0.09 | *5.06
Mus  43.0 % | (K,Na,Ca)00AL.o6(Sis.osAl1.05)020(0OH)s ’Si2.60 Al:2.54 | -0.07 | 3.96
Chl 309 % | (MgioFes20Abe)(Sis7Al27)020(OH) ’Si:1.39 Al:1.19
Pyr  26.1 % | AlSisOx(OH), ’Si2.09 Al:1.04

2 (K,Na,Ca)ys1(AlooMgo77Feo 65)(Sis 6sAls 32)020(OH)s Si:6.68 Al:4.22 | -027 | 432
Mus 755 % | (K,Na,Ca)s00Al s0(Siz17Alo83)020(OH)s Si:5.41 Al:3.27 | -033 | 3.50
Chl 199 % | (MgioFes20Abe)(Sis73Al27)020(OH)6 Si:0.89 Al:0.76
Pyr 46 % | AlSisO(OH), Si:0.38 Al:0.19

3 (K.Na,Ca)4s(AlosMg 33Fe0 25)(Sis 37Al1 63)020(OH)s Si:6.37 Al:4.59 | -0.11 | 4.54
Mus 740 % | (K,Na,Ca) AL es(SisssAll 16)020(OH)s Si:5.06 Al:3.58 | -0.12 | 3.68
Chl 221 % | (MgioFes20Abe)(Sis73AlL27)020(OH) Si:0.99 Al:0.85
Pyr 39 % | AlSizOx(OH), Si:0.32 AL:0.16

4 (K\Na,Ca)i13(Al73Mg 30Fer 00)(Sis 76A L 24)020(OH)s Si:5.76 Al:4.97 | -0.14 | 5.12
Mus 565 % | (K,Na,Ca)00ALoi(Sis10Al 00)O20(OH)s Si:3.45 Al:3.28 | -0.17 | 3.91
Chl 334 % | (MgioFes20Ale)(Sis7AL27)02(0H)s Si:1.50 Al:1.29
Pyr  10.1 % | ALSisOx(OH) Si:0.81 Al:0.40

5 (K,Na,Ca)o7(Al2sMgs ooFe; 35)(Sis s9Alr.41)020(OH)s Si:5.59 Al:4.66 | -024 | 5.60
Mus  36.0 % | (K,Na,Ca)00Alss9(Siss6Al214)020(OH)s Si2.11 Al:2.17 | -047 | 3.89
Chl 469 % | (MgoFes20Ale)(Sis7AL27)02(OH)s Si2.11 Al:1.80
Pyr  17.1 % | ALSizOx(OH) Si:1.37 Al:0.69

'Na, Ca in the analysis are ignored and included in muscovite composition since they are small and similar to

muscovite.
’Si and Al contents represent the actual proportions of the ions that belong to the suggested phases (The sum of
Mus, Chl and Pyr is supposed to be the same as the analysed chemical compositions).

3Charge balance “Total octahedral ions

221 + 7.15 x 100 = 30.9%

(EEF YA MgtFe) + (2FAgh 228 W
=449l MgtFe) x 100 = 30.9%

do]2HEolE 1 100 — (43+30.9) = 26.1%

oA AWE =N solz
duaie 2450 §Ee %%4
3 e

shetaol M w24

2% A 9, o] %A%% DA ﬂi‘#‘ﬂ
43%0°] Y EHEZ 100%= SHAkstHE <43 Ne

29] 5320 Hr,

(K, Na, Ca) = 0.86 (Mg, Fe) = 2.21 Al
= 4.77 Si = 6.08 (247
— (K, Na ,Ca) = 0.00 (Mg, Fe) = 2.21 Al
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6 '(K.Na,Ca)1o(AL.soMgooiFeo ss)(Sis ssAlr 32)020(OH), ’Si:6.68 Al:4.12 | *-0.15 | “4.59
Mus 595 % | (K.Na,Ca)ooAls s2(SizasAly75)0x0(OH)s ’Si:4.32 Al2.54 | -0.19 | 3.52
Chl 250 % | (MgsooFes20Al63)(Sis73Al227)020(OH)16 ’Si:1.12 Al:0.96
Pyr 155 % | ALSisOx(OH), ’Si:1.24 AlL:0.62

7 (K.Na,Ca)i27(Alr Mg 39Feq75)(Sis 54Al1.46)020(OH)s Si:6.54 Al:4.08 | -0.05 | 4.76
Mus  63.5 % | (K,Na,Ca).00ALs5(Siz35Al065)020(0OH)s Si:4.67 Al:2.67 0 3.55
Chl 299 % | (MgsooFes20Al63)(Sis73Al27)020(0OH)i Si:1.35 Al:1.15
Pyr 66 % | AlLSizOx(OH), Si:0.52 Al:0.26

8 (K,Na,Ca)yss(Als 20Mgo ssFeo 30)(Sis75Al1 25)020(OH)s4 Si:6.75 Al:4.54 | -0.10 | 4.14
Mus  79.0 % | (K,Na,Ca)00AL es(SisosAlr 06)O20(OH)s Si:5.49 Al3.72 | -0.11 | 3.65
Chl 119 % | (MgssoFes20Al63)(Sis73Al227)020(OH)1s Si:0.54 Al:0.46
Pyr 91 % | ALSisOx(OH), Si:0.72 Al:0.36

9 (K,Na,Ca); 21(Als.00Mgo 70Fe0.40)(Si721A1070)O20(OH)4 Si:7.21 Al:3.88 | -0.11 | 4.19
Mus  60.5 % | (K,Na,Ca).00AlL as(Size0Alo40)020(OH)s Si:4.60 Al:2.23 | -0.05 | 3.45
Chl 154 % | (MgssoFes20Al63)(Sis73Al227)020(OH)1s Si:0.69 Al:0.59
Pyr 241 % | ALSigOx(OH) Si:1.92 Al:0.96
10 (K,Na,Ca); 17(Al Mg 47Fe; 20)(Sis 73A127)020(OH)s Si:5.73 Al:479 | -020 | 5.19
Mus  58.5 % | (K,Na,Ca)00Als79(Sis35Al1 65)020(0H)s Si:3.72 Al:3.18 | -0.28 | 3.79
Chl 373 % | (MgsooFes20Al63)(Sis73Ak27)020(0H)6 Si:1.68 Al:1.44
Pyr 42 % | ALSisOx(OH), Si:0.33 Al:0.17

Average muscovite composition :

= 1.19 Si = 1.39 (30.9% Chl)

Al = 1.04 Si = 2.08 (26.1% Pyr)

(K, Na, Ca) = 0.86 (Mg, Fe) = 0.00 Al

(K,Na,Ca)2.00Al3.69(Si6.75Al1.25)O020(0H)4

30.9% Chlorite (Mg4,90Fe4,20A12,63)(Si5,73A12,27)
O20(0OH)6
26.1% Pyrophyllite Al;SizOx0(OH);

= 2.54 Si = 2.61 (43% Mus)
(K,Na,Ca).00Al3.96(Si.05Al1.95)O20(OH)4
(100%% 43t ML 315h4)

o]l ATg B, ¥ 19 1W $EF A4S T
& ofelsh 2ok

Hshe 7 3B G 334

43% Muscovite (K, Na, Ca)z00Al396(Sis0sAl195)

020(0H)4

ojgsle] & 19 FEF UAES &

23 Ay & 390 AT
E 9

29 defo|E(M SR, stol2BetolE B =
o) B BAG] £3Y RLE, soj2Y
ehole 9 ZUNe JrhE §Fe FFHOE Y
317] $ishel, oWl ATelAE BAE HEAL of
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7

Fig. 3. TEM lattice fringe image of mixed-phase illite (Modified from Choi ef al., 2011). (a) Packets of musco-
vite, pyrophyllite and chlorite layers coexisting in a single particle of illite. (b) Muscovite (thick arrows) and
pyrophyllite (thin arrows) layers show the interlayer mixing within the range marked a and muscovite and
pyrophyllite are forming intralayer mixing along single layers between the two open arrows on the opposite sides.
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(1992)2] ©]43}8H2][AlLiSis020(0OH) ]S AFE-SHT)

3) SYN gty 2 dAdA BoE
syMel Pt sEha s ARt Y Al 53t
2L G met ddstERE oA 2
Aol Qe UMY sEtxAE H8ste 7ol
71 gl Al Aoz dgdnh.

4) MR o] 582A-E KrAl(SisAl)Ox(OH)4
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A Si(HT 6.75)°] Al(HT 1.25)& A&stadA o
474 BHE L oju AL 935t AE B4
oA Ak WL rmo] g}Ek (& 3)S JHA L YA
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