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A Study of Mineral Quantification on Clay-Rich Rocks
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2 of HEA o] FETFS g oln ALAHo= M5 WS XA 2Us|dEs dds 7
o] AFssith. FEH 4 XA Bsd HEwAE feixe SH9%(side mounting) el 9
F28] v (random orientation)2] Z(whole-rock) FHAI TS| FuH]7F H Qi) Egk, A8 AL
HEZES] 78S $18t 2 um olst HEY=2] g vl2-E(oriented mount)A A <] 0|} ol FE]
e, X8 59 d¥zpdol e7HTh FHEALS 95l RIR(reference intensity ratio)d'H3} ZEWE
(Rietveld) |- = Al WHE ARSI RIREHS ARE3le] AW XA A2 RE F IE g v3
EZE(non-clay minerals)5°] S 42 7 ATk T3 HESI=S] w3 XA IHERRE = 77
AEZE] JUFFS ALl ol & IEZE 3T F7F Ak AY XA 8- fE™E W
olX= 10°20) PIwre] XA 31 P Agt o YEHE JHEE ANSHRS W A HEHEA
TE e T Aok F4EFE RIREREI 2 EYE dho] M2 ZARE ARREA 3hE Bt w2t
A, AFAT= APACdAM Y] dAA FEASS FEFFENS HAFHeR Fske Zlo] e AA
it 2y, AEZES S15HY o 23 o] e TR ¥Fe] EAE] Wi JEAe] HE
AL o= wAsjof st FAloltt.

HMoi: AR 4, XA BUIAEY, A%, AE%E, RIRYY, HELE I

tlo

i e st ok

Abstract: A quantitative phase analysis method of X-ray powder diffraction was studied to determine the
mineral content of clay-rich rocks practically as well as effectively. For quantitative X-ray powder diffraction
analysis of the clay-rich rocks, it is necessary to prepare whole-rock powder samples with a random
orientation by side mounting method. In addition, for the identification of the clay minerals in the rock, it is
required to prepare an oriented mount specimen with a clay particle size of 2 pm or less, ethylene glycol
treatment, and heat treatment. RIR (reference intensity ratio) and Rietveld method were used for the
quantitative analysis of the clay-rich rocks. It was possible to obtain the total clay and the non-clay minerals
contents from the whole-rock X-ray diffraction profiles using the RIR values. In addition, it was possible to
calculate the relative content of each clay mineral from the oriented X-ray diffraction profiles of the clay
particle size and assign it to the total clay. In the Rietveld method of whole-rock X-ray diffraction, effective
quantitative values were obtained from the Rietveld diffraction patterns excluded the region of less than 10
degrees (20). Similar quantitative values were shown in not only the RIR but the Rietveld methods.
Therefore, the analysis results indicate a possibility of a routine quantitative analysis of clay-rich rocks in the
laboratory. However, quantitative analysis of clay minerals is still a challenge because there are numerous
varieties of clay minerals with different chemical and structural characteristics.

Keywords: Quantitative phase analysis, X-ray powder diffraction, Mineral content, Clay-rich rocks, RIR
(reference intensity ratio) method, Rietveld method
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A7F AFeA FAEE
ZstEo] AEZES A HIAL o] o]
3L EAEo] o]qtolu} Algke] 74
sPkEslA] EFE Y wdE sk o
ojsle} WAg Wk MAE HEZES tE
gatAl . o8 e HEZES
SHE 5o YEEAHEN ol
E o] 52 dH2 HEEReE
o2 EEI JThMurray, 1991). E3H &
2 AQoM e GSHET A AdTx
s 98 HE 2 HEA A2 F83
%32 QltH(Buatier e al., 2012). 3+ AHAH¢]
T AFAFENY HEZES AFYY FE4&
A= ATE 7] wol] AR wigeE B rtellA
238 oA L JTH(Wilson et al., 2014). &=
g HEARES Sg4ASdE IA 938 7] d+
o] A AlFHNA AFHA ] HE TS dot
e A2 w9 Fesh FHEwL Ark(Eslinger and
Pevear, 1988). I EZ Ao 1YFE2 JEZ=
olM, A4, F4, BB E 5
wEbx AEA MY o A8k 2 FEe] =
TFS dollle A2 Ao F99 548 AHE
T AT 7IEHAAME wg- Fa3E Zolth

AEZD M2 X BL3du S Fasle] 3
EXAE gsta @St 4 dok(Wilson, 1987;
Zevin and Kimmel, 1995). 2211} JEZ ¢k4e] XA
T SRS B2 ofggel mET 53] 7+ %

AR o] AR B4 B =€ ot d
L 3lch(Hillier, 2003). -] HEZELS H|S=3
ARTFZE 7ML Jolx LT f1X]o FHu=a
7F Yefde A7 B3, s g RxAoE o
o] WEo] EAls, FE YAES W] FEE
shal do]A F-2+29] i S (random orientation)<] -
A PRE-E (powder sample mount)s THE7|7} o]
& TH(Moore and Reynolds, 1997; Hillier, 2003). ©]<}
7ol HEZES B2 XA -4 ot F4 4
ARHEA S ofHA it

HEZES] B4 w4 &, BENES 2um |5t
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HE A St B2 A7AE 9Et] FaE o
A gom olAlE HEFE AHS g x5 ges
] dukslzlo] Qlok(Wilson, 1987; Moore and Reynolds,
1997). 5=k, 0] E W3] A1 ¥ (oriented specimen)yS
XA B EEAsle] HEZES 7He] A S
SAPH S 2yl A FEA S = 519 th(Biscaye,
1965). 1e2jvt HEZES Efsle] FEA oM Y9
RE FES AR Fgs wHske A 9
oA A3 o] f wfifol] =EA FAHAA S
A A= AR wet &7t el Al
YERITHMecCarty, 2002; Omotoso et al., 2006; Raven
and Self, 2017). ©]¢} 2 A= FEZES 54
Rk ol g} RARbe] A7 |e HEo] BEHH
A 9aks AA Fe-dvke S HoETH(Raven
and Self, 2017; Son and An, 2021).

XA 3o ot FE] FJHEA WHELS RIRY
Wi 2 EYE wyo]l 4 A 9lthHubbard and
Snyder, 1988; Hillier, 2003; Son and An, 2021). &%
=2 T3 9 FAHEAR o] HHES AT
4~ Ath(Moore and Reynolds, 1997). 238y HEF
E9] glah4 9l 23z 542 o] MHES W 4

&3] g Bk WEA 94 Ul vE BB
A ow Bas] dais AR AR, FE2

N

3, RIRGEES] A8, el=gE T2 age) gz

T2 Wds] AEste 288 a7} AkSrodon e

al., 2001; Hillier, 2000; Hillier, 2003; Taylor and Hinczak,

2006). EA o] AL HA ¥ =AY

F YA AGE S ST XA BRe A

AR A1 FFRA P Y2 P sel,
[

=
A71EE oleld FAHES sidsta ddHo|x 4

1

o
o
Mo r
4
o
it
o

X 31de ofg FE HFEA o g A g
0|82 oln] o7 =&oA thFoix] Frk(Klug and
Alexander, 1974; Chung, 1974a; Chung 1974b; Wilson,
1987, Snyder, 1992; Jenkins and Snyder, 1996; Moore
and Reynolds, 1997; Hillier, 2003; Son and An, 2021).
o] ERONE HEFES TF ST Uk AR
4 okie) A BAL 99 ol2d WAL U4
ot Yt

XA 2 RN TEolA = 3H =9 3
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@E;f—__] o]-lag]
EEEEMIEERSSE R NET gt
Fappar ozt Y8 Uk, AYEFFAS 5ol w
2= Hslslr] witel] X 318 FEHEA S o HA)
dtk. oe B PshHE AT FEo 3
FE FE 95 S NS 5 AewS 7 #Ed

Z-galok sl=t), o|uf AMESRE ARE RIR(reference
intensity ratio) 3= MIF(mineral intensity factor)2}
3 &}32 Jtk(Hubbard and Snyder, 1998). ©]2-S 54
FgE0] YA} v 7 F=e oA
3dv)a Ao T F= 82ES NI whel
T}(Hubbard and Snyder, 1988; Chung, 1974a; Chung,
1974b). ©] = A= RIRZ & f(terminology)<}
MIF& &0 F 52 (whole rock analysis)2 |
M= RIRT &oJ5 ARE-slaLzt gtk RIRE 7%
(corundum)?] (113)¥]35 7|5 HAHCE 3l 7}
FEo tiste] AMtE gregA Fagtedd 9T

= Aotk &, RIR#S 453 ¢4 o
Fes 1l AR 6t XA BdS k3
o, S| =AM Yelhde 5] (113)93 F=
v s @ g 7P 2 F30] Aws 2 %
=9 RIR#LZ A3t Z o] th(Hubbard and Snyder,
1988; Hillier, 2003). RIR#S &7 =W FA4]8kazzt
b ARl FHEel Ut FRES PR & 5
7h Ut %, 7k o] RIRGES UL 912 ), 84

=, 4 =
S} she HEAIR 73S AAFET 10-20%)

o o 1 wo

=, lups A8 ske B2 5990 Fug
i},

Te} o] Whe 49 e WHEEES AR
of #7] wZol AH-3 AlE= Bkt
FA0] Ak wetd] B TFE RE

| =IRy =
At
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X = ( RIR Zlhkl)lj (2)

! I(hkl)ii:] RIR
A7NA, e BEi©] 50|tk 2)42 &4
NE TR BE FBo| 2AH Aol A

F Q7] WZFe ALtE ZHzbe] FES BF H5h]

100 wt%2 AAke 4= Q).
RIR#S FES &

Aol 7171 2 4

=
222 Fale Zo] 2ok 2y 573 v BES
T3] o A T B2 wAHo] 7] wiiel A
AZ ZE 2427 RIR#S A3 78 7= sioh
wEhA] A 3] 4 H| o] B Al B (ICDD) = #2434 7
(PDF)°l| #& & TN 244 E4 dslo
RIR# S VLEM 3FAste] A ¥t A THICDD,
2022). oW, 11,9 c& 7+S(corundum)S &w| 3},
PDFO] V= A3l fate] 28 A= A o
T2 ARz A ALt oA A8H A
ot} wetA], Al4tE RIRFS AAZ A EE 713
AFA A8 A o2 457 3Es] gk 53,
F=oll A RIR#ES] ZFol7h A Yepd=t] o] A2
AAge] FES e FEo)E = SRS T
A g sl WFo] EAEIAL XA e A=
A FEFE F71 "iEo|th. A3 o] B Al E
(ICDD)°IA A& RIRFS ¢hAslY 403 &
Aol FJHRAL 71RO 7 slo] RO g AL
Zo] fjititol”] wjZe] E ANEE HHFE

B2 FEo g RIR#] o
2] 310 wkEo] lojA gl B4 staAtete
F=3 A 9 518t o] frAR RIR#ES A
l5lo] o] &3 427} 9lthDavis and Smith, 1988;
Davis et al., 1989; Hillier, 2003).

AVH A 2= (tetrahedral sheet)?} 2 A & (octahedral
sheet) 0.2 TAE HEFE E2 7|2 AHT2 &
dal7] wiitoll XA 3)dE Ao SHFaE v
A Yebde 797 Bk wEb 2 um o8k o
o HEWS 2et wjdFA nh-e-E(oriented
mount)A| TS A Zate] Alokx et A E §F &



XA AT S AAsH 717 A ERE =4S
A gk 4= A H(Wilson, 1987; Moore and Reynolds,
1997; Eslinger and Pevear, 1988). ©]u|, RIR®H}
H|S=gk WS ARgste] ZF R EZETRY] A 3
- Fgslst = Ath(Moore and Reynolds, 1997;
Hillier, 2003). 2] (whole-rock analysis)2] 73-$-
o= 7ZFS(corundum)?] (1132 A =2 7|EH 2
shetl Wate], JEZE 48 913 RIRE Y]
E(illite) (001)7]Z9] =g 7|Fo2 gt 5,
ZolES U2 v HEFES 1] ZFH 2 4
X ERAE st YER= deke]ES] (001)F]
A} HaEE UE HEZEY 3T & RIRZ
ARE-gI}, o] s=ollx e AAHEAlel ARS-El= RIRZE)
TEE fEIM FEZES] JUEERs ALt 9
gk RIR ™3 A4]= MIF(mineral intensity factor)@t
£-o](terminology)E AH&-3t A} g}, ZF A EF-E-2]
MIFRLS 471 SleliM e Z42e] 48 JEZES
22 gt a8 AAR o5t JEGE AEE
Q717w oH ). webA] £ HEZES] o&F

ek 1219 FAAES AN £ JdE AFEH =
239l NEWMODE A3l MIFFLS d& Aol

Y HkA o] th(Reynolds, 1985; Moore and Reynolds,
1997). <, NEWMODZ 7}7he] HEFE gt 3]
Ao E-g Akste] Zdgst & Akt detolE 3
A} o2 JdEFES] SEfES sYs o=
3t XA S oA Atetal 9aHAS
H|wale], dato]E (001)3 2] tHEE T JE
BES] MIFEES &5 < dth. o9k Z¢] NEWMOD
ZR2IYPOFRE AL MIFES ofe] Faoa
A 71 A thReynolds, 1989; Hughes ef al., 1994;
Moore and Reynolds, 1997; Hillier, 2003). w&}A]
71E E¥olA MIFsHS A9 sk4 Y NEWMOD 2
2a¥E AMEste] A MIFE Alxel &, & HE
FE] S 100 wi%E st 7F HEZEES] A
A s 48 U Aok

FHolle HFEIEe] wes) s XAl dze
" (full patternyS Al4tsle] FES FJHEA =

Ha Qdt olF Z g W 2 EWE (Rietveld)
oln], o)l XA BN dojr XA
AT Y3 PEWE IFAYAS AXsl] I
ANGDo2H 77t BES ALsels ol
(Taylor, 1993; Sietronics, 1996; Taylor and Hinczak,

2006). | EHE 3™l FEo] slehH 9 AA
2 a0t FAYHel TS T IHALE

g ALl QJBlA TEAIH, XA 3HEAY]
oA Aozl XA F| A =9} A5 (least-square)l]
osle] HZ o2 UX|(best fitting)r| O EH 7172
F=IFS 49 & JrhRietveld, 1969; Taylor,
1993). o]Z1& &3t & 2og FAIE 7t Q)

W,=S,(ZMV),/ ZS(ZMV), 3)

71 W2 AECEE EFA) t T r FES]
JEE v, Se YEHME HAs2HE fxH

WE ul-8H<=(scaling factor), Z+= TS| EF 34
Q9] g, M2 32 ©ele] A AT ), ve ©
E AF At} FES] FHS HFTHoRE A
2712 A= S, = YEIE wl&(Rietveld scaling
factor)el] 2J3liA HoJAAl =H=H], o] FEHE wi&
o] fJoA A g RIRY TS gttal & = Tt 5,
ZEME HZst AP 2t F=¢] RIR7F AE L
T B EME w9 o RNE FEghdel 24
A "tkSnyder, 1992; Taylor and Hinczak, 2006).

N

NEZH| 2 AN
AEA Ao gt FEA T EATH AP 2lsl
HFEARE S1e AT A SE o]d Y-S
ST oAk AfrAlLlolM i A
g Rt ofuet AFEH] YAY TS sk
7] o] o] ¢te] FERAES otete AL ol
8 3} tH(Eslinger and Pevear, 1988). Fgh ] ol
oAM= MA7tAEAL s AT A
3L JlofA] o]Ae FERA] AL US T8
Al H3 Qe o] A AEfste], L& A3 AlY
SollA AF7raAd gAE faEl A5 oldSE
3

ot @
;
4o 30 to x> X

rx e of

X 10 um o3} Y=o
A RE ARl s A= Ut wEbA o] F
SFARE 10 pm oI5l ATt B UES B

FA Zol(grinding) A S-S AZ23F HH(Jackson,
1969; Moore and Reynolds, 1997). AAdm 73S &
stod -] YA7E 10 pm BEDS FRIsHA S
v 9@l Al AleHA ZA =W EEA|ETE

Korean J. Mineral. Petrol.



HEA o] =%

b3 g gRAe) ol27] i B

Aol - =7] W 53] Fort a3t w
g YAEe] AW E A ¢ e 1
2 (side-loading) W'HES AME3l] EEAIEE XA
A4S Qg AlsETdd vRE ST Moore and
Reynolds, 1997; Son and An, 2021). o]u] ELA] &7}
FI2A AEEHY FYE T UEE AR Eo] %t
gt 2EWS 4R SAEE vl ETE AMES)
S tHSon and An, 2021).

iR HESE X4 F8uas JEFE
NZ2 AR F37F 271 vl A (whole-rock)?]
o] EARIe 2= 717 AEZES] FEXYS A
2 24 ¢ ok Yoyt 4S8 e
RE FEo AFEAS T 7t gl wEhA

W

ste A AYD darh Ak 2um ofst Yo
AEREE flste] f4EelZ]E 750 rpme] ==

(segregation)E WAE F U7] vl AHFE
$Jste] HalsHl A2 4= th(Jackson, 1969; Moore
and Reynolds, 1997). o] d-Folx= vjggdoz v}
SHE AAL Azt XA SHEA S A8
Ztzte]l AEZE 24 A8 AA AT 2 um
olel =B B E AlEE 259 dAEI=
FRsle} FEfol=me) 2ol o] vl &R (oriented)]
A HE A2t vl gk AlE (oriented specimen)S]
XA IEAEE A, o] wigHd AlHE Eof Yo
eAFEEZ A9t 550TC X2 s, o
dalFe2]F A2l 550C EAeld AlH tsle
THA] XA BJERA S sle] SAEE AATH(Fig. 1).

XA 3-9 e Philips X’Pert MPD7]7]1S A&
&to, 40kV, 30mAA NiZEHE AR Cudbge]
XAAE& A5 ZALsl] 715830 A EE 30
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65°(20) T+ =439 3L EA| S (clay fraction)=
3°-45°20) 778 AR H 0.01°Q0)HEo= 7t
2 (step)d 0.25% F% SG3AT. S (slityS 2At
<3 (divergence slit) 1/2°, 74E3 (receiving slit) 1/
2°5 ARSIt

AgEA o] thgk XA A=A & 4 e vk
Zol, BAE dAe M A, 28 HEZ
58 FAEo] thFig 1). HEZES 124 A =29}
449 A9] ¥=7F B o7 A YERGAL
2 um °J8t Y=o wiEd HE gk XA Id=
ME 124 A M3E A T vehe AL
E T Ak o] IARAM = TEEUlE (001) ¥
A% FEleHA vehdtt. gz E A2 g A5
SHEE 124 A Y37} 171 A 9AE o] 53
A& B F 71 JEd, olAL FKnterlayer)ol] J=
ERAZ (water layer)S AEAZFEE EAE°] X%
g o Yehve Z2HEo|Eo HYFZ QL dAdo|th
(Moore and Reynolds, 1997). w2t 12.4 A9] 3=
2HElo|E HEFEO] 1AUdS A8 Frh B3,
dEAZEZ AE Mg XA SHEdXE 100A
QIXel] defolE A% YeR}aL 9tk 550C2 €4
28 A5 XA FHENE 17.1A 99 29
Efo|E ¥3% AR 10.0 A 91X 2 937t
Epd B3 7A 91X19] Baw AlebA MR o] ¢}
2o -y I HslE & u, ~HElo|ES] F7F
(interlayer) E&o] B5F ARFAA 17.1 A $1X]9] 3
= 100 AR olFsIHSS & T deH, 7A ¢
2] 727t Al = A 550CellA AR F27F
e E4o] e 7HEEUelEL EAIE XA
itk weba ATE AEC] HEFES 2YEC|E
7} TR FHEE| Vel ES defo|EV) Ao R
Eo] e AR A ATH(Eslinger and Pevear,
1988; Moore and Reynolds, 1997). AYA 59t HE
A= AlEe XA 2234 B4 A4E F9shd,
EAE o]-HS AEE A9, AP, 2HEIE, 7t

2T HOlE, defolER 7AE Zlg #Rld ¢ Sl

o -
FEo Agsls ATt AdrEe] XA 3
L5 RBwW, ule-A (background)o] E-5351A 2-ehet
DA AL Aol BH A VrebdThFig. 1). oA



436 21

INTENSITY

171A

Whole-rock

Q
Q Q

Untreated clay fraction

Glycolated clay fraction

550°C-heated
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Fig. 1. X-ray powder diffraction patterns of the studied clay-rich rock. Sm = smectite, I =illite, K = kaolinite, Q = quartz,

Ab = albite.

Mg A

it

o= viAd FEol A9 Ee IA
ANk}, et A= v18E FE2
=oAL dAstaL 2Hte] Fas g stet
o FT2 100 wt%= st

EAE oA A 5= MY, APEA, SFEIE,
TRl E, dEtolER g Eo] ok zEv A
(whole-rock A1 52| X4 FdZox = HEFES]
Hage] A= FA vehtr] wjEel zHzte] HER

=0l tg AFEAL =rbssith =3 XA 3

ﬁ
=
N

o o

'E‘
ol
=
S| o
_’?‘_

ol g

=
g

LolA =ZA Jehes (00 e HEZES] 315+,
=2 dslel 94wl (preferred orientation)?]
Zo wEt Ax=shyt 24 v wiEell (0013
A5 AT A BRFEHRY 2x7F AAA Aok
(Moore and Reynolds, 1997; Hillier, 2003). 8|22
FEFEN MM e EFTA] IS Bol W=
(001He] 31-u| = AME-2 A=A 5 ATk Srodon
et al, 2001). WEtA] o] AFolM = ¢4 & HEF
o] S AFEA otk HEFES F2FH o
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HEA o] =%

2 APHA|Z(tetrahedral sheet)?} '8 3|2 (octahedral
sheet)O. & FA=| o] glom, BHAZ| Folo] &
AZ F U= HAE EF AN ed AZHA
(trioctahedral) H E3-Eo]2}l 3l o] o] E
Z 7 de fIX] 239 Folo] AL JqeH
o] (dioctahedral) 4 E33-E°]2}aL SHH(Eslinger
and Pevear, 1988). X-Al S| g0 A o]FHA]
EF=2 448 A AN I=27F ey A
AlelM = 4.58 A ZA A 9327 Yehues AR
2 A ATHHillier, 2003). 2B 2E, AFH A9
XA Az Yeh = 449 A 93 o] FWA A
E33E0] F30thFig. 1). FEYES] wigd AlHo
gk XA sldxg FE 2HEe|E, dEtolE, 7t
STl ES] HEFE0] o|n| T UL o] AI7Re]
HEFEL 1% o|dHA e JEZEo|th upahr
A L] X4 AEAA = Al 7o) HEZE]
25 FelAA 449 A VA2 Yehhs Zlog di4
2 &k

oj¢} 7o AF}ZKEE HQ, APEA, o]BHA A
EFES AINFY XA IHEZRE AN 5
7F USRI o] FEO AFEAS A% RIRFES
o] AtollA AREE AT} Hls=g HEAL | st
Ad B30 230E A chHillier, 2003). % JE
BEO S 9 RIR@ a9 A¥As A4 A
=

I

T o=
Z3lo] A& & U o] o] e grg RIR
oL Table 13} 74}, 3L Wby A5 2RE 27t
P

dEAE] AJUFtEs A4 99 MIFRES
Table 29} o] A& = 2AAth.
Alge] BAEFEAS 98] Table 125H A9

334 A 93¢ RIRZE 4.04, AF34] 3.19A 9 =29
RIR% 2.07, o] WA HE 448 A ¥ =9 RIR%:

Ao

A A 437

Table 2. MIF values calculated with the NEWMOD pro-
gram available for preferred-oriented clay minerals

Mineral Peak (001) RIR Reference
001 5.15
Smectite (no Fe) 003 0.36
005 0.93
001 1.00 (unit)
Illite (0.1Fe,

0.75K) 002 0.37
003 0.77
001 2.40
Kaolinite 002 1.70

Hillier

003 0.14 (2003)
001 0.55
. 002 6.59

Chlorite (3Fe)
003 0.64
004 2.65
001 0.65
. 002 0.96
Chlorite (3Mg)

003 1.01
004 0.97

i
ML

0.72& A=), dlg Fa9] Fre XAl 3
A71e] FAE LZEQORREH fa9 HAS F
Z3te] WA 7} = (integrated intensity)Z FE LA Th.
7} AR E w20 HARE ZHS RIRFECE Lhe $oj
100 wt%= stod A9, APEA], o]
A HES] FFhS T th(Table 3). £4€
HESS 4 44 wt%, A4 15 wit%, o] HHA|
AE 41 wi%ZE 7350 Je A= A=

EAE A FE 41 wi%e] o] ZHA HEFEER
TAE 0] o o] HEFEL 2uEe|E, 7128

o
o)
[t
o
of
i
tilo

Table 1. RIR values available for quantification of clay-rich rocks

Mineral Peak position (d-value) RIR Reference
426A 0.80
Quartz 3.34A 4.04
. 1'811? 032 Hillier (2003)
Albite 3.19A 2.07
Calcite 3.03A 2.73
Dolomite 2.80A 1.94
Dioctahedral clays 4.48A 0.72 Hillier (Personal
Trioctahedral clays 458A 0.22 Communication)
Corundum 2.08A 1.00 (unit)
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Table 3. Mineral quantities calculated by RIR method

Mineral quantity from the RIR

Clay mineral quantity from the MIF

for whole rock (wt%) for clays (wt%)
Quartz 44
Albite 15
Dioctahedral clays 41 (total clay) Smectite 27.06
Kaolinite 3.41
Illite 10.48

, dEfelER AE ] nt. o]E 7Hhe] A
AeFststr] AaiA wiEd Ale] old
e XA IJE=2ZHE (00172 H
AN MIFZRS ARSI THTable 2). =,

A7} E2 2HElE (001)3] 28] MIFZ
5.15, 7}&@4 JE9] MIFZE 2.40, 9E}o]E2] MIF
ZF 1.0002 ZHzF Ura o]59] TS 100%E 3}
O|RES TR o] TR HEZE2] T 41 wt%eellA]
ettt o] FA ste] HFHOE A 44 wi%,
AP 15 wit%, 2= EFO|E 27.06 wi%, 7HEE|Lto E
3.41 wt%, DE}o|E 10.48 wi%2] FFEAAZ A&
4= AATH(Table 3).

Z|EHIE giie A|._.g_6|- MakEAM

o - OO -

B4 A5E fEEE o R AFEAE] 9
sto] A8 ZEHE AT EYoIdl SjiroquentES AR
3} TH(Sietronics, 1996). Siroquent A~ZEg| o] &
AL FAAFERTE AAgA AEEHE FES A

FRAY 5 =2 S50 drke Folth. §

-

gv

Siroquents 23 dH o7 A4tE dE md ot
ol AAXBEoA L2 IHEEE Bdslste] AL

$33L k. o3 AR ¢ SO WPt
AT A MEFBES] FFRA U@ B4

g =Y T ks el
2006; Son and An, 2021).

AR S Foted, AR thk XA S E
ol A, APEA, ZHElE, ThEevelE, det
o|E9] FAFo| EH USS STt wehA,
Siroquent 22ZEF[oJollA o] 5 F=oll ek 7zt
HA AR S Addste] YRS AAlsHA
(Table 4). 72 AAXES] A EZHE +54
AR S A on, XA sd7|25E At
® AA 3P}l HAA5H (least-square)ll «10}04
AT XA F]-7]2 FH 3-65°20)2] #1004
SHEg dolon, BEME IERE 94 3-65°(29H
AHL thste] Alikete] AXA171522) SHITHFE. 2).
YEHE ALRE 95t XA 3A7|2RE 42 3
Ao A vRghE AASA T, vtEps Al A

Z % (active pattern)9} Z|EWE 38 = (calculated
pattern)’} YX|SFEE sto] HEH o2 AX|5HAS
ZEHME Hj&(Rietveld scaling factor)oll 2J3lA] &
=59 Aol AREES sl

SJTHTaylor and Hinczak,

T

zi

XA Sz G v A5 UES 7
2 2745ke] P EME AL E Aeld ot 3-
65°(20)2] Lol tisiA YA SlEHE 3)d
5 AR 77 fidtkFig. 2). 53] FAL H=
3849 10°20) MRre] A= AoeA HE

Table 4. Comparison of mineral quantities calculated from the whole pattern and the pattern excluded the region of less

than 10 degrees

Mineral Wt% Value from W1t% Value from XRD pattern Phase 'mode_l employed for
whole-XRD pattern excluded less than 10 degrees calculation (Siroquant ID No.)
Quartz 34.5 47.0 Quartz (1)
Albite 12.9 17.8 Albite, low (20)
Smectite 4.8 24.9 Montmorillonite, CP (8137)
Kaolinite 3.1 2.8 Kaolin, BISH12 (8240)
Illite 44.7 7.5 Illite, ILLITELE (8146)
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INTENSITY

Calculated quantity of minerals
Q: 34.5%, Ab: 12.9%,
Sm: 4.8%, K: 3.1%, |: 44.7%

Difference

OnganaI

Active

Calculated

10 20

30

lllIlllllIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllllII

40 50 60

026 (CuKa)
Fig. 2. Measured and Rietveld-calculated X-ray diffraction patterns. Note that the calculated Rietveld pattern (the third from

the top) is mismatched with the measured pattern.

EE9] (00127t A Yepds Aeltt. 7t
A9 o] gl S AN A7t
A7} =R stk AHE ¥3 A=
A A== FhellA FA DoA= &S ehdh
o|E ghko] AUX|A a1 deto|E ghigo]
A Yelde RS 2 4 Atk(Table 4).
Ai—% LA 7| 27be o] A A A<
ool Aptd tlS AR ol
H]ﬂl Hoh
/\Ve‘, AEZEL Aol =7] wjio] F32t
9 wigke] XA FHEAAME Aztwe] BAE A
A G = 5 Aot T, Adze] fase X-

\_‘
1_
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(o) o

el

o

CACEI:!

A 3@ 2= S :
o] Ao, FEF=S THe ARl g 2=
AFEH NN AAE 935 AR 2 AE Al
otst 3 tH(Moore and Reynolds, 1997; Srodon et
al., 2001). Al o] A= 10°20) P9 4
o] IAEE A|Qetal FEME AT ALHS AA|
s tHFig. 3). AlAtE HlEME 3d9H- 3]47]
7|25 AL 34 dele FHo2 dXER= A
2 2 57 Ark(Fig. 3). THE, 21-25°20) Afele] ©
T HA3Ee] Fert i AR e 3ol e
t] o] BAELE AP L] FlaEoln, AP e &
ZA M3}, -4 WEEA (preferred

Q) T e,

5 [e]
g S

+

r°*'

=

°]

ol
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Q
Calculated quantity of minerals
Q: 47.0%, Ab: 17.8%, Sm: 24.9%, K: 2.8%, |: 7.5%
- Q
%) Ab
P Sm+K+| -
l'J_J Q q Q OrlganaI
z Q
Active
Calculated
Difference
[IIIIII]I|IIIIIIIII|III]IIIII||IIIIIIII||I|IIIIII||III
10 20 30 40 50 60
020 (CuKa.)

Fig. 3. Measured and Rietveld X-ray diffraction patterns excluded the region of less than 10°(20) reflections. Note that the
calculated Rietveld pattern (the third from the top) is well matched with the measured pattern.

orientation)ol] 7113+ Ao g mwelt} Tz}, 28°(26)
oA Yehtbe APFA ] o A= vl & dR|staL
AT g o] HHA FEZES X|ASH= 19.7°(20)
o] 937k 2 XAl ot ojuj o] A gk
2 47.0 wt%, A3 17.8 wt%, 2~H EFo] E 24.9
wt%, 7FEEIUOIE 2.8 wi%, LEOlE 7.5 wi%zEA]
SHIHORRY dSH= 8T F e #*EC
TH(Table 4). Fig. 4= 3@7171¢] A= €z A
2hEl RO THEoizl Bl EME -k gido]
HA o2 AAFE A A HAFA At F,
Siroquent A~ZEojollA] Aeld 2o APFA A
Elo|E, 7EEUolE, dElo|E RUES 4 47.0
wt%, AP 17.8 wit%, 2HEIOIE 24.9 wt%, 7+

Ul E 2.8 wt%, YEtolE 7.5 wi%E ot &3
StFE wl, A7 A Y v F A
5L P28 aEig ez 2 HoiF1 ). Siroquent
L EodAE 7 ] dAFEE 2y
(difference pattern)@} %2 YER|Z 9Jo™ Fig.
42] JRIEL ko] 2.97801t}, y2zkol 19 77
TF 3 dAE AN AR 307 R e A

At
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Active pattern
(background subtracted)

Calculated pattern (3*=2.978)

>
=
()]
zZ
L
'_
P
T mixing
47% rtz
A ) U VNI N J\ I ql?\
H 17.8% albite
k 24.9% smectite
2.8% kaolinite
7.5% illite
IlIIIlIlI|IIIIIIIII|IIIIIIIIIIIIIIIIIII||IIIIIIII|II|I
10 20 30 40 50 60
020 (CuKay)

Fig. 4. Rietveld X-ray diffraction pattern fitted with the measured X-ray diffraction patterns excluded the region of less than
10°(20) reflections. Note that the calculated pattern is a pattern mixture of 47.0% quartz, 17.8% albite, 24.9% smectite,

2.8% kaolinite, and 7.5% illite.

E 9

)
i
1
o
)
oft
i
ot

d falal e JEA 49
et FE RS B2 ofglgo] wErH(Omotoso
et al., 2006; Raven and Self, 2017). °]= JEFES A
2 Hsg AZ72E 7HAL oA XA EE
oAl FEE 7] HAAATE FAKSE IR]olA A
2 FHEo] #FE e 97t o, e HERE
olgt At AHE B FxZ Aol st 1
A°] =7t At ¥istslr] witolt). gk HE
FE2 W3 G (platy shape)E 7KL oA ¢
2wl 8k (preferred orientation)®] =7] wj&-oll F-2t
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212 wi&(randomly orientation)*7]717F |A] %L,
oo Wz} X-A AL oA 4 W] vas
o] iAo g AA YehA HH, wEpA o]
Aol B 43S 1 9ot ol9h 22 A
A HEZES e g4 AN S HERE
< SHrekal IRl e o] ARl Blste] A
Hog o B2 A7k wgo] ayun Folg
2= gt

o]¢} 2 FAEFES] 54 HFEE XA 34
TE AXtete FES AFEA e WA E A

2 1

o
SN FO] XAl B A ERES TR AlMg-sle] el
7S o]@ A FthSrodon et al., 2001, Hillier, 2003).
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AEA g AFEAe AsiA M =88 A
AEZES EFsle], d4e FA3 e BE 3E
A 8e] g3k o] A= ojoF FFH Q0 HH
Ao 7Fsd Ao R A7tE), npeba] BdH R
EFE] 4] 228 2 um olat H

kA mFLE (oriented mount)A]H ] XA 3-E-
Al tist eI E A2, X2 5o 43
ol Bamrhdsith. =, x1 ¢k (whole rock)e] 2t
9 wige B XA sldxe &Y 2 um ©]3f
HAEYES] vjey 2% XA JAEE 78 By
A5 2 stejolit HEA A o] FREA g 7hssiA
Sch(Fig. 1).

m

o

H

o
B ZE Ao o

JENE HAE AL oF FEEY PEe 2
oFe] FUN RS} FAIZ HGE S AAZ 3
39T gl AFE HEDEEe] B4 wre] B
g YEAE Yo HEAY] HFH 4

FEAS 7|gE] oF e wElY B AFAES
RIRWH| o]3le] HEZHge] Hata s 43514
2k THHillier 2000; Srodon et al., 2001, Hillier, 2003).
a8y RIRGYE XA SJHE AdollA] 7h2 91Xl
327t yehbe HEFEELS vaE AAs)7) of
Heh =3 S SET A (001N ES =
2 gl 3}et# <l Wshrt At RS Qe 1
A2 AAs7] ok wEkx AA 7 318HH QL
FFS WA B aF ol bF W] IHHAE
AR vt Aot gels| = 2EElo|E| dElo]E,
7h&E o] E9} 22 o] LA (dioctahedral) TFE
71 AL A4 3 E(Al-phyllosilicates) S 4.48 A2
AR A FEEA T A7F e, ARV E,
U3 e AT A (trioctahedral)2] MgFe-273
THAFAEE (MgFe-phyllosilicates)S 4.58 A2] 9]
oA #A7t JeRdth webA o] 7 33E ARE
oz AU F HEFFS AFslsle Aol 7t
F3IthHillier, 2003). A7E Al59] XA A =0
M o)A HEFEL 449 A v|=vt YehyL
AthFig. 1). ztz+e] FEo] 3 RIRFS Be
FFA AABIAL QoA o] &F & AUA|WF 448 A%t
4.58 AdlA UeRht= oA e} ARgHA] 139 RIR
W A s ot webr] ARES A
B XS AT Bl dAEE Ayda) 2
A FEFsl] o] F 9= Uig RIRFS LS 5 9
AtH(Table 1). ©1FEA +d 3iF A+AZHE 2
A FRE RIRFES o83t e #AS L Ae=

44 wt%2] A9, 15 wt%] AP, 41 wt%e] o]
A AES] kS A E 7 AATH(Table 3).
F359] AF|M % Table 19] H 23+ RIRHELS 5
3] o]go] 715E Aoz A7t §H, 2 um ©]
3 HEQJEY wigky 2 XA 3z o
41 wt%2] o1 ZaA] FEFEL 2HER|E, 718EU0]
E dolE dS & 7 Ath(Fig. 1). zH2te] A
EFE -2 Table 20 AAS HEFES] MIFg:
< AFE&SH 100% o] HER 7+ F o o
AL ] 2 HEZE 41 wtol] F-&3te] HE4
o2 2HEE 27.07 wt%, 7FEEU0)E 341 wi%,
ATO|E 1048 wi% we B T Ut

AREL B EYUE W o) FEFFE
e oA HEFES TRl Ae Al
EME 3dygo] 31772
B3 Ay A AR HA FS S8l A3t
th o A+ olet 2 EUA7E 10°(20) PIH
AZe A9 A5 Yt A ERlskin
o]Z-e Azt gole] (001)WIAELS 24, 3157
o2 W37} Aletar 7249 vijgke] ofele HEF=ES]
E4< A kgt o17] wjoletar Az w
2Z}A] 10°20) VY G99 dE= A9t HERE
IAEE ALteINS W S vk 4395 As &
AATHFig. 4; Table 4).

RIR W3} 2EME Woa e T JF
A ke AR o 2ARHA YERdTH(Table 5). A
A, ZAM AR A = 83 AR S EK(real value)S

et F, AES & 771 fle Aol 9l
T AIEE T AR HAES =
w3}k 9 xR o2 WMo gkt zpdat
AAFFS A ge] BAEE = fdvk o,

o S8 NI Y Abgel £

Rl |
FEA 2 AlF=rt &8 $olth(Omotoso et dl.,

-z
v
S
[
it
Re
(Y
o e & W o

E=

F

1
o

F

o o o 30 Hdo o g
juru{nlo
L Lo
2
N
N

Table 5. Comparison of mineral quantity values by RIR
and Rietveld methods

Mineral RIR method Rietveld 7method
(Wt%) (Wt% at x*=2.978)
Quartz 44 47.0
Albite 15 17.8
Smectite 27.06 24.9
Kaolinite 341 2.8
Illite 10.48 7.5

Korean J. Mineral. Petrol.



)
A

(o]

Y
1o

)
e
o
o
M
T
E
re
4
o
IS
W

2006; Raven and Self, 2017). 2|1}, o] Ao
_‘,:— 7]—;(] H]—BJ oz EA/HE] ;gakﬂ—o] Hi :_/\]_5—}1;],{_
o X l-mo] rE X‘]E;ﬂ o]—/ﬂ,] ;Gak\ﬂ/\%oﬂ 2
24 489 5 Jths 22 alFh 7
A AESIEe] uigRd Al (oriented mount)yS

ARESE JEsFEe] A 4oz I slk(Fig.

). AFZFE AAS RIR#YFH MIFFES A9
AEASL A5 AFHEAE gt FdsiA A&
2 F eSS HAETH(Table 1; Table 2). FEWE
W o A = 100(29) n)gk gojo) IFHEEE A28t
FEHE IHT-E ARSI 24 HZA o HekiA] kS
ae 5 Atk

AFAFAZTE A JEASS FEAFEA W

= sATh 4 HdAA s X-

o oE
ot
=
T
L

oriented mount)S A Z}st= ZAo] 4o}, EgH
7]—7]—/] XJEJJ—E— 7 j% _?,]—o‘}-o:] 2um o]g @E‘QE
o] v AHE Fasitt AhEEeE BE FEY
%A o] gkE A, RIRYY oI EX| 2EME uhy

oJste] Z4zbe] FES ZAFEAT 7F Uk RIRF
E2 Table 13} Table 2E ]%?—} ZF At ALA]

>
o 1o
>~
2
by
i)
b
Hﬂ
_1
U
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—~
Hﬂ
o
s
< 1o,
i
o
-
ﬂ

=
IOU:] X%th:/] Hﬂa—bﬂ X-* AR FEHE
ore) e s 78 471 Aok BlEdE

Whole Rock XRD

!

Clay Fraction XRD

Mineral Identification

[ l

[ RIR method [ RIETVELD method ]

Rietveld calculation
regions excluded <10°(20)

Mineral Quantity
Determination

—

Total clay and
non-clay minerals
with RIR values

Clay mineral proportions
with MIF(Clay RIR) values

Mineral Quantity
Determination

Fig. 5. Workflow for the quantification of clay-rich rocks.
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Rl 1% 10"(29) nk goe] SHEE AT
u sl Qg 43
2 A —“vj:ﬁ% T3 71 ArhFig. 5). AL
FZRAHoR HEYY AN FEZE
T+ (turbostratic disorder)S =&E-3s}al G
HHeg wols] slskol, Bre o] EME
ARYS AEsly o, o]E FeEAd A
=333 QQek(Ufer er al., 2008). &4},
27 9 st wash SHI0] e A4
AEZES BF 299 & 7= glon, 94z
A3 (routine quantitative analysisy =3Jsl= 2
FdoM = ARS-E 7F gtk 22128, Fig. 59014
AN E e AdA ol HEshA o|AdS A

4T = ol 2 & vk

ol}ll 9 _pJ e
' Jo

Hm
1%
o lo g T

il

g £ = AeAe =93 .
A, 71 RHom XA BUeld AR 98
3]

e &H }.,_a (51de mountlng) ol o3t

g9 Fu7F dasit

A, A L e HEREY S 9
Skl 2 um o3t FEY «] Hj &g wl-E (oriented
mountA|H 2] FH]e} o|HAF2F A, Ixe] T2
Aol a7dTt

AR, RIR & ARS8t Ak XAl Sjd==s
Y F JEIFT v EHRE(non-clay minerals) &
FE EE 7 JoH, AEARS] Wi XA 3
Aegiee & AESFIM o] dEdee] 4
e s AR 7 Qo

A, 2| EME WM e, A XA Sz
10°26) vRte] XA 3 G2 gt Foll HE
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AHA7)E NEARE 22-3311) AL Yoz
FHE ATt A= AlEe] AASIDEd oJsiA =2
A A=A AL ES] Mg A A3 gl
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