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2°F : @ulo) E(albite)®} A9, 281 U AHRA (microcline) PHlOES §&F ETHE
A8 & mlA sl o] ol tld] Rietveld refinement W& A3t FAFEAY £ AP TR EH
& 4 A3l Rietveld refinement & o] 83 HFEA Ao FFHXs dulolEY
Ao B& ERE AEQ EMAcE 4 wi%, ulAGA I dulelEY EF EFE A 89
EYAels 1 wt%dd oA HEd 13 g o|&3le 7|&9 XRD FFEAH Add
Hig] €4 F4" Helth 3, AZFEMN FAld doie 4 FTHFEY DAXASFUE
AeeA 2 Ao FFHAT
dutolEQL Moo & EFEAY A2 U2 ZAHAAY AE SAHS 7IF FEE 74
H ASY AFEA ZAFod= AA FAvY vag u 72 Hol#AZel YEhdy. #E
H ZAYAY viE @A < (preferred orientation parameter)9} R-gte AAYAY EHLF
o229 WEaA7} v FFo] Rietveld refinement EA]o) FHSA A4rd £ g7
2o 7R Holy} LA = AYE R A} Fr}. Dollase-March @ Rietveld-Toraya g5
o 2o Z2AFYAL] I8 BAYHLS JEAI I F A4 (unit-cell parameter)] FA ol
=&E FAN AFENAFNE FAATE He AV de AL B AIZEA EF
Azt EHALS 53] Holy FEY FANs AAET 47 A 2HFE &0, ol#
HAL AFQYAY] 9 wjEol tvlSER AESHWHAA dojus ado g Aoz @iy

a

Rietveld refinement Y& E% X-A Ao vaES 2T Eaglol JEd=HPAN
£ @A EAgoEN may FHAALE FTEY £ 3, 71£Y XRD FFEAY v
sle] dzle) wd@Ae] BAF S HA8AZ 4 Utk £F refinementd A& G T4
Fge) A=Y niHdr gA FAFEete 4o AL 22, Rietveld refinementE o) ¢
3 AFEAHL v $ B FEFH ENEAHGE 48 5 A= Yoz AdEH.

ABSTRACT : The quantitative and structural analysis of the bianry standard mixtures of albite
and quartz, and microcline and albite were carried out using the Rietveld refinement method in order to
investigate the accuracy and precision of the method. The quantiative analysis using the Rietveld method
results in a standard deviation of 4 wt% for the albite-quartz standard mixtures and 1 wt% for the mi-
crocline-albite standard mixtures, suggesting that its accuracy is far better than that of the conventional
XRD method in which only a few selected peaks are utilized. Furthermore, the unit-cell parameters of
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component minerals in mixtures were also estimated accurately during the analysis.

It was observed that the refined weight fractions deviate systematically from their measured values
when the method is applied to the mixtures that contain minerals with different degrees of preferred ori-
entation, such as albite-quartz mixtures. The preferred orientation parameters and R-values suggest that
the systematic deviation is caused as a result of the preferred orientation effect of feldspar crystallites. It
is evident that the preferred orientation corrections are of help for the accurate determination of unit-cell
parameters, although they may not improve the result of quantitative analysis significantly. The refined
weight fraction of the mineral with higher degree of preferred orientation in mixture is greater than the
measured one. This is apparently caused by the effect of geometry of feldspar crystallites in the surface
of the mounted sample.

The Rietveld refinement method minimizes the problems inherent in the traditional XRD methods, such
as the line overlap, primary extinction, and preferred orientation effect, by fitting every data point in a
whole pattern explicitly. Furthermore, accurate unit-cell parameters as well as scale factors that can be
obtained from the Rietveld refinement are used for the quantification. The present stdudy demonstrates
that the Rietveld method yields far more accurate analytical result than the conventional XRD quantita-

tive analysis method does.
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BHAIEE o &% X-4 IHEAP(XRD)&
A #AEL 38 € b2 ZA3ENE 239
BE Bolitt. of W2 3 AP TE W
3t ABE 1x99 3HE 9 (diffraction pattern)
o2 de HAHA FA(peak)d] FHEGIY
Bragg 32419 FxE(intensity) o g F&
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gk a8d, ARE AFE X-4 FE0¢
whole-pattern fitting structure refinement ¥ 9]
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Aug 24T 4 YA oA 2T X-4 93
A8 E o] &8 FAAYIA 7R JHedA H
9t} (Post and Bish, 1989).

2719 whole-pattern fitting structure model-
ing & A2d - ALE JEEFL
of ©&dt vlEdA AIFZEQdY. 2% Rietveld
(1967, 1969)7} o} W& # 4R34 (method of
least squares)® Ao zHN A LA =
Aot &, A FREE, FEJRY gAY
(preferred orientation)d} 717} R oA 2= B
£ gil(instrumental effect)E 1]t o3l
Alge tate] dadde X-A SEEP S Ats
T, o] Aid HF=Yo] HA XRDE o] &3t
de JHEEY F XNHEE Al ALSE

o 2|4 (parameter) & WSAIA 7HHA Ha
Aol o3l F JF=YRY AAE Hae)
o ATz U JBE B= Pl A
o] & AHgFo M X-4 HHTFPA A
3o YRE AYHog dojd ¢ 9.
AR T 2717 R AR g1 AFAE(de
fect)o] A9 ¢l TEAYE YL E 3= ©GEA
X-4 3dEAMAHAE= 2 Rietveld refinement
AL EUAEE o] 8% X-A AP S AL
gozH nyAE AEHe YERE(kaolinite:
Suitch and Young, 1983; Bish and Von Dreele,
1989; chamosite: Walker and Bish, 1992; na-
crite: Toraya et al., 1980; muscovite: Sato et al.,
1981), A}-&e}o] E(Cartlidge et al.,, 1984; McCu-
sker et al., 1985; Baerlocher, 1984), A+3}%7+3
E(Post et al, 1982)3 22 #89 HAAYFZXY
T7F 7}Fs8HAl "Hdoh. 283, Rietveld refine-
ment WP 3} Fourier EAYE Zo] A3l A
Za}o] En} A3l 7E-E (Post and Bish, 1988)2)
Aol 242 Aok ol Lolu} £xlg 9
Ag 478 & Aok o] YL =3 FHH A
H29 BB AAFZEMAE AgdEh
(Raudsepp et al., 1987a, 1987b, 1990; Robert et
al., 1989; Della Ventura et al., 1993a, 1993b).
BEY EHEAEA WE FFEHE HZ
Rietveld 9] $8% FHE Rl 3 Uz YT
H32 9t} (Post and Bish, 1989; Bish and Post,



1993). o]&8xd o ® & u] Rietveld refinement %
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AE F R
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ER BIFNEE 474 FHI8le o] F HAHE 4|
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A 239 Az g AT, £ 7 7
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Ex= g7t 2423 2gF YA EA intergrowth
7t BRHA g AR ZAot. FY A Fo
)3 Stern £](1986)¢} EPMA (Electron Probe
Microanalyzer) 2A A3 (Table 1) Bo} o] A
St AY o8 duloEoln] 472 Srd Ba
o] #fE ULE ¢ + Atk Kroll Ribbe
(1983)7} AT BAAE Agsled o] A]g9
GHERTERE Al/Si BA=(ordering)E A
48t A3, ol ordering ©] A9 AT AEiQl
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790 'Y KC19 &§AAA Nag Koz A3}
e, o] Ade A8 ATz Al/S 2
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Table 1. Chemical composition of microcline and
albite in perthitic microcline and low albite by micro-

probe analysis (Stern et al, 1986).
Perthitic microline Albite
Microcline Albite
wi% oxide
Si0: 6442 68.55 68.22
AlOs 18.07 19.32 19.52
FeO 0.08 0.06 009
Ca0 0.01 001 0.05
NaO 0.25 11.64 11.82
KO 16.39 0.15 0.18
SO 0.69 0.06 002
BaQ 0.01 0.01 001
Total 9992 99.80 9991
Cations on the basis of 80
Si 2997 3.001 2988
Al 0991 0997 1.008
Fe 0.003 0.002 0.003
Ca 0.000 0.000 0.002
Na 0023 0.988 1.004
K 0973 0.008 0.010
St 0.019 0.002 0.001
Ba 0.000 0.000 0.000
mol%

Or 97.7 08 1.0
Ab 23 99.2 99.0
An 0.0 0.0 0.0

ol3le] YA AV|2 E43t AEE EHE k&
Hale Ao AR wEiFHE IA Za
A ¢ Yo w3l Aw@A(extinction), Y=}
arje] B¥, 0)4ES+ 53 (microabsorption)ol A
2= ex% Y + A} (Klug and Alexander,
1974). W2, o] dFoA Z Ag& oER
A ceramic pestledl| 4] £33 & agate mortar
9} o}Ao|E R ZFuH7)(agate vibrating mixer
mill; Miramura Riken)& o] &3l 10 m ©]3}=
74 3.

Rietveld refinement& o] 3 AFE Mo A
9 AUEE Yotry] At F FF bina-
ry 3% ERES S8 LrlolEQ M99
BFE TgEL 8% THE ASUHAAN THRE
7t Q42 wjdA Aot AFEAM 2 HAT
ZEAA Y o FF UASTHE BEI
8te] EHstTh £ v]APFA B Ao E9

Table 2. Synthetic binary standard mixture samples
used in the Rietveld refinements.

Albite—quartz mixtures Microcline-albite mixtures
Sample wt®of wiBof Sample wi%of wi% of
name albite quartz name  microcline albite

Ab10QEz90 1010 8990 Mcl0Ab9%O 995  90.05
Ab30Qu70 2999 7001 Mc30Ab70 3003 6997
Ab4OQtzZ60 3966 6034 Mc50AbS0 5006 4994
Ab50Quz50 5002 4998 Mc70Ab30 6997  30.03
ADGOQz40  60.12 3988 Mc90AbI0 8994  10.06
Ab70Quz30 7003 2997
Ab9OQz10  90.12  9.88
Ab9OQz01  99.11 089

Table 3. X-ray diffraction condition used in the
experiments.

operation condition 40kV and 30mA, CuK@radiation -

accessories 0.5 mm receiving slit, 1° divergence and antiscatter

slits, 045 mm monochromator receiving slit, and

curved graphite diffracted-beam monochromator

1 second for all the samples

008" for the albite-quartz standard mixtrues

002° for the microcline-slbite standard mixtures

20 ranges 20-100° 20for the albite-uartz standard mixtures
20-80° 26for the microcline-albite standard mixtures

counting time
step intervals

BF THEL T AR TRAA 2= 9329
FHAYA FHEANC] FFEN 2 AP EA
Ao lAle S FFST, =F A AQ4
9] #ojE}o] E (perthite) o] EAMo thdt o] Wy
9 &% 7FsAE HyUE] st Eu|sA.
7t 3F EPE AEE HAAAEE o &3d o
#7712 EHE Evlstgith(Table 2). 7 A &&
d20jF F0(20x20x 1.6 mm)dl| vl LHI}F=
b, 2ZAE A BE 429 HFYE Ha
s}5t7] 943t AR E Ul §F FHS WE
g2 FAth oy He: A8E EHd AL
E AN £ AL BFYE 2A ¥xF
HEY BHO HERAYLS A S FAY
de ALZ {28 Zr}(Raudsepp et al., 1990).

Z} A8l U3 X-4 3 HAYL Table 30 J
Alg ZAzAs A MAC automated diffracto-
meterg AHE-3le] AA|ET. Wulo| EQ} Ao 9
HFEEIHE A S thsiA) step intervald} step
counting time-& Hill®} Madsen(1984, 1986) 9]



CIR

Table 4. Rietveld refinement condition used in the
refinements.

profile shape function pseudo-Voigt function (David, 1986}

FWHM equation of Caglioti et al.(1958)

peak asymmetry 20 range 20~40° with the semiempirical refation
a twentieth of the FWHM

polynomial function

[001] for microcline and albite

[o11] for quartz

positions of all atoms, individual isotropic and

calculated interval
background
preferred orientation
correction
fixed parameters
anisotropic temperature factors, and occupancy
factors

H A3 serial correlationg FHA3st= IHRA
Aol Az A (optimal condition)o] 7MEEE A
HE QT SHAIRE, | APGA T dulo]EQ] EEE
FE MBS deidE 2 X-4 JEEFe] A%
739 FHAGES B9 FU FS step interval
& Adsigint.

Rietveld refinementd] Al8% AFE T
£ DBWS-9006PC(Sakthivel and Young, 1992)
olt}. o] =& 1.8 DBW3.2(Wiles and Young,
1981)9] & wHdez, Y PCLEOZ g9
Hou, o] dFoA= Cyber 962-31¢]4 A}&3
T UAEE s, 7] BERYTE: FEE
oAb thaA] Dal Negro £](1978), ¥ulo] E
of thajA Armbruster £(1990)9} ©&A XRD
AIE o) gstgon, AP tsjA= Young 9
(1977)¢) Rietveld refinement ZAT}E A1 L31H
t}. 2+ A|§o] th3} refinemente) ZHEL Table
49} gt} 7t refinement®] B4 FA 7 Ao
ol 244z YR= 159 isotropic, anisotrop-
ic temperature factore} 37 7] 2do ptoz
aAHYTH =3, 72 site?] occupancy factore
238 gz 2o RPAAT UAFA
3 ulo]ES] BEFEFE A8 hE refine
mente 20-80° 269 M2 AFA=H, o=
80° 26 ol 49 WA= FA e Fart A%
% (background intensity) 2 F€] W& A4 L2
A o} refinement Aol & JFE FA E3}
7] wjEoltt.

ALE FEEFo] g o3 d& ™Y

3 -

A%

T~

Z- gk A

=

REE AFPxo] FHE ¥ £4
$3} 28 $ME refinement 5}
. ¥4 B#E A4 (scale factor) 9} WA AT B
H WS "IN T DI sample
displacement corrections] BHE WEE WA
Zth ol 39 BHAME 29 FE| 3T (peak
shape parameter), overall temperature factor, 2
AU &Fe] wjE A (preferred orientation parame-
ter), ¥ =2} v]thA A4 (peak asymmetry param-
oter) A2 WHAAZ refinementE Y
ARG, AF FEXAL WY Helgs 1EH
219] 0.3 olal7} € mWE HPc)

dulo] Eo} Mgo] FEFTFE Ao dis|A
= 2349 weans R4S g2 A,
Dollase-March?} @48 Ag3dte] BAG A, 1
2] 1 Rietveld-Toraya®] g4E AM&sie HAS
A 5 A 2759 refinementE AAEHTH 18
U, FAe SR sAdA AFYATE FEE )
A& Bo|BE, njAPAI) dulo|EY HEE
FEEL Dollase-March FF4& A&3 A
Rietveld-Toraya @48 ALl 243 A
% Z79 refinement?+g A3t}

Rietveld refinement Z#EHE EdE 9
z+ FAFEY FA B (weight fraction)= B3] A}
7 (scale factor)9} FAH)9] BAE o] &3 b
218 o| &3l T t}H(Bish and Howard, 1988).
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A~
TE
=
3

2
KR ok

k-3
o
g

)

=
[9)

__SpV?
Mo

A (1) A We WA FHFEY AE oA
BAv)e] i, S= Rietveld refinement 2 R T3
A A 7EEY vggPeln, o A T
ABEY dxoll, Ve A FAFEY ©Y
F 29 (unit-cell volume)olth., & AoA ©YT
Bul= Rietveld refinement2 2B} 73+ W9 £A
TEFH Aeg. 28y, F49%E9 FAN
o I FEo G¥ERYY FEHEAFZS 4 4
o (parameter)®] 3% ZH =z} (estimated stan-
dard deviation)o] th3} error propagation lawE

o] g3t A}t

(1)
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g o
wolo|ES} Mo EF EEE AR B4

Fig. 1, 2, 5, 6= A|SZRE 44 $4¢ BE
2A18) (actual weight fraction)oll widte] A4+
A 8] (refined weight fraction), 3 &He] wig
A= (preferred orientation parameter), T E4
42 Yehdth. step width®} counting time
Hill#} Madsen(1984, 1986)0] A3 3|AEAA
o] HHze| 71gA AdEleng, Abl0Qtz90,
Ab90Qtz10, Ab99Qtz012e Al59] H$-E A9
31 refinement® B3] A& Z A4 (parame-
ter)9] A F2UAE 159 Aol v
AzrEt), AW, o) refinement2FE 7 F
29| 2iulo} h FEUAHE Fate I
A Stern 9](1986)¢] EPMAo) oj3+ 35HEA X
of i3 FEHAIL AAHA YR Fop ol I
AsA) gtk B, 059 EEFBARE 4
Anch o2t AA F3HAL.

Rgpaas 9o duolEg FAMge 2
o] jd@ALE BAS}A 2 refinement
¢} Dollase-March 34 & & refinement o 3}
A ARG 2HFEA(1e) HANA tH &
251 ggo] BREUSH(Fig. 1). °ols T3l
2ARE ol 4 wi% PN ARG LA
g0, olx il 7-10 wt% WlolA HAT
dx3t= XRDE o]4@ 7129 AFEAW
(Pawloski, 1985; Ferguson and Ball, 1987; Ma-
niar and Cooke, 1987)%} vlmald A A&
Aolth EF, 7129 XRD AFEAH
5 wt% olate] #Ed] ey TR Y
Hlg), o] WS Boted 1 wt% vires ¥3hE
xojo] EAdRe AXd A=Y #YE
A58 Ao|(Fig. 2)ZHE dopd & U 7
Avs FFsA ZH=Ho], of WY 4AFLE
g8 F2o e JEI AW ozt A
3 AFEAA HsEA AES € F U
AL dulolE FAuS FHFEFUX= A
anc &AL gpo)BZ, o|E refinementd] W
ALE Qupo|Eg TAHE AA lo(true lo
level)ol thah A Az YXE Aojct. wehAl,

} {
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Fig. 1. (A) Refined weight fractions of albite in the
albite-quartz mixtures, and (B) difference between the
refined weight fraction of albite and actual one for each
mixture. ®:data of the refinement without preferred
orientation correction, # :data of the refinement with
the Dollase-March correction, ® :data of the refinement
with the Rietveld-Toraya correction.

0|5 refinement= Hlwd &HlEA AFPHUS
& ¢ F U
AAE BARS ARG e Aol & #
o} 4= 9l=t], Abl0Qtz90 A &2 A
RE A4 dHlo]EQ FAHNHIE
A FE th(Fig. 1b). Z2AY=Y LA
2482 gn 7§ AV e W
ofALSe. Dollase-March B A& a4 94L& Aol tf
oo WalgAH fAlge] B E
g, 2+ A 8o dste olg T 7tA FFHE
refinement 3 ez AZ AU Dollase-
March 84 AAS o) tha 21430l A
oz At} 33 Rietveld-Toraya B23& AT
refinemento] td AP L A9 F FFHE
refinement A% 2rh A AN o] RAYYPL 4
FRAA AU vEAYe BAAE F

oA Bee ¢ 7 A

(o o2 tio m>x Ay kI
W orr



Trr T

|

05

Counts (x1500)

|
0.0 (

0.0

L |

Y Ab99Qtz01 01 |

J

.

_M‘.pr'.,«/u. RGPS SR

SRS IV PR

[N R NI 1 T 1
! [N

o aaal, [

Laaaal

aaliy gl

lllll

20 30 40 50

60

70 100

Two-theta (degrees)

Fig. 2. Observed (pluses) and calculated (line) diffraction patterns for Ab99Qtz01 mixture without preferred orienta-
tion correction (R,=22.90%, R.,=29.35%). The lower curve shows the difference between the observed and calculated pat-
terns. Tick marks indicate positions of Bragg reflections of albite (upper) and quartz (lower).

Fig. 3a: ¥ulo|E ZAQYAIY wjgA+E £
Al Aoz o] AFgto] 10] e FE wEdd
o] Zojmx Aolal 0o 7WHES4E AEL
quigitt. AXtE gutolE fANY 23} A
o3 & A YHlolE AAQIzLY] mjd AN
o] LA Ao aiF3tci(Fig. 3a). Dollase-
March BRAHANA T Aulo|EYY Mg Yz}
o wj@@A B AF(GY o7t AN
et Walete JAH(Fig. 3b)& B, o] ¥l
AARAAY] g aHE BAA X1 T3 dn}
o|E EAN|Y 227} WAl ¥ (Fig. 1b)}
TS & F Utk ole AIEE TSI Ys
FEZ] AR sl@ @Gl Zol7} 255 T3
d RABIGE AAZNA Bol HUA HE
ojm g}, 2], Ab70Qtz30 A58 YA
e e PR 24 & 3 2
(Fig. 4), 493 dule|ES] G, gt Aoj7t H]
23 e g5 (Fig. 3b) s A 93}
E 2 Ao AALYAN(Fig. 1b). o] A|gejA &
Hlo|E AR wld AT A dulo| ES)
M99 EFE FoA 713 21(Fig. 3a), Fig. 2
A9} o] Qizte] wjd@LE RASA %1
refinement & 7 9ol @@ s o=
I & ARE 2= ALZ Yo}, YuHpo|E

= K A

™
—

o] X-A 3AEFo| refinementFol SH3}A A
AHA] Ft M o FHoR B

Fig. 59 6& E¥EY 74FEY FAMA o
2t 7t TABEY UAESTY B Jux
g EA% Aojth i RE F(cell edge)te F
FEFHA WollA Stern £](1986)9 I} dA
3. &7} (cell angle)gt-& Stern 2](1986)9) 3t
T 479 Aolg RoJAY ojf EF AME F
ARFHAUAME dAsE AFS Hola 9]
0. EHEAA THREY FANL FEFE O
o] FAXATHE & 2345 A Hu 189
FEUAG £ AJE £ ¢ Uth(Figs. 5 and
6). ol TA¥EY FAY FAESFE 337}
A A5 19 34 (parameter)E H 3}
ZR8717F gEoddSs gulditt. 0.08°E step
widthE 2 Ao QoA F&AS SH¥ A4
#& 48] sk Hox 10 wt% o4 &Y
g o &fEA U BEoloJorEE ¥ F 4l
o &R, AR WddAE BAsR] ¥
I A AjE A¥ Ed 10 wth o%
(Ab90Qtz107 Ab99Qtz01l)o A E k7ol @ X7}
ARG o] oA ARYAY I ENE A
e Aol FolRE Roez Hol Yz wjd
Ao 2 HE 7% Aoz nelt. 4 (1)dA
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Fig. 3. (A) G, of the Dollase-March preferred ori-
entation correction function for albite resulting from the
refinements of albite-quartz mixtures, and (B) the differ-
ence between G, of quartzand albite for each mixture.
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Fig. 4. Observed and calculated diffraction patterns for Ab70Qtz30 mixture without preferred orientation correction
(Ry=23.52%, R.=3140%; symbols are the same as those in Fig, 2).
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Fig. 5. Refined unit-cell parameters of albite in the
albite-quartz mixtures as a function of weight fraction.
+ :data of Stern et al. (1986) (symbols are the same as
those in Fig, 1).
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Fig. 6. Refined unit-cell parameters of quartz in the
albite-quartz mixtures as a function of weight fraction
(symbols are the same as those in Fig, 1).
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Table 5. Agreement indices and other refinement indices resulting from the albite-quartz standard mixture refine-

ments.
Ab10Qiz90  Ab30Qrz70  Ab40Quz60  Ab50Qtz50  Ab60Qrz40  Ab70Qrz30  Ab90Qiz10  Ab99Qrz01
Withou preferred orientation correction

R{%) 26.19 23.07 2154 2277 20.90 2352 23.08 2290
R %) 34.06 30.50 28.66 29.35 2892 31.40 2938 29.35
Ry 1.85 1.61 145 1.50 145 1.65 155 1.54
Ry (%) 15.19 2092 16.83 16.74 14.10 15.83 17.14 15.73
Raod%) 2247 8.83 6.76 9.08 8.53 14.25 15.77 31.98
d 1.36 165 1.58 1.54 165 139 140 1.40

Without Dollase-March preferred orientation correction
R{%) 25.03 2222 2007 20.12 19.87 19.16 19.20 1890
Ruf%) 3278 29.74 2751 27.63 2768 26.25 26.59 2837
§ 1.78 157 139 145 139 138 1.40 149
R a%) 22.36 19.40 1540 1390 13.10 1202 11.25 1057
Raod%®) 1050 8.76 8.05 694 772 7.86 11.25 36.32
d 147 1.69 167 1.69 1.72 1.71 1.58 1.69

Without Rietveld-Toraya preferred orientation correction
R{%) 25.21 22.25 2048 21.06 20.72 20.00 19.63 2032
Ruf%) 33.47 29.77 27 28.11 27.83 26.84 27.01 27.05
s 181 1.57 1.40 147 1.40 141 156 142
R al%) 20.75 20.02 16.12 14.83 1456 13.35 1298 1193
Ruod®) 10,54 8.77 12.88 707 7.70 773 21.26 27.75
d 145 167 1.66 166 1.63 1.68 1.56 1.58
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Fig. 7. Observed and calcuiated diffraction patterns for a Mc50AbS0 mixture with the Dollase-March correction (R,
=20.38 %, R.,=27.81 %). Tick marks indicate positions of the Bragg reflections of microcline (upper) and albite (lower).
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actual one for each mixture (symbols are the same as
those in Fig, 1).
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N2 BRFZIL fARE 2A9 98 =8 F
Atz &% SHE B2 2AYAS] gE
e FFAFEY 237 2& Aot 1=
2, A%9 B2 B G& FFNA Z2AHHA
2L & & Uk o] dgo] dule]EG Ao
TFEAE YEA] @1, o] Algd W@
refinement 23 WAZEE SuHlZ AFEHULC
g, ols WAREY BAFT FH vERS
VAL Ao A, AFoE ¥FHE PEY
Hae Ug ZolA WA= HEsr] IEH,
o] Aol FAAY HFxY 71RA sF7)
913t counting timeS A A3k7] Wi w7
Aes B fluctuationg EQIth o2 Ql3ly
2% IZH BFEY Jax IFsA FFH7
olg] $n, AZ olE A8 U G& & 2AE
ZHA ° Aol

Fig. 103 11& g9 24 FHBEY 99
FATO g Az JUTE T Aojrt.
o AFgA ] o3 DY EHFgko] Stern £](1986)
o g3 Be Aol RAH(Fig. 10). ¢z &
A (alkali feldspar)2] AR FZNA TG EF o
a9 e Na, Ko ol 433 BAE Hol
o Al/Si AMzolE AY BAEHA e AR
Bo}(Kroll and Ribbe, 1983), o] & BojElo]€l 1|
AL K-Na x33l= HAoA Bulo] EY
Na %zt ojg} ujAgA e} Nazkx] Ko g2 X8
gol mARA 9 K §Fo] F7HEA7] WEo R
BT BE BHIRFE AUHLE ZAT o
M8 exg BAL. o UHE BF #sol
Kroll#} Ribbe(1983)e] AAI¢ 259 & 428
o, gy ERA 2 EE Kroll £](1986)2] 41& o]
4319 DAY BFAFY Ore E8&S AN
3 & Za Ordie E&80] 100£0.04 mol%
ol Aog Bol, NUAYE AX nAZY BE
Ags 9AE AP ©F (maximum micro-
cline end-member) 9 & & = Ut}. dnvjojEQ)
Z(cell edge) 2 Stern 9 (1986)9] &7 YA
312\ qk, 27} (cell angle) 3t 7t Aol & B
tH(Fig. 11). a8y, o] %ol FHREZHAL
ARG R BA SHAJLEE o] AF
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Fig. 10. Refined unit-cell parameters of microcline
in microcline-albite mixtures as a function of weight
fraction. % :data of Kroll and Ribbe (1983) (the other
symbols are the same as those in Fig, 5).
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o,
dulo| EQ] %7] AAYTZ R (starting struc-
ture model) & A# o] AP FFAFY %
A 2 Al/Si BAEA o] fAHEe pattern fit-
ting & 2 HitH(Table 6). ujAFA Q] 7 4o
o] BMAFY AFsA A= 27 APTFE
2dE A 5 A7) i Fulo]ERT
pattern fitting®] %7} £2 £a&ln, oA S
wo] #4735t Algo] 3 refinement®] R,, Rup
Sae Agdos 2A Yedn.
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Fig. 11. Refined unit-cell parameters of albite in
microcline-albite mixtures as a function of weight frac-
tion (symbols are the same as those in Fig. 5).

A AR weaHg o= Ax KA F
= AoZ dA sith(Bish and Post, 1993). o]
ArAatel] o3ty vjAgAMal FulolESl FE
TREY AE9 Zol TAHFEUAY wEaH
A Afole AFEAA e 3
2AAE 4& & Utk 2y, FulolEY
FE8HA Zpo]7}h ¢ 7 foll= Rietveld W
£9 XRD FF2A Rt 2490 219] wj
s Bol ZaAA Hay A
dE & UNoY, JFH3F] o] 3=
Z3la gol UA Ho HH
% o Ao YA

TAA TN TAFELAY wigEE 2
FEY X-4 JHE=Y S HIAIA Hed, of
BAE A g AHLd= Rietveld refinement
9] pattern fitting Ao A w&d G457t A

=8
=

Table 6. Agreement indices and other refinement
indices resulting from the microcline-albite standard
mixture refinements.

Mc10Ab90Mc30Ab70Mc50Ab50Mc70Ab30Mc90Ab10
With Doliase-March preferrec orientation correction

R{%) 17.64 18,50 20.38 21.12 2278
Rul®) 24.19 24.36 27.81 27.83 29.55
§ 132 137 152 142 148
Ramd%) 1367 1401 12.70 1226 15.28
Re %) 8.75 9.16 890 15.28 15.04
d 139 127 1.09 1.25 1.19

With Rietveld-Toraya preferrec orientation correction
R{%) 18.74 20.21 1955 2265 24.14
Ruf%) 2471 25.86 2590 29.41 3090
§ 135 145 142 1.50 155
Rpwd®) 1458 1561 14.16 1361 1651
Raal®) 983 10.39 8.56 1617 1331
d 133 1.14 119 1.12 1.08

Z2AHRA By, AATZAS (structure factor)
EX AYS & ¢7] oA "o 537 2A
TZ2E 7H B89 EFFE s Rietveld

refinement WL o] 83 FFEAG & AL
fractional atomic  coordination,  1sotropic-,

anisotropictemperature factor, occupation num-
ber 53 2 ARZTRATEL 44 FHHY]
FEoA tf 7] APFRELFCE TS
Azt weEhd, o] AR A7 ALdE X-A
HYERT 44 HITYNY AL HaAR
Holl 2| ¢ refinement Foll MSAZ W, & ¥
Hds T 4% 4 b 2YEE, o&
TUAIEANA FABEDAS] S EART} pat
tern fitting o] 25 sy, A= v A2
TR S oprlstd 12 FE ALE 2A
Mgtol 2348 2 ® Rolth.

o] A79 refinement TYPA] FEYAS] wjd
A9E BAs = dubd oz A4 EE Dollase-
March §<9} Rietveld-Toraya <& ©] &3¢
o olg B47F 9ol wdEgel s 32
o ZE7t #AsHE A4S A 24 B2
He Ao /MBEE FJag Al mge
Rietveld refinement 8] o] -5 13
F9H (53] Dollase-March gH4) Q1#te] W€ 53}
oA 2= 238 A& F 5+ At Snyder and
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Bish, 1989). 28y, o] 1Al ¢J3H ol &
ggo 98 2Rl : BFsta 2AES A7)
HAE = Aol ALY, Snyderst Bish(1989)
9} Post9} Bish(1993)ol o8 AFHAD
Zo] Rietveld-Toraya &4 #L =9 Y
(pole density)& 7}¢-Aj¢H(Gaussian) X Z 7]
£3le RAYSE I EA B3] 2 2345
Zo.

Dollase-March B & QIz}7} 2A &0 weh
Wesls 4L vad F uda Ju v
AN A AYYAY] HEERE Hols FE
sl 43Hog AHEHo fr(Dollase, 1986).
o] dTAMNE BAHE AASA ¥ AFEH
Ao Hlste o] BAYE A Ade At
A& welrh weha, Dollase-March B
e gAe wWdaneg 43 2R de Re
2 wolt}, 31A|ut, Dollase-March BA ol 23} A
T AFENANI} g7te) FAFHA 234E 7HA
o BAE ANGA ga B AHY FAR A
FEN oxo) Al wE HIFAE RAF
=4, R, R, S3t0] o] BAYLE FAHE= A
©2 Ho} pattern fitting® 7HAF X, GH3]
Asg 2ANY e EATES ¢ + Ut o
= oo BYPor AR e exQ%l0] £
A duisted, FAFEUAY dFo] F=
37 AFEAe 4%E 712 7hsAel 2o
TASBEARY W anE B FR) ¥e H
o AHgRMo o= 72 AAYYAY wEIY
of ogte] dojux|ut, o] FAL BAE A
= QY] Yol 3 A s FHAA Y] HPEA
o7 s a7t LAY + Ut

o] oA dulo|ESG} MY THE A5
xol duiolEXE HAYAS WEEHNT FAH
3 2o ZANZ dAgro A Tl
#2HREE, o oo APeE HPHn.
dulol Ex FEEA weste {001} @Al ¢
& WA Jle A dFoz AEH= WY,
Mool A¢ vad equant o FFYP L 712
o B2EAEAA AHYAY WAL upE
B 3} o] compaction, settling M2l E¢ AR
9go] Furyo] opd FEYAV EXF AP

A oy wdEE tA dojus #ARLH,
FAYAEL AgFHRY FolA W Ho| n}
$e" Fdol BP3A wWEsA dct £F o
3 AP WA gFol #LY FAY
Ae FE2E g™ 93 by FHAEY 23
Yol 7h7-E AgGYRlel] Hste W& FH 9
Hol =29 AP At A8 JYAHE X-
Ao 2 FdNGA PO wIgaArt Fel
g AAol AS 19 JHFAREE AUFHLE
Z719d, weld FAe) ZAHE Wdanst A
9 Qe MY vl Aoz gL oE
A = ok o]AY ZA e Aol 2 st
o nfEeE Ag WA doqvs e X-
A JAEEYPolA NEFEY] U FFY &
¥ (pole density) A&oz AAY wigaw
g B4 gutde wdade R
He 17t A gong oFx 2§ 24
A7le Rog 47
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FFEMY EFo= sty & + Yot
3], Rietveld refinement ¥oll o3 AFEAL
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AR Y magg Adsle A FET
2 vt AP e AEFE 71E XRD
g EnE gzt wWgddduEe dojvds &
AFE HAHT & Yo, %3 refinement®
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refinement &¢f LAY8}= serial correlationg F
4835171 918t Bl & step width§ =3}
of G EArate]l oF 10 wt% ©|31e] FEof o
A4 25 ZA Hlou, oEn B step
widthg A9E ¢ vFoz gid FEY @
AEATUE A A8 E + Atk o
A, Rietveld ¥o] Z+ 3139 A& o] &3l&
2o ollz X-4 3-E=y HAAE pattern fit-
tingel] A}&3tH Hxhshil 71‘351 Hag Adsl
W 4 glong o] Hpgow do BATALH
2 dutAel 2 X—-4 FFyold gAY
A de gt 88 Zgsitt(Post and Bish,
1989). tj$7) 2%oz IgH ETENMAE 4
A FAHER, o] FFEAA EFAND B¢
EHEARY E8E ZE FEES W] ¥
I AFENE F F e FHol U o] B
9 f88e FUEL

o] AollA Boixl mAPGA T Pnlo|ES] 7
MAso] vehd FBEe FAEE vy Pchd
Holejo] EAl R0l thE Rietveld refinement® %
FHMe 3 AL 7129 Kuellmer(1959, 1960),
Furguson® Ball (1987)¢] <]% ”J‘%‘E_E} AR
A4 AREA AHE A& F UL AR 7
"}, E3|, Rietveld refinement e %
NEE HER A3l 7)7)d4 2= ARE
28 £ 497 goH, AFEAE 9sd o
g FANY FEIFEZHH JFPEE IS
a7t glok =3, 739 FHEAAE IE5E ¢
Ao, FEAF AAXTFFAA ZFE & U
A9 AATxY Al/SI AAME, F3txdd &

& ARE T de & A= Bl ez
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B35 A5 o] Rietveld refinement Wy
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1. Rietveld refinement Hh8 & o] 23}l AaFE
AE e A3 dulolEY Aol BEF EHE
°ﬂ M 4 wt%, PG T dulolEY B

F ZHEA ddE 1 wi% AT JBEE

et o] A#%e 7189 XRDE o] &3 HFE
Aol ti7f 10 wt% Wele AT E Ze AH
Blas] HE of$ A Aot

2. AE g 24 AY WEeETdE Role 3
BE9 ETFEAE U FFEA Ads #3
ZQl HoldAE BT &, A§FA ZAY
) wj@@gE FHlo] Boles FEY A=
AA g Rt 4 3A S ZAUAY e
ol B A5 R FES AR 2 2
olF g A4e AAUAY YPuEol v LEH
AlE BHAA dojus A o3 ez #
[igz)= 8

3. Rietveld refinement Y E£A] AFEA
A ollel X ATHE WE FEA
235, o] #9 A=Y FUEE FHYAY
HEERT 1 FEY g sl FFs
=

4. @A AAE 2EJARY W@ e 2
gz ¥y (Dollase—March 349 Rietveld-
Toraya @) HEde £ 2, o] s
SATATFY AFEE FHAIIAT FFEY
ARg Fglo] FINIIAE XEd. a3y,
Dollase-March #4%= refinement 34| vz 3
RS PR LIEDERROE ELEE L
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